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Abstract 
In this paper analyze the sales behavior of the items in the laundry category in a Latin American 

Supermarket Stores, as well as the stock out level presented in a period of more than 100 weeks to 
determinate if there is any relation between stock outs level and the sales behavior. Historical data is from 
the second semester in 2012 to the first semester in 2014, which was analyzed using vector autoregressive 
analysis (VAR). The results show that the OOS situations observed are lower to breakeven, this imply 
that the retailer in this study have a high cost of unproductive inventory since the fact of having more 
inventory has not effect on sales behavior. 
___________________________________________________________________________________ 
 

Introduction 
The purpose of this paper is to analyze the sales behavior in a retail setting and the stock 

outs level presented on laundry products in a period of more than 100 weeks in a supermarket 
chain in Latin America; to determinate the relationship, if any, between stock outs level and the 
sales behavior; and to identify the of stock outs degree of influence on total sales. 

The retail industry in Latin America has gained great momentum. Consumer spending 
has increase in consumer spending due to the middle class growth in the region. Despite the 
economic volatility experienced Latin American markets for social and political problems, the 
retailers, especially supermarkets are placed as leaders in the region. The retailers in America 
Latina reported strong financial results in 2013 even when the devaluation of currencies 
continues (Brujó & Matias, 2014). 

The most relevant countries in this area are Brazil, Mexico, Colombia and Chile. 
According to Interbrand, these are the most valuable retailers in Latin America (million dollars): 
OXXO ($2,615) a convenience store in Mexico, Extra ($263) another convenience store in Brazil, 
Bodega Aurrera ($1,016), Falabella ($547), Superama ($319), Tottus ($160), Pão de Açúcar ($147) 
most of them supermarkets. These chains work on countries like Chile, Brazil, and Mexico. The 
most important supermarket chains operating in Latin America are Carrefour, Casino, 
Cencosud, Coto, Falabella, Pao de Acucar, Tottus, and Wal-Mart, and a typical store surface in 
these chains are 4900 square meters (Brujó & Matias, 2014); (Capizzani, Ramirez, & Rocha, 2012). 
 

A Brief Survey of Literature 
Previous research about OOS have given a numerous definitions (Che, Chen, & Chen, 

2012); (Helm & Hegenbart, 2011). According to Gruen et al, a stock out situation happens when 
an item is not available for sale, at least one piece must be in existence in a specific time on the 
store, independently of the reasons that originated the stock out circumstance such as store 
operations, supply chain inefficient or supplier service level (Gruen, Corsten, & Bharadwaj, 
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2002b). The OOS situation is the intersection between consumer behavior and the distribution 
channel (Kucuk, 2004).  

In that sense the OOS situation most be one of the most relevant key performance 
indicator in retail logistics since this situation is better understood when it is analyzed from a 
holistic perspective that includes all the elements in the retail supply chain from the provider to 
the store shelf as the ending point in the retail supply chain (Aastrup & Kotzab, 2010). Previous 
studies  have examined the OOS situation from two perspectives generating two research 
streams (Progressive Grocer study a&b, 1968);(Aastrup & Kotzab, 2009). On the first hand, a 
stream represents the demand side of OOS situations where the consumer reactions facing an 
OOS are examined. On the second hand, stream analyzes the supply side and the root causes 
that originated an OOS situation. 

The OOS can be seen as the complement of another key retailing performance indicator 
of customer service, which is On Shelf Availability. This last indicator is defined as the 
probability of having a product on shelved in the expected location when the customer wants to 
buy it (Chopra & Van Mieghem, 2000). It does not matter whether the product is available on the 
store´s backroom since the product is not available to the consumer.  

The demand side research stream analyzes the costumer behavior reaction facing an 
OOS situation. The results vary from study to study, and they show different behaviors, which 
depend on the region under study. Campo et al detect that 2% of customer facing and OOS 
situation switch to another store, the 49% delay the purchase and the 44% choose an item form 
within different alternatives (Campo, Gijsbrechts, Nisol, & Modelling, 2000). Gruen et al find out 
that 19% switch to other item, 26% buy an item from another brand, 31% buy the item to another 
store, 15% delay the purchase and 9% don’t purchase the item (Gruen, Corsten, & Bharadwaj, 
2002). In addition is needed to consider the purchase customer decision tree of each category 
product what is a test that denote the purchase considerations in order of importance for the 
customers, each node is the result of the product attribute hierarchy (Cho, Kim, & Kim, 2002). 
Depending on the product analyzed the stock out reactions chance significantly: 

Category Autor 
Article 
switch 

Brand 
switch 

Store 
switch 

Delay 
purchase 

Not 
buy 

Bread Woensel et al (2007) 84.0% * 10.0% 6.0% - 

Cereals Campo et al (2000) 44.0% * 3.3% 49.0% 3.7% 

Groceries 

Schary et al (1979) 4.8% 17.4% 47.9% 11.2% 18.7% 

Emmelhainz et al 
(1991) 

41.0% 32.0% 14.0% 13.0% - 

Sloot et al(2005) 18.0% 36.0% 20.0% 23.0% 3.0% 

Margarine Campo et al (2000) 66.0%* 2.0% 30.0% 2.0% 

Meta- 
Analysis 

Gruen et al (2002) 19.0% 26.0% 31.0% 15.0% 9.0% 

Wine, 
Spirits 

Walter et al(1975) 19.3% 64.1% 14.1% 2.5% - 

White 
Goods 

Zinn et al (2001) 62.0% * 22.9% 15.1% - 

 

 
*Brand and article switch are represent by subtitution 

Customer stock out reaction from existing research studies based on (Helm & Hegenbart, 2011) 

These studies show a strong influence between situational factors and the consumer 
response to an OOS situation. The literature on consumer reactions to OOS situation finds out 
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that consumer’s responses could vary strongly depending on situational and psychographic 
variables and based on product and store characteristics (Bayle, Laurent, & Macé, 2006). 

The supply side stream research has been studied since the 1960´s (Peckham, 1963; 
Progressive Grocer study a&b, 1968), these types of studies focus on the impact of OOS 
situation, how to measure it, the root causes in supply chain that originated this situation 
(Aastrup & Kotzab, 2010). The first study found an average level of OOS of 12% in relation to the 
operative issues in a store, finding as root causes: space allocation, ordering routines, 
inexperienced personnel on the stores (Progressive Grocer study a&b, 1968). Other studies have 
shown that the world level of OOS is between 10% and 30% (Hess & Gerstner, 1987; Progressive 
Grocer study a&b, 1968; (Schary & Christopher, 1979), more recently research shows that the 
OOS level is around 8.2% in a typical day and 15% in items with promotional activity or 
advertising (Gruen & Corsten, 2008).  

The studies from 2000’s have analyzed the reasons of the Stock out situations such as 
logistics problems, deficient distribution and retail store inefficiencies, and other logistics 
variables that have an impact on OOS situations (Gruen et al., 2002a). The average service level 
from suppliers to warehouses and from warehouses to stores ranges from 97% to 99%. The On 
shelf availability (OSA) is around 92-93% (ECR Europe, 2003). This indicates that one of the 
main OOS situation causes are the in-store operations (ECR Europe, 2003); (McKinnon, Mendes, 
& Nabateh 2007); (Aastrup & Kotzab, 2010). 

The level of OOS depends on the demand of each product and its features: OOS rates 
vary significantly between different product categories, such as laundry, air fresheners, dishes, 
processed food, and drinks. The worst OOS performing rates is around 15 to 16% depending on 
the items, and the best OOS performing rates are less than 1% (ECR Europe, 2003); (Gruen et al., 
2002b); (McKinnon, Mendes, & Nabateh 2007). This OOS performing rates vary depending on 
seasonality, service, demand (Aastrup & Kotzab, 2010). Promoted items have more probability 
of OOS than items without promotion. According to Gruen et al, the items with promotion have 
a 75-100% more OOS than the non-promoted items. However, if an item with promotion is 
handled with special attention, it could present lower OOS levels (Gruen & Corsten, 2008). 

The OOS level varies depending the store size and format. In the hypermarkets, the OOS 
level is lower than the supermarkets (Aastrup & Kotzab, 2009); (ECR Europe 2003). Also, some 
studies had reported a lower OOS level in supermarkets than convenience stores (Aastrup & 
Kotzab, 2010); (Fernie & Grant, 2008). OOS level is not constant, it varies depending the day of 
the week and the hour (Gruen & Corsten, 2008); (Van Woensel et al, 2007). Over stock could 
create backroom full with some items, and lower OOS performing rates for other items since 
increase the management of the store operations, and low stock increase efficiency and 
productivity through the supply chain (ECR Europe, 2003); (Aastrup & Kotzab, 2010); (Scott, 
2006). The channel distribution has not effect in the OOS level, either delivered directly from 
supplier to stores or cross-docking delivered via warehouse (ECR Europe, 2003). 

It is important to define the OOS level since it should be a balance between benefits and 
investment in unproductive inventory. Besides, an analysis of the costs of lost sales and the costs 
of unproductive inventory is needed (Fitzsimons, 2001), which are some of the most relevant 
issues that retailers must considerer. 

The majority of the studies are focused on Consumer Behavior facing an OOS situation, 
and there are a few studies that investigate the frequency of the OOS situations, and how this 
phenomenon could affect the sales, generate losses to the suppliers and retailers (Bayle et al., 
2006). Also these studies have more limitations. Some of the results do not allow showing 
generalized rules to explain or predict an OOS reaction behavior (Diels & Wiebach, 2011). 
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Moreover, these studies do not analyze the effect of the OOS situation in the sales behavior from 
of the retailers and suppliers, which is a valuable avenue for research, and it will be the 
perspective used in this paper. 
 

Data and Methodology 
In this study, Time series are used. Specifically, Vector Autoregressive Model to 

explaining the OOS phenomenon in a supermarket chain in Latin America, the generic product 
analyzed was liquid laundry with more than 200 different items in more than 400 stores; the 
data contains more than 100 weekly sales since July 2012. 

The Vector Autoregressive models (VAR) are used to analysis of multivariate time series; 
to describe a dynamic behavior between two or more variables. This method is used mainly for 
forecasting and econometric studies. Also the VAR model could be used to analyze for 
structural inference and policy analysis (Zivot & Wang, Modeling Financial Time Series with S-
PLUS® 2006, pp 385-429, Chapter 11). This model was proposed in 1980 by Sims. In 1987, Engle 
and Granger wrote about non-stationary of variables (Martins, 2010). A VAR model could 
handle responses for a dependent variable generated within the model, which could be utilized 
to understand a structural relationship among variables of the system under study (Sa-
ngasoongsong & Bukkapatnam, 2012). 

The unrestricted VAR model contains one equation for each variable and are considered 
endogenous, the variable most be treated symmetrically with the same set of regressors 
(Martins, 2010). 

If we consider this form with k order VAR with p variables VAR (p): 

 
Where  

 Yt is a set  of endogenous variable with t = 1, 2, …, K 

 Ai are matrices of parameters K x K with i = 1,2,…., p 

 Ut as the vector of deterministic components with the vector of coefficients with E(Ut)=0 
and the covariance matrix E(UtUt)=∑u (white noise). 

The VAR (p) models assume that the parameters are constant over the time and linear. 
The errors independent and normally distributed with correlation equal to 0. 
The residual covariance matrix Ω with dimensions K x K  
We need to asses if the model satisfies these properties to ensure a reliable statistical 

inference (Martins, 2010).  
The matrix form can be represented by: 

 
Where: 
The stacked vector dimensions Єt and the Ut is (KPx1). 
The dimension of matrix A is (Kp x Kp) considering the moduli of eigenvalues of A less 

than 1 to a VAR (p) stable. 
When roots of the characteristic polynomial are less than 1 in absolute value, then the 

solutions converge when the time trends to infinity. 

http://link.springer.com/book/10.1007/978-0-387-32348-0
http://link.springer.com/book/10.1007/978-0-387-32348-0
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(|ρj| < 1) 
To analyze the data VAR model was used R software; also identify the relationship 

between both variables: sales and out of stocks, this model determinates the degree of influence 
of out of stocks in sales behavior and identify the breakeven where the out of stocks has no 
influence on sales behavior for this study. The estimated sales are consequence of past sales and 
the out of stock observations presented over several weeks, where the sales is the dependent 
variable and the out of stocks are the independent variables.  

 
Results 

The analysis detected the number of lags for SC(n) is 2, the estimated sales as can be 
observed in Chart 1 the minimum value is in 2, this means the number of regressions that need 
to estimate the model, t = -2.  

SC(n) 2 

 

 1 2 3 4 5 

SC(n) 4.383883e+01  4.325929e+01 4.332519e+01 4.330683e+01 4.338177e+01 

 6 7 8 9 10 

SC(n) 4.343980e+01  4.351055e+01 4.359201e+01 4.359821e+01 4.367333e+01 

 

Chart 1. 
SC(n) values 

The estimated coefficients for the equation "RUN.SALES" are listed on Chart 2 and each 
variable indicates a two variables for the lag. 

The equation for sales is: 
V= aVt-1+bFt-1+cVt-2+dFt-2+e 

Where V= SALES; F= OOS; 
With the values found, we have: 
V=(2.403e-01)Vt-1+(8.989)Ft-1+(6.985e-01)Vt-2-(2.881)Ft-2+6.455e+04 
As can observe in Chart 2 the coefficients for SALESt-1 and SALESt-2 are significant this 

reflect that the sales are not lineal and behavior with one week high and one low. The coefficient 
of OOS is high but the significance is 0.05 for t-1 and no significance for t-2.   

Estimation results for equation RUN.SALES: 
                                                  Estimate      Std. Error     t value    Pr(>|t|)     

RUN.SALES.l1                        2.403e-01     7.200e-02    3.337      0.0012 ** 

RUN.OOS.l1                           8.989e+00    5.311e+00   1.693      0.0937 . 

RUN.SALES.l2                        6.985e-01     7.046e-02    9.913      <2e-16 *** 

RUN.OOS.l2                         -2.881e+00     5.397e+00  -0.534      0.5947 

const                                       6.455e+04     1.518e+05   0.425      0.6717 

 

 Signif 
codes:  0 ‘***’; 0.001 ‘**’ ; 0.01 ‘*’ ; 0.05 ‘.’ ; 0.1 ‘ ’; 1 

Residual standard error: 333700 on 97 degrees of freedom 

Multiple R-Squared: 0.8753,     Adjusted R-squared: 0.8702 

 

 Chart 2. 
Estimation results for equation RUN.SALES 

The R-squared for equation SALES shows that the model explains the 87% of the 
variance. 
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The estimated coefficients for the equation RUN.OOS are given by: 
The equation for OOS is: 

F= rVt-1+sFt-1+uVt-2+vFt-2+q 
With the values found, we have: F=(-6.020e-04)Vt-1+(8.552e-01)Ft-1+(1.354e-04)Vt-2-(-

6.401e-02)Ft-2+7.448e+03 
The higher significance for coefficient OOSt-1 implicit a positive correlation, this means 

when the OOS in t-1 increase, the OOS in t increase too. When the OOS for t-2 increase, then the 
OOS for t decrease, however this shows no significance for the equation OOS. 

Estimation results for equation RUN.OOS: 

                                                  Estimate      Std. Error     t value     Pr(>|t|)     

RUN.SALES.l1                       -6.020e-04   1.375e-03    -0.438       0.6624 

RUN.OOS.l1                           8.552e-01    1.014e-01     8.435        3.17e-13 *** 

RUN.SALES.l2                        1.354e-04    1.345e-03     0.101        0.9200 

RUN.OOS.l2                           -6.401e-02   1.030e-01   -0.621        0.5359 

const                                        7.448e+03   2.899e+03    2.570        0.0117 * 

 

 Signif 
codes:  0 ‘***’; 0.001 ‘**’ ; 0.01 ‘*’ ; 0.05 ‘.’ ; 0.1 ‘ ’; 1 

Residual standard error: 6731 on 97 degrees of freedom 

Multiple R-Squared: 0.6348,     Adjusted R-squared: 0.6197 

F-statistic: 42.15 on 4 and 97 DF,  p-value: < 2.2e-16  

 

 Chart 3. 
Estimation results for equation RUN.FALTANES 

In this case for equation OOS, the model explain the 62% of the variance.  
VAR Estimation Results: 

=========================  

Endogenous variables: RUN.SALES, RUN.OOS  

Deterministic variables: const  

Sample size: 102  

Log Likelihood: -2475.009 

Roots of the characteristic polynomial: 

0.9551    0.7794     0.7216     0.08252 

 

 Chart 4. 
VAR Estimation Results 

Given the roots of the characteristic polynomial less than 1, then assume that the 
solutions converge when time trends to infinity. Otherwise, the analysis found the breakeven 
on: SALES:  64,550;   OOS:  7,448. 

This represent the normal value of sales when the values of the variables on the equation 
sales are 0 and the maximum level of out of stocks that not influence on sales behavior. 

Portmanteau Test (asymptotic) 
data:  Residuals of VAR object var 

Chi-squared = 29,3758 df = 24 p-value = 0.2063 

 

 Chart 5 
Portmanteau Test 
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Correlation matrix of residuals: 

 RUN.SALES RUN.OOS 

RUN.SALES       1.00000    -0.02646 

RUN.OOS      -0.02646    1.00000    

 

 Chart 6. 
Correlation matrix of residuals 

 

Discussion and Summary 
In the competitive retail market, customer service is one of the most important and 

essential principles that any organization requires. In this sense, the Latin American Retailer in 
this study focus on offering the merchandise at the right moment, in the right place and the 
correct quantity and quality. The previous situation requires an efficient supply chain that 
allows the flow of the products from the suppliers to the store shelves when the reality shows a 
lot of problems start in the supply chain. In order to support intrinsic inefficiencies in any 
supply chain, the retailers must carry a higher inventory cost to avoid great lost sales caused for 
OOS situations, which was the focus of this study. 

Most of the previous literature provide a perspective of how the customer reacts facing 
an OOS situation (demand side), this study includes the understanding of retailers perspective 
(supply side). By including both perspectives, the relationship between sales behavior and OOS 
situations, it was possible to find the breakeven when the OOS situations has not influence on 
sales behavior. 

The results show that the OOS situations observed are lower to breakeven, this imply 
that the retailer in the study have a high cost of unproductive inventory since the fact of having 
more inventory has not effect on sales behavior. Also, the study shows that sales can forecasted 
by considering two periods back. Otherwise, there is an interesting relationship between OOS 
and sales because the sales increase the OOS increase too, if the sales decrease, the OOS decrease 
again. 
 

Direction for Future research 
Although the study analyze the OOS situation in a Latin American supermarket chain 

the item category was laundry, the results can vary from one category to other. In particular 
laundry category is very sensitive to price. The results can vary depending on the region and the 
tree decision purchase for the category. The study did not consider more product categories 
because want to obtain more specifically conclusions. Future research can consider some 
interesting challenge with more complex model that can define the influence for other variables. 
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