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The evolution of the grocery retail landscape in a megacity in 
emerging markets. The case of Mexico City 

 
by 
 

Camilo Andrés Mora Quiñones 
 

Abstract 
 

This dissertation is concerned with the development of three studies that aim at 
developing a better understanding of the evolution of the grocery retail landscape in 
a megacity. Urban areas like Mexico City are significant for businesses since they 
concentrate wealth and business opportunities. The grocery retail landscape in 
Mexico City is composed of approximately 90.000 grocery retail (GR) stores that are 
classified into three categories: modern channel stores (MCS), convenience chain 
stores (CCS) and nanostores, configuring a fragmented market in which all three 
types coexist.  

The first study aims at conducting a comprehensive spatial statistical analysis of the 
grocery retail landscape of Mexico City to have a better understanding of the 
evolution of the GR channels over the past ten years. The second study proposes 
the taxonomy of the grocery retail stores for Mexico City, based on an empirical study 
conducted in Mexico City to facilitate the decision-making of the stakeholders of the 
grocery retail sector. In the third study, a physical mathematical model is proposed, 
inspired by a tuned mass-spring-damper (TMSD) system with three degrees of 
freedom and three masses, that simplifies the understating of the long-term behavior 
and interaction of the MCS, CCS and nanostores under economic shocks.  

The results of the studies show evidence of the coexistence of nanostores, CCS and 
MCS regardless of the socio-economic level of the population in urban areas. 
Moreover, the results also show how operational and physical characteristics enable 
a more detailed classification of grocery retails stores, and relevant findings such as 
the costly perception trap for low socio-economic level (SEL) consumers based on 
the differences of store-image and the site selection. Finally, the TMSD model is 
presented as a blend between physical modelling and economic modelling in order 
to predict, with moderate error margins, the behavior in the grocery retail sector as 
evaluated under economic shocks of different levels. 
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Chapter 1 
 

Introduction 
 
This chapter presents the general structure of the dissertation, including the 
motivation, problem statement and context, research questions, hypotheses, 
objectives, scope and limitations, methodology, main contributions and finally, the 
dissertation organization.  
 
The main purpose of this research is to study the evolution of the grocery retail 
landscape in a megacity in emerging markets, the case of Mexico City. The 
methodology consists of three main studies that complement each other. First, a 
spatial statistical analysis for Mexico City is conducted to better understand the 
development of the grocery retail channels during the past ten years in the megacity. 
This study discusses previous contentions from the literature to facilitate the 
comprehension of the relationship between factors such as the concentration of retail 
stores per area, the configuration of the retail landscape with respect to the mix of 
population of various socio-economic levels (SEL) and the coexistence of the 
different types of grocery retail stores. The next study develops the taxonomy of the 
grocery retail stores in Mexico City, to have a classification that facilitates the 
decision-making process of the stakeholders of the grocery industry. The 
classification is based on the main aspects identified in the literature that have been 
previously used to classify grocery retail stores, and an empirical study that was 
conducted to determine the statistical differences between the physical 
characteristics of grocery retail channels, stores and formats. Finally, a physical 
mathematical model inspired by nature phenomena is developed to simplify the 
understanding of the dynamics of the grocery retail channels in the presence of 
economic shocks. The model is a contribution in the field of econophysics and its 
main purpose is to create scenarios that could depict the future of the grocery retail 
landscape at an aggregate level, to become a decision-making tool for the 
stakeholders of the industry and policymakers. To recapitulate, the purpose of the 
dissertation is to understand the past, present and future of the grocery retail sector 
in Mexico City to have a better understanding of its evolution, current state and future 
paths in the megacity.  
 
Mexico City is significant for businesses since it concentrates wealth, innovation and 
economic growth opportunities. This megacity has a diverse grocery retail (GR) 
concentration and variety of channels, mainly due to the growing urbanization, high 
population density and income disparities. Current projections suggest 60% of the 
world’s population to be urban by 2030. The different socio-economic levels (SEL) 
High, Medium-high, Medium-low and Low of the citizens, outline their purchasing 
behavior and consequently influence where and when they acquire their goods. The 
GR landscape in Mexico City is composed of approximately 90.000 GR stores 
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(INEGI, 2019) that are classified in this work into three categories: modern channel 
stores (MCS), convenience chain stores (CCS) and nanostores, configuring a 
fragmented market where they coexist.  
 
The MCS, are grocery retailers that rely on high volumes and quick stock turnover 
to reach economies of scale, like supermarkets and wholesalers. The CCS are retail 
businesses that stock a range of everyday items such as groceries, snack foods, 
candy, toiletries, soft drinks, tobacco products, magazines and newspapers 
(Hervert-Escobar et al., 2016) and, nanostores are traditional grocery retail stores, 
family-operated, independent and non-organized, mostly with less than 100𝐦𝟐 
commercial space (Fransoo et al., 2017).  
 
1.1 Motivation 
 
Over the past ten years the GR landscape in Mexico City has evolved significantly. 
The fast growth of the CCS and the financial stability of the MCS have provoked 
speculation about whether nanostores are going to disappear or if they will endure, 
as mentioned through several local news reports. In February 2019, OXXO the 
largest CCS company in Mexico, reported that 1422 new stores opened nationwide 
during the  first quarter of 2019, almost 15 store openings per day, while in 
September of 2019, Walmart, the largest MCS and the biggest private employer in 
Mexico reported a market value of 50,000 million USD, becoming the second 
company in the history of Mexico to surpass this threshold. In contrast, the 
performance of a single nanostore is insignificant if compared to the financial and 
operational robustness of the CCS and MCS, however, all nanostores together 
become a very strong sales channel despite their individual weaknesses and low 
survival rate, representing 40-70% of the market share of the consumer-packaged 
goods companies (CPG’s). Having a better understanding of the evolution of these 
channels is vital for enhancing the supply chain and logistics of groceries, basic 
foods and everyday items in a megacity.  
 
1.2 Problem Statement and Context 
 
Between 2010 and 2019, the number of MCS, CCS and nanostores increased 
significantly. In the case of MCS and CCS it is unlikely that a store is closed after 
opening, while in the case of nanostores, which account for the vast majority, 
fluctuate in number due to the low survival rate and to the easiness of opening a new 
one, creating a complex fragmented market, caused by the interaction between 
different types of stores and various purchasing behaviors. Fragmentation is a 
characteristic of the supply to nanostores, which is relevant to address because 
nanostores will continue to increase in number (Fransoo et al., 2017). In this context, 
supply chain operations are highly inefficient for the stakeholders of the supply chain, 
increasing the logistics costs.  

The costs associated to the transportation, handling and inventory are known as 
logistics costs. These costs fluctuate depending on the demand, distance, 
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distribution time and shipping frequency. A field study conducted in Mexico City in 
2018, showed the different cost-drivers for a grocery supplier, that were affected by 
new nanostores (i.e. customers that are served for the first-time) and old nanostores 
(i.e. customers that have been served at least twice). After estimating the logistic 
costs to serve nanostores in different months, the study concluded that the cost of 
transportation increased within a range of 6% to 31% as well as the logistics costs 
within a range of 2% to 28% to serve new nanostores as compared to serving old 
nanostores (Castañon et al., 2018). 
 
Mexico City at a glance 
 
Mexico City is the capital city of Mexico and the most populous in the country housing 
8.85 million people. It is divided into 16 municipalities as shown in Figure 1. The 
municipalities are composed by hundreds of neighborhoods. 

Figure 1. Population per municipality in Mexico City (2019) 

 
 
To the north of the city, Azcapotzalco and Gustavo A. Madero municipalities have 
important industrial centers and neighborhoods that range from established middle-
class neighborhoods such as Claveria and Lindavista to huge low-income housing 
areas that share hillsides with adjacent municipalities in the State of Mexico. In 
recent years, much of northern Mexico City's industry has moved to nearby 
municipalities in the State of Mexico. The Historic Center, in the borough of 
Cuauhtémoc, is the oldest part of the city. In addition, downtown neighborhoods such 
as Santa María la Ribera and San Rafael are the latest neighborhoods seeing the 
first signs of gentrification. To the west, along Paseo de la Reforma avenue are many 
of the city's wealthiest neighborhoods such as Polanco, Lomas de Chapultepec, 
Bosques de las Lomas and Santa Fe which are also the city's areas with higher 
socio-economic level (SEL). This area houses corporate headquarters, skyscrapers 
and numerous shopping malls. Nevertheless, some areas of lower-income 
neighborhoods are right next to high-income neighborhoods, particularly in the case 
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of Santa Fe, setting a landscape of considerable disparities. The south of the city is 
home to some other high-income neighborhoods such as Colonia del Valle and 
Jardines del Pedregal and the formerly separate colonial towns of Coyoacán, San 
Ángel, and San Jerónimo. The far-southern municipalities of Xochimilco and Tláhuac 
have a significant rural population, with Milpa Alta being entirely rural. East of the 
center are mostly lower-income areas with some middle-class neighborhoods such 
as Jardín Balbuena. As depicted in Figure 2, the population per municipality in 
Mexico City will not have significant variations in the upcoming years, and Mexico 
City will continue being a megacity. The urban sprawl continues further east for many 
miles into the State of Mexico, including Ciudad Nezahualcoyotl, now increasingly 
middle-class, but once full of informal settlements. Such slums are still found on the 
eastern edges of the metropolitan area in the Chalco area.  
 

Figure 2. Population per municipality in Mexico City (2015-2030) 
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Megacities 

 
Mexico City is a megacity. Megacities are high-density conurbations due to the 
attractiveness of their economic, social diversity, educational and political activities, 
becoming fertile locations for businesses due to their high concentration of 
opportunities and wealth. In the case of Mexico City, it establishes a socio-
demographic differentiation featuring segregation, concentrating elite groups in 
highly concentrated specific zones and middle and working classes scattered in the 
urban spaces (Aguilar and Mateos, 2011). These areas shape a unique urban 
environment, setting up the conditions for the presence of thousands of GR stores 
of different types that cover every corner of the megacity, offering groceries and 
everyday items to neighbors. However, it is uncertain where, when and which type 
of store is going to open or close, which is very costly from a supply chain 
perspective.  
 
Moreover, by 2008, the proportion of inhabitants living in cities worldwide became 
equal to the rural population, according to the United Nations (UN). Fast rural-urban 
migration in the pursuit of opportunities are forming territorial sprawls that overwhelm 
the capacity of urban-planning, overcrowding, congesting transportation, public 
convenience systems, depleting resources and deteriorating the quality of life and 
local economic activities, triggering income inequality. These conditions set up 
unprecedented income disparities, as stated (Fransoo et al., 2017). By 2030, the UN 
predicts that 68% of the world’s population will live in urban areas and the number 
of megacities will grow significantly, housing an estimated of 8.7% of the global 
population.  
 
1.3 Research Questions 
 
Consequently, the following research questions (RQ) are defined: 
 

• RQ1. How is the grocery retail landscape configured in a megacity in 
emerging markets where customers from various socioeconomic levels 
coinhabit? 
 

• RQ2. How is the long-term behavior of the interaction between MCS, CCS, 
and nanostores under economic shocks? 
 

The hypotheses for these questions are presented in the following section. 
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1.4 Hypotheses 
 
 

• H1. Nanostores, MCS, and CCS coexist under the conditions of a megacity 
in emerging markets like Mexico City regardless of the socioeconomic levels 
that coinhabit urban areas.   
 

• H2. Under an economic shock, nanostores act as shock absorbers for the 
grocery retail sector, presenting higher signal frequencies than CCS or MCS, 
until the energy of the shock is dissipated, and the market stabilizes.   
 

It is worth mentioning that in Chapter 2 contentions from the literature are tested, 
and in Chapter 3 chapter conjectures (C.C) are tested to facilitate the understanding 
of the grocery retail landscape in a megacity.  
 
 
1.4 Objectives 
 
The main objective of this research is to have a better understanding of the evolution 
of the grocery retail landscape in a megacity in emerging markets, the case of Mexico 
City.  
 
The specific objectives of this research are:  
 

• To conduct a comprehensive spatial statistical analysis of the grocery retail 
landscape of Mexico City to have a better understanding of the evolution of 
the GR channels over the past ten years.  
 

• To develop the taxonomy of the grocery retail stores for Mexico City.  
 

• To develop a physical mathematical model inspired in a tuned mass-spring-
damper (TMSD) system with three degrees of freedom and three masses, 
that simplifies the understating of the long-term behavior and interaction of 
the MCS, CCS and nanostores under economic shocks.  

 
1.5 Scope and Limitations 
 
The scope and some limitations of this work are as follows: 
 

1. A spatial statistical study for Mexico City. To conduct this study, secondary 
data was gathered from several official databases, such as the Mexican 
national statistical directory of economic units (DENUE, for its acronym in 
Spanish) and from the Mexican institute of statistics (INEGI, for its acronym 
in Spanish) which have historical data for the period between 2010 and 2019. 
The study focused on Mexico City and its 16 municipalities. The spatial 
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analyses were developed using Tableau2019.2 and the statistical analyses 
were conducted using Minitab18.  
 

2. The taxonomy of the grocery retail stores in Mexico City. To develop this 
classification, primary data collection was collected in the field with the help 
of 60+ analysts from Monterrey Tech during a short period of time (2 weeks). 
The observed areas were selected by the analysts, giving them flexibility to 
work in the field, ensuring their safety.   
 

3. A tuned mass-spring-damper (TMSD) system to model the evolution of retail 
in emerging markets. A case study in Mexico City. To parametrize this model, 
secondary data from several official databases, such as (DENUE) and 
(INEGI) were fetched and cleansed for the period of time between 2010 and 
2019. To build the model and solve for various scenarios, the Simscape 
toolbox from MATLAB-R2020a was used, and to animate the model, the 
SimPHY software was employed.  

 
In addition, this dissertation focuses on the following physical retail channels: MCS, 
CCS and nanostores and, does not consider traditional markets such as the “central 
de abastos”, “mi mercado” or itinerating markets as “tianguis”, nor the online 
channel.  
 
1.6 Methodology 
 
The purpose of this research project is to study the evolution of the grocery retail 
landscape in a megacity in emerging markets, the case of Mexico City. The solution 
methodology consists of three main studies: a) a spatial statistical analysis for 
Mexico City, b) the taxonomy of grocery retail stores in Mexico City and, c) a mass-
spring-damper system to model the evolution of retail in emerging markets. A case 
study in Mexico City. The main features of each one of the studies are as follows:  
  

a) A spatial statistical study for Mexico City. Official data from the Mexican 
national statistical directory of economic units (DENUE) and from the Mexican 
institute of statistics (INEGI) was fetched and cleansed to obtain information 
about the openings of nanostores, CCS and MCS, and demographic 
information over the past ten years in Mexico City. Afterwards, a spatial 
analysis was developed in order to facilitate a better understanding of the 
evolution of the grocery retail landscape through the geolocation of the stores, 
and then, statistical analyses were conducted to validate the first hypothesis 
of this work and related contentions from literature. 

 
b) The taxonomy of grocery retail stores in Mexico City.  An empirical study was 

conducted in Mexico City to obtain primary data from the different types of 
grocery retail stores. Afterwards, statistical analyses were conducted to have 
a better understanding of the observable characteristics that differentiate 
them.  Next, based on the findings from previous studies and inspired by the 
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Linnaean system, the grocery retail stores were classified into the taxonomy 
of grocery retail stores in Mexico City.  
 

 
c) A mass-spring-damper system to model the evolution of retail in emerging 

markets. A case study in Mexico City. A physical mathematical archetype was 
used to model the evolution of the grocery retail stores in a megacity in 
emerging markets. The model, inspired by nature, is a tuned mass-spring-
damper system with three masses and three degrees of freedom that enables 
the modelling of the long-term behavior of the number of grocery retail stores 
studied in this work (nanostores, CCS and MCS). The parameters for the 
model were estimated based on statistical evidence. The model was adjusted 
based on the behavior of the market during the past ten years in Mexico City. 
The model reflects how economic shocks could affect each GR channel.  

 
 
1.7 Main Contributions 
 

The main contribution of this work is three-fold: 1) a comprehensive spatial statistical 
analysis is developed in order to facilitate a better understanding of the evolution of 
the grocery retail landscape in a megacity in emerging markets. The main finding of 
this study is to show statistical evidence about the coexistence of nanostores, CCS 
and MCS, despite the socioeconomic level of the inhabitants per urban area. 2) an 
empirical study was conducted to collect primary data from the grocery retail stores 
in Mexico City and through an extensive literature review and statistical analyses, 
the taxonomy of grocery retail stores in Mexico City is proposed – a taxonomy that, 
as far as can be explored, is the first of its kind for a megacity in emerging markets. 
3) a physical mathematical model inspired by natural phenomena that models the 
behavior of the number of grocery retail stores under the presence of an economic 
shock over a long period of time.  
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1.8 Dissertation Organization 
 
The structure of the work is organized as follows:  
 
Chapter 1. The introduction is composed of the motivation, problem statement and 
context, research questions, hypotheses, objectives scope and limitations, 
methodology, main contribution and the dissertation organization.  
 
Chapter 2.  Provides a spatial statistical study for Mexico City. Internally the chapter 
is composed of an introduction, literature review, methodology, results and 
discussion and, conclusions and future research.  
 
Chapter 3. Designs the taxonomy of the grocery retail store for Mexico City. Internally 
the chapter is composed of an introduction, literature review, methodology, results 
and discussion and, conclusions and future research.   
 
Chapter 4. Develops a mass-spring-damper system to model the evolution of retail 
in emerging markets. Internally the chapter is composed of an introduction, literature 
review, methodology, results and discussion and, conclusions and future research.   
 
Chapter 5. Presents the general conclusions, managerial insights and future 
research of this dissertation.  
 
Finally, the last part includes all references to the literature included throughout the 
dissertation.  
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Chapter 2  
 

The coexistence of nanostores within the retail landscape. A spatial 
statistical study for Mexico City 
 
 

3.1 Introduction 
 
The fast growth of chain convenience stores (CCS) in the past ten years and the 
financial stability of modern channel stores (MCS) have triggered speculation 
regarding whether nanostores are going to disappear or if they will endure. Previous 
studies suggest that nanostores are more likely to be attached to middle- and low-
class income consumers in emerging markets. A comprehensive spatial statistical 
analysis was conducted in order to validate the hypotheses from the literature. 
Official data was used, from more than 3 million records for Mexico City 
characterized by grocery stores, Zip Codes, business name, number of employees, 
type of settlement, population per socioeconomic level, geolocation, among others. 
The results show that some of the hypotheses from previous studies of this topic 
hold under specific conditions. For example, the value on the literature is extended 
by showing evidence that High and Medium high-class income consumers are also 
attached to nanostores. It also presents evidence of the proximity of nanostores to 
consumers regardless of the socio-economic level. The main finding is that 
nanostores, MCS and CCS coexist under the conditions of a megacity in emerging 
markets like Mexico City regardless of the socioeconomic levels that coinhabit urban 
areas. Finally, the study details the logistics and managerial implications of the 
findings. 
 
3.2 Literature Review 
 
Megacities shape a unique urban environment, setting up the conditions for the 
presence of thousands of grocery retail (GR) stores of different types that cover 
every corner of the megacity, offering groceries and everyday items to neighbors. In 
this work, the ecosystem of the MCS, CCS and nanostores is extensively studied in 
a megacity in the developing world. The MCS, are grocery retailers that rely on high 
volumes and quick stock turnover to reach the economies of scale, like supermarkets 
and wholesalers. The CCS are retail business that stocks a range of everyday items 
such as groceries, snack foods, candy, toiletries, soft drinks, tobacco products, 
magazines and newspapers (Hervert-Escobar et al., 2016). Nanostores are 
traditional grocery retail stores, family-operated, independent and non-organized, 
mostly with less than 100𝐦𝟐 commercial space (Fransoo et al., 2017).  
 
As a further matter, in emerging markets like Mexico City, the socio-demographic 
differentiation presents an urban environment very different from cities in developed 
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countries. Nanostores located handily within residential neighborhoods, providing 
convenience for daily shopping, and with the facility of credit purchasing, loyalty to 
the channel remains high. Nanostores cover the vast majority of Mexico City, 
including urban, suburban and rural areas as shown in Figure 3. 

Figure 3. Cumulative openings of MCS, CCS, Nanostores in Mexico City (2010-2019) 

 
 

In this context, nanostores offer unique value to a local economy, because they are 
the source of groceries for inhabitants that cannot afford purchasing in a 
hypermarket or supermarket. During the past two decades several studies have 
been conducted, as shown in Table 1, to understand the evolution of the grocery 
retail businesses, mostly in emerging markets. These works portray the relevance 
of the matter, as well as identify the factors why traditional stores endure despite the 
fast growth of modern retail. In addition, these studies rely on interviews, surveys 
and focus groups.  
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Table 1. Studies that have been conducted to understand the evolution of grocery retail (2001-2019) 
Study Year Country Sample size and type 

Hypermarkets versus traditional retail stores 
consumers' and retailers' perspectives in 
Braga: a case study 

2001 Portugal Interviews (50 respondents)  
Focus groups (4) 

Supermarkets vs. traditional retail stores: 
diagnosing the barriers to 
supermarkets’ market share growth in an 
ethnic minority community 

2005 Israel Survey (511 respondents) 

Why small retailers endure in Latin America 2006 Argentina 
Focus group (208 participants) 
Store checks (217) 
Interviews (190) 

‘‘Without tiendas it’s a dead neighborhood’’: 
The socio-economic 
importance of small trade stores in 
Cochabamba, Bolivia 

2008 Bolivia Interviews (60 respondents) 

Small versus large retail stores in an 
emerging market—Mexico 2009 Mexico 

 Survey (981 respondents) 

Shoppers' reactions to modern food retailing 
systems in an emerging country: the case of 
Morocco 

2011 Morocco 
Behavioral in-stores observations (17 
hours) 
Interviews (16 respondents) 

Understanding the fragmented demand for 
transportation – Small 
traditional retailers in emerging markets 

2019 Morocco Survey (333 respondents) 

 
As a consequence, one of the objectives of this work is to conduct a comprehensive 
spatial and statistical analysis to validate hypotheses from the literature by using 
data from more than 3 million records for Mexico City including all the Zip Codes, 
characterization of the stores, business name, number of employees, type of 
settlement, population per socio-economic level (SEL), and geolocation, among 
others. 
 
Grocery Retail contentions from Literature 
 
C1. “The upper and middle classes are more likely to welcome new sale formats 
(modern retailing).” Amine and Lazzaoui (2011)  
 
C2. “Large segments of the population in developing countries – mostly the low- and 
lower-middle class – remain attached to nanostores in their neighborhood.” 
Boulaksil, Y., Fransoo, J. C., Blanco, E. E., & Koubida, S. (2019) 
 
C3. “Location is a compelling proposition of small retailers to emerging consumers, 
many of who overwhelmingly make small daily purchases. The physical proximity of 
stores to where they live and/or work, translates into significantly lower “total 
purchasing cost”.” D'Andrea, G., Lopez-Aleman, B., & Stengel, A. (2006). 
 
C4. “However, the pricing in the modern convenience channel is usually targeted at 
the middle-class consumers, and only competes to a limited extent with the 
traditional channel.”  Blanco, E., & Fransoo, J. (2013). 
 
C5. “In fact, the evidence shows that smaller scale retailers fit the needs of emerging 
consumers quite well.” D'Andrea, G., Lopez-Aleman, B., & Stengel, A. (2006). 
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C6. “One viewpoint is that modern retail will be initially embraced by the rich upper 
middle class, and the lower classes will follow.” Narayan, V., Rao, V. R., & Sudhir, 
K. (2015). 
 
C7. “the dominance of small retailers in São Paulo is striking. However, large 
supermarkets and other stores with more sophisticated management (e.g., gas 
stations owned by multinational petrochemical firms) coexist with the small retail 
sector.” Lenartowicz, T., & Balasubramanian, S. (2009). 
 
Inspired by the contentions previously stated, the following hypothesis is to be 
tested:  
 
H1. Nanostores, MCS and CCS coexist under the conditions of a megacity in 
emerging markets like Mexico City regardless of the socioeconomic levels that 
coinhabit urban areas.   
 
3.3 Methodology 
 
The procedure followed to perform this study included the following steps: a) 
conducting a literature review to identify relevant contentions from previous studies 
and findings related to the GR landscape b) secondary data collection from official 
sources c) cleansing of data to perform statistical analyses d) obtaining findings and 
insights for decision makers.  
 
The GR landscape was examined through spatial and statistical analyses, such as 
pairwise comparisons for One-Way analysis of variance (ANOVA), interaction plots 
and interval plots. Official data from the Mexican national statistical directory of 
economic units (DENUE) was fetched to obtain the number of openings of 
nanostores CSS and MCS over time in Mexico City’s municipalities. The economic 
activities 461, 462 and 431 were selected, which correspond in their classification to 
small grocery stores (nanostores), self-service stores (CCS) and large grocery 
stores (MCS) correspondently. The data collection from DENUE with respect to 
these activities exist from 2010 until 2019. It is worth mentioning that during 2014 
there was no data collection reported by INEGI and the reasons are unknown. More 
data were retrieved from (INEGI), the social development index per Zip Code in 
Mexico City (2010), the national income and expenditure survey (ENIGH, for its 
acronym in Spanish) from 2016 and the economic census of 2014. Afterwards, data 
cleansing was performed to create several datasets enabling the development of the 
spatial analyses that facilitated the understanding of the geolocation of the different 
types of stores within the city as depicted in Figure 1. Also, after merging several 
databases it was possible to illustrate the coexistence of MCS, CCS and nanostores 
regardless of the SEL as presented in Figure 4.  
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Figure 4. Openings of MCS, CCS, Nanostores in Mexico City per SEL (2010-2019) 

 

Subsequently, a dataset to conduct statistical analyses was created in order to 
validate related contentions from literature. Table 2 provides information regarding 
the variables and description. This dataset consists of all the Zip Codes of Mexico 
City. Some of the Zip Codes were removed due to a lack of population (e.g. airports, 
parks, restricted areas), keeping a sample size of 906 observations (90% of the 
universe).  

Table 2. Dependent and Independent variables and descriptions 

Group Variable Description 

Population per SEL 

Pop. H Discrete variable. Number of High SEL inhabitants per Zip Code 

Pop. MH Discrete variable. Number of Medium-high SEL inhabitants per Zip Code 

Pop. ML Discrete variable. Number of Medium-low SEL inhabitants per Zip Code 

Pop. L Discrete variable. Number of High SEL inhabitants per Zip Code 

Ratios of CCS per 
SEL 

R. CCS/Pop. H Continuous variable. Ratio between CCS and Pop. High 

R. CCS/Pop. MH Continuous variable. Ratio between CCS and Pop. Medium-high 

R. CCS/Pop. ML Continuous variable. Ratio between CCS and Pop. Medium-low 

R. CCS/Pop. L Continuous variable. Ratio between CCS and Pop. Low 

Ratios of MCS per 
SEL 

R. MCS/Pop. H Continuous variable. Ratio between MCS and Pop. High 

R. MCS/Pop. MH Continuous variable. Ratio between MCS and Pop. Medium-high 

R. MCS/Pop. ML Continuous variable. Ratio between MCS and Pop. Medium-low 

R. MCS/Pop. L Continuous variable. Ratio between MCS and Pop. Low 

Ratios of nanostores 
per SEL 

R. NANO/Pop. H Continuous variable. Ratio between NANO and Pop. High 

R. NANO/Pop. MH Continuous variable. Ratio between NANO and Pop. Medium-high 

R. NANO/Pop. ML Continuous variable. Ratio between NANO and Pop. Medium-low 

R. NANO/Pop. L Continuous variable. Ratio between NANO and Pop. Low 

Ratio of the number 
of stores per square 

kilometer 

R. CCS/Area Continuous variable. Ratio between CCS and Area (km2) 

R. MCS/Area Continuous variable. Ratio between MCS and Area (km2) 

R. NANO/Area Continuous variable. Ratio between NANO and Area (km2) 

Binary variable to 
show the presence 

or not of a SEL 

Bin. H Binary variable. Nominal scale (two categories): "Presence of High SEL 
population" = 1 to "No presence of High SEL population" = 0  

Bin. MH Binary variable. Nominal scale (two categories): "Presence of Medium-high 
SEL population" = 1 to "No presence of Medium-high SEL population" = 0  

Bin. ML Binary variable. Nominal scale (two categories): "Presence of Medium-low 
SEL population" = 1 to "No presence of  Medium-low SEL population" = 0  

Bin. L Binary variable. Nominal scale (two categories): "Presence of Low SEL 
population" = 1 to "No presence of Low SEL population" = 0  
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3.4 Results and discussion 
 
In this section, the results of the statistical analyses are presented. To have statistical 
validity of the tests, the observations were sampled randomly and independently of 
each other and, the sample size was of 90% of the megacity’s Zip Codes.  First, 
Contention 1 and 6 (C1, C6) were tested. C1 states that the High and Middle-high 
populations are more likely to welcome MCS, and C6 indicates that MCS are initially 
accepted by the High and Medium-high SEL, and then the lower SEL will follow. Both 
contentions were tested using an Interval Plot to compare the confidence intervals 
of the means of groups (ratio between MCS and each SEL) with a 95% confidence 
interval for the mean of each group as presented in Figure 5. As the intervals for the 
means of Pop. H, Pop. MH and Pop. L overlap, the population means may be 
statistically significant, suggesting that there is no statistical difference with respect 
to the penetration of MCS in High, Middle-high, Middle-Low and Low classes. 
Nonetheless, the Interval Plot depicts that the confidence intervals of the means of 
High and Medium-high are greater than the Medium-Low and Low means, implying 
that MCS are more likely to be accepted by High and Medium-high SEL and then 
followed by lower SEL, thus C6 may hold for Mexico City.  

Figure 5. Interval Plot for MCS per SEL 

 
 
In addition, the previous procedure was repeated for nanostores, as presented in 
Figure 6 to test Contentions 2 and 5 (C2, C5). C2 mentions that Medium-Low and 
Low SEL remain attached to nanostores in their neighborhood and C5 states that 
nanostores fit the needs of these SEL. In this test, there was no statistical difference 
with respect to the existence of nanostores regardless of the population per SEL, 
suggesting that consumers will choose a store type because it meets their functional 
needs (Paswan, A., et. al. 2010) regardless of their SEL.  
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Figure 6. Interval Plot for nanostores per SEL 

 
 
Furthermore, an interaction Plot was used to show the relationship between each 
one of the categorical factors (Bin. H, Bin, MH, Bin.ML, Bin.L) and a continuous 
response (NANO), and their dependence on the value of a second categorical factor 
(Bin. H, Bin, MH, Bin.ML, Bin.L) as shown in Figure 7. It is worth mentioning that in 
Mexico City it is common to find two or three SEL cohabiting in the same Zip Code. 
That is why it was decided to use an Interaction Plot to display the means for the 
levels of one factor on the x-axis and a separate line for each level of another factor. 
In all the cases, the mean of nanostores is above 50, implying that despite the social 
outline of an area, nanostores will have presence. Moreover, the mean of nanostores 
in the presence of Medium-high, Medium-low and Low populations increases 
significantly because they have a strong interaction, while in the case of the 
presence of High SEL populations it remains still. Thus, C2 holds for the conditions 
of Mexico City.  

Figure 7. Interaction Plot for Nanostores in the presence of population of each socioeconomic level 
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For testing Contention 3 (C3), which states that the physical proximity of nanostores 
is a completing proposition to facilitate the frequency of purchases, were calculated 
the ratios count of each type of GR stores to the area of each Zip Code, to obtain a 
continuous measure of the density of stores per area, as a way to estimate proximity. 
A Tukey's multiple comparison test was used to determine which means amongst a 
set of means of the ratios differ from the rest. First, a one-way ANOVA was 
conducted to evaluate whether there was any evidence that the means of the 
populations differ and, as shown in Table 4, the mean of NANO/Area (202) differ 
significantly to the CCS/Area (3.2) and MCS/Area (0.8) means.  

Table 3. One-way ANOVA for the comparison of means of the ratios of store per area 

Source DF SS MS F P 

Factor 2 24154473 12077236 130.86 0.000 

Error 2715 250575113 92293       

Total 2717 274729586          

 
Table 4. Group information of the ratios of store per area using the Tukey method and 95% 

confidence 

Factor  N Mean Grouping 

R. NANO/Area  906 202.0 A    

R. CCS/Area  906 3.229    B 

R. MCS/Area  906 0.8282    B 

 
Therefore, the physical proximity of nanostores is significantly greater than the 
proximity of MCS or CCS to the households, implying that this condition facilitates 
the frequency of visits as one of the factors that is making nanostores endure despite 
the fast growth of modern retail.   

Figure 8. Interval Plot for the ratio of number of stores per type per square kilometer 
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Next, C4 was tested, which states that the pricing in the CCS is usually targeted to 
Medium SEL consumers, and they only compete to limited extent with the 
nanostores. Figure 9 presents an Interval Plot to compare the confidence intervals 
of the means of groups (ratio between CCS and each SEL) with a 95% confidence 
interval for the mean of each group. It can be observed that the population means 
may be statistically significant, suggesting that CCS are targeting all the SEL 
consumers by having presence in areas of different SEL.  

Figure 9. Interval Plot for CCS per SEL 

 
 
Moreover, to test hypothesis 1 (H1), a Tukey multiple comparison test was 
conducted to determine which means, from the ratio of stores per population, differ 
from the rest. As depicted in Figure 10, all the means include zero, which indicates 
that the differences are not statistically significant. Therefore, there is statistical 
evidence to conclude that H1 is true. Nanostores, MCS and CCS coexist under the 
conditions of a megacity in emerging markets like Mexico City regardless of the 
socioeconomic levels that coinhabit urban areas. Consequently, the statistical 
evidence suggests that C7 holds under the conditions of Mexico City.  

Figure 10. Tukey simultaneous test with 95% confidence interval 
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3.5 Conclusions and future research 
 

A comprehensive spatial and statistical analysis was conducted to have a better 
understanding of the evolution of the GR landscape in a megacity in emerging 
markets such as Mexico City. The statistical evidence observed in this study 
suggests that regardless of the modernization of retail and the fast growth of CCS, 
nanostores will endure and most important, coexist with MCS and CCS.  

The observed results show statistical evidence that not only the middle- and low-
income class consumers in emerging markets are attached to nanostores, but high- 
and medium-high income classes as well. This finding has important logistics and 
managerial implications for reorganizing the transportation of goods to serve this 
fragmented market. This also creates awareness for distributors to implement a 
better fleet assignment to avoid the unnecessary presence of freight vehicles in 
certain areas of the city that lack of available space for loading and unloading.  

Furthermore, the study provides statistical evidence that MCS are much more 
targeted to high and medium-high SEL areas, making the travel distance to low SEL 
populations more costly, causing a slowdown in the diffusion of MCS among low 
SEL zones, and the physical proximity of nanostores is significantly greater than the 
proximity of MCS or CCS to the households, facilitating the frequency of visits as 
one of the factors that is making nanostores endure despite the fast growth of 
modern retail, implying that consumers will choose a store type because it meets 
their functional needs regardless of their SEL. For instance, during an economic 
crisis, consumers buy less but with more frequency (McKenzie et al., 2006). 

Concerning future investigation, further analysis with respect to the influence of 
transportation networks on the location of GR stores is recommended, as nanostores 
cover almost every street of the megacity, while MCS and CCS locate their facilities 
on avenues and other main roads. This insight creates awareness for distributors to 
implement a better fleet assignment to avoid unnecessary presence of freight 
vehicles in certain areas of the city that lack parking spaces, and motivates the 
understanding of physical characteristics that differentiate the grocery retail sector 
such as if the stores offer parking spaces, their trading hours, and location or site 
election (e.g. street, corner, gas station or block), among others, to make informed 
decisions.  

The study covered in this chapter motivates the need of a categorization of stores 
that facilitates the decision-making process for policymakers and for the 
stakeholders of the grocery supply chain. This classification is discussed in the next 
chapter.  
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Chapter 3 
 

The taxonomy of grocery retail stores in Mexico City 
 
3.1 Introduction  
 
The Mexican consumer has diverse reasons for preferring different store formats, 
either modern channel stores (MCS) such as hypermarkets like Walmart, 
convenience chain stores (CCS) such as 7 Eleven stores, or nanostores. In Chapter 
2 was presented the evolution of the GR landscape in a megacity in emerging 
markets, specifically the case of Mexico City. Through a comprehensive spatial and 
statistical analysis, it was observed that despite the modernization of grocery retail 
and the rapid growth of MCS and CCS channels, nanostores will prevail and coexist 
with them, and also that consumers will select a store that meets their functional 
needs regardless of their socio-economic level (SEL). Thus, this chapter aims at 
identifying characteristics that differentiate these channels to better understand their 
competitive advantages, and the motivation is to extend the existing literature by 
providing more accurate insights into the classification of those stores based on 
observable physical characteristics that facilitate the decision making process for 
policymakers and for the stakeholders of the value chain, especially for the 
consumers when selecting a store.  

Those attributes are if the stores offer parking spaces and for whom, trading hours, 
site election (e.g. street, corner, gas station or block), among others. To do so, an 
empirical study was conducted – the study includes a) literature review to identify 
relevant gaps, hypotheses and findings related to the grocery retail (GR) landscape 
to define research questions b) building and preparing the instrument to collect data 
in the field and the training of the analysts c) cleansing of data to perform statistical 
analyses d) getting findings and insights for decision makers to propose data-driven 
strategies and policymaking. The study shows evidence of operational and physical 
characteristics that enable a more detailed classification of the stores, and relevant 
findings such as the costly perception trap for low SEL consumers based on the 
differences of store-image and the site election.  

To conclude, the chapter presents the taxonomy of the grocery retail stores in 
Mexico City. 
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3.2. Literature Review 
 
The grocery retail industry in Mexico City has evolved rapidly in the past ten years 
due to the coexistence of different channels that have adapted their stores to the 
requirements of the consumers. It has been previously, but briefly discussed, the 
differences between nanostores also known as traditional stores, modern channel 
stores (MCS) and convenience chain stores (CCS), nonetheless there is one 
characteristic that nowadays most of them have in common, which is the self-service 
format.  
  
In 1916, almost a century ago, the self-service format in grocery retailing was 
pioneered by Piggly Wiggly in the United States. Later, in 1929 through the Great 
Depression crisis, one technological innovation changed the industry forever: 
cellophane. This novelty revolutionized the industry, because it was affordable, 
transparent and freshness-preserving, allowing shopkeepers to standardize 
individually packed sizes of dry goods such as flour, grains and coffee (Basker et al., 
2018). Two decades later, in the 1950s the “combination” grocery stores appeared, 
offering fresh food, meat and dry goods at the same store for the first time, 
foreshadowing the appearance of MCS and CCS, and consolidating the adoption of 
the self-service format, which was early adopted in Mexico in 1946 with the 
establishment of the first MCS brand “Sumesa” in Mexico City and with the opening 
of “OXXO” convenience stores in Monterrey in 1976.  
 
Since then and up to date, MCS and CCS have grown significantly in Mexico City, 
but remain small in number compared to the vast presence of the nanostores. 
Multinational companies like Walmart in the case of MCS or 7 Eleven in the case of 
CCS have expanded significantly in Mexico City, but still struggle to understand and 
manage the GR landscape that is dominated by nanostores (Lenartowicz & 
Balasubramanian, 2009). In related research, studies have been conducted to have 
a better understanding of why MCS and CCS in emerging markets have not been 
as adopted as in developed countries. One of the factors identified is the low labor 
cost of nanostores because most of them are family-owned and operated 
businesses, so nanostores pay low wages or do not have fixed salaries. In addition, 
most of those families own their storefronts, so they do not pay rent (Child et al., 
2015). Small retailers also save on many general expenses like security, cleaning 
services, or marketing expenditures, that can account from anywhere between 3.5 
and 10 percent of sales for a large chain retailer (D'Andrea et al., 2006). Energy 
costs are kept low since there are usually no air conditioners and very few freezers, 
and illumination is low. These conditions are major challenges for MCS and CCS 
when competing with nanostores despite their reputation of high productivity derived 
of standardization, better site election, lean inventory practices, vertical integration, 
and private labels (Basker et al., 2018).  
 
Moreover, another key obstacle for the MCS and CCS expansion in emerging 
markets is that CPG manufacturers enjoy high margins supplying to nanostores, who 
have very low negotiating leverage and pay upfront, while MCS and CCS business 
models focus on economies of scale and long-term payments. Therefore, CPG 
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manufacturers do not have much incentive to do business with MCS and CCS (Child 
et al., 2015). 
 
Furthermore, in a competitive market containing only unorganized retailers, the 
arrival of MCS and CCS injects efficiency into the market leading to a reduction in 
the number of unorganized retailers (Jerath et al., 2016) creating a negative 
perception from the nanostores’ shopkeepers when MCS and CCS enter the market 
(Farhangmehr et al., 2000) which is quite relevant in a market where nanostores 
represent 60% to 70% of the Latin American consumer packaged goods (Velázquez-
Martínez, 2016). Nonetheless, the majority of unorganized retailers surveyed in an 
emerging market like India in 2008, indicated their preference to continue in the 
business and to compete rather than exit, showing a competitive response by 
improving business practices and technology upgradation (Joseph, 2008). But given 
the relatively weak financial state of nanostores, and the physical space constraints, 
this channel will not be able to meet the growing demand for retail (Joseph, 2008). 
 
Therefore, these conditions have set a fragmented retail landscape in Mexico City, 
where it is common to find several store channels with different store formats 
competing fiercely for the same market. Those stores may vary in size, location, 
trading hours, store image, parking spaces, among other differentiators that are 
studied in this work. Previous studies have classified grocery stores in different 
categories as presented in Table 5. However, as depicted in the table, there is an 
absence of a unified version of the grocery stores categorization.  

Table 5. Categorization of grocery retail stores from previous studies 

Title Authors 
Studied 

country or 
region 

Store categorization 

Hypermarkets versus 
traditional retail stores — 
consumers’ and retailers’ 
perspectives in Braga: a 
case study 

Farhangmehr et al. (2001) Portugal 

Hypermarkets 
Supermarkets 
Specialized food stores 
Groceries 
Self-service stores 
Pure-food products 
Traditional 

The Roles of Channel-
Category Associations and 
Geodemographics in 
Channel Patronage 

Inman et al. (2004) USA 

Grocery stores 
Drugstores 
Megastores or supercenters (Kmart) 
Discount department stores (Walmart, 
Target) 
Warehouse club stores (e.g., Costco, 
Sam’s Club). 

Asymmetric competition in 
retail store formats: 
Evaluating 
inter- and intra-format 
spatial effects 

Gonzalez-Benito et al. (2005) Spain 
Supermarket 
Hypermarket 
Discount store 
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Supermarkets vs. 
traditional retail stores: 
diagnosing the barriers to 
supermarkets’ market 
share growth in an ethnic 
minority community 

Goldman & Hino H. (2005) Israel Supermarket (modern) 
Traditional 

Competitive strategies in 
retailing—an investigation 
of the applicability 
of Porter’s framework for 
food retailers 

Morschett, et al. (2006). 
Germany, 

Switzerland, 
Austria 

Hypermarket 
Discount stores / hard discounters 
Supermarket 
Grocery department store 

Database Paper—The IRI 
Marketing Data Set Bronnenberg et al. (2008) USA 

Grocery stores 
Mass merchants 
Drugstores 
 
Also mentioned in the paper:  
Club stores 
Convenience stores 
Dollar stores 
Drug stores 
Hard-home stores 
Mass merchants 
Pet stores 
Specialty stores 
Supercenters 
Toy stores 

Small versus large retail 
stores in an emerging 
market—Mexico 

Paswan et al. (2010) Mexico Small stores / Traditional stores 
Large stores 

Reaching 50 million 
nanostores: retail 
distribution in emerging 
megacities 

Fransoo et al. (2017) Emerging Markets 

Nanostores / Traditional / mom-and-pop 
stores 
Modern channel (e.g., supermarkets, 
hypermarkets, convenience stores) 

Retailer Categorization: 
How Store-Format Price 
Image Influences Expected 
Prices and Consumer 
Choices 

Koschmann & Isaac. (2018) USA 

Mass merchants 
Club stores 
Grocery stores 
Drugstores 
Specialty stores 
Convenience (not a part of the study, but 
was mentioned) 

 
Therefore, the categorization of grocery store formats for Mexico City offered in this 
chapter is based on the existing literature and on the observable functional needs 
that they offer to the consumers for store selection. Moreover, to develop a 
structured categorization, this work was inspired by the Linnaean system, which is 
the base of modern taxonomy, which classifies organisms from very general 
characteristics to very specific. The Linnaean system introduced the standard 
hierarchy of domain, kingdom, phylum, class, order, family, genus and species. The 
purpose of developing a taxonomy is to allow easy identification of the objects. In 
the GR context, the taxonomy simplifies and facilitates the decision-making process 
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of the stakeholders of the sector (Isaac and Schindler, 2014). For instance, the 
nanostores are classified as high frequency stores (Table 10), suggesting that the 
distributors should visit them more regularly than CCS or MCS.  
 
The starting point of the proposed GR taxonomy system starts with the domain, that 
in this case is the “tertiary sector”, which involves the provision of services to other 
businesses as well as final consumers, as depicted in Figure 11. The next level of 
classification is kingdom, that in this case is the “retail industry”, which includes all 
the retail businesses of the sector. Next is the phylum, that in this case is the “grocery 
retail sector”, that specifically accounts for the business that commercialize 
groceries.  
 
Subsequently, the next level is class, that in this case includes all the “grocery retail 
stores”, where the relevant characteristic is that there is a physical fixed store (not 
considering online grocery retail or mobile markets), where the classification is 
threefold: nanostores, modern channel stores (MCS) and convenience chain stores 
(CCS). The next level is order, that in this case is given by the “store format”. For 
CCS, it is proposed a classification in two formats: “corner CCS” and “street CCS”. 
The “corner CCS” are the CCS that are located in a street intersection (e.g. where 
two street meet) and the “street CCS” (e.g. mid-block stores). For nanostores, a 
classification in two formats is proposed: “self-service nanostores” (e.g. nanostores 
that allow serving oneself, for making purchases, usually with aisles and counter for 
checkout) and “interactive nanostores” (e.g. nanostores where there must be 
interaction with the shopkeeper to select and buy products). For MCS, an eight-point 
classification is proposed: “supermarket” (e.g. large retail store operated on a self-
service basis, selling groceries, fresh produce, meat, bakery and dairy products, and 
sometimes an assortment of nonfood goods), “hypermarket” (e.g. large store, usually 
a combination of supermarket and warehousing retailing that includes goods such 
as furniture, clothing, appliances, and other items), “discount store” (e.g. a medium-
size retail store that sells products at prices lower than those asked by traditional 
retail outlets), “grocery wholesaler” (e.g. a large retail store that that sells goods in 
large quantities at low prices, typically to a smaller retailer), “minimarket” (e.g. a small 
retail store that sells food and sometimes other goods, but is not as big as a 
supermarket), “membership-only warehouse” (e.g. a large retail stores that require 
customers to pay annual membership fees to shop in the store, that offers a wide 
variety of merchandise in large quantities or packs), and “dollar store” (e.g. a medium 
retail store selling a wide range of goods at low prices, typically one dollar or less). 
The next level is family, where the stores belong to a brand (e.g. Walmart, Chedraui, 
OXXO, 7 Eleven or brandless).  
 
The latter are classified in the next level, which is genus, that in this case is related 
to the “opening hours” of the store, which are classified in two: “always open” (e.g. 
24 hours) and “regular” (e.g. that have an opening and closing hour). Finally, a more 
granular classification is given based on specific characteristics. For instance, in the 
case of nanostores, which classified in two: “open” (e.g. nanostores where the 
customer can enter the store) or “barred window” (e.g. nanostores that serve 
customer through a barred window, usually for security, as shown in Figure 25).  
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Figure 11. Taxonomy model of grocery retail stores 

 
 
In addition to the taxonomy, the stores are ranked as high, medium or low for three 
dimensions previously discussed in the literature: 1) frequency, 2) pricing and 3) 
efficiency. These dimensions are presented below, stressing relevant insights from 
the literature and stating chapter conjectures (C.C) to be tested in this study. 
Consequently, and based on the contentions previously stated, the following 
hypothesis is tested:  
 
H2. Grocery retail stores can be classified depending on the store image, size, 
opening hours, and location, to facilitate the decision making from the stakeholders 
of the grocery supply chain and policymakers.  
 
Frequency 
 
In the GR context, the frequency is a metric that calculates the number of times a 
customer visits a store within a set time frame to make a purchase. For instance, 
perishable categories like fruits and vegetables need to be purchased more 
frequently than nonperishables and because MCS tends to be located farther than 
nanostores, consumers prefer to buy these categories at nanostores (Narayan et al., 
2015). However, it has been observed in the field that nanostores in Mexico City 
often do not offer fruits and vegetables. Moreover, consumers purchase frequently 
but in small quantities, various times per week as the need for a product arises (Child 
et al., 2015) in some cases because customers do not have enough purchasing 
power to buy larger amounts of groceries and stock them at home, or because they 
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do not have a vehicle to transport them. The latter suggests a reason why 
nanostores do not need to offer parking spaces to customers.  
 
Due to the coexistence of MCS, CCS and nanostores, a key trade-off of for the 
consumer’s choice is either purchasing frequently from close-by nanostores multiple 
times, or making fewer trips to purchase larger quantities from a MCS (Jerath et al., 
2016). Besides, MCS customers usually make a few shopping trips per month, often 
driving long distances, and purchasing large quantities of products at low prices, 
which they store at home and consume over an extended period of time (Jerath et 
al., 2016). This suggests that vehicle ownership is positively associated with modern 
retail choice (Narayan, et al., 2015). As the consumers’ transportation cost to the 
organized retailers increases, the market share of the unorganized retailing sector 
may increase as well (Jerath et al., 2016). 
 
Further, firms in developed economies or multinational brands that have penetrated 
emerging markets carefully decide where to locate retail stores. Two factors guide 
their decisions: high proximity to vehicular and pedestrian traffic and the absence of 
competitors (Lenartowicz, & Balasubramanian, 2009). Consequently, the following 
conjecture is proposed: 
 
C.C1. MCS and CCS offer more parking spaces than nanostores.   

 
Pricing  
 
One of the factors that GR channels use to have a higher market share is pricing. 
Each store format usually has a different pricing strategy, like promotional pricing or 
everyday low pricing. However, product prices change on a daily basis and due to 
the large product variety makes difficult for a customer to compare product prices 
along different store formats or channels. However, previous research has identified 
a relative expectation about the price of the products depending on the store-image. 
At a high-price store image, customers expect higher prices of products, whereas 
expect low prices when the store-format has a low-price store image. Moreover, 
customers associate a high-price store image with salient stores (Koschmann & 
Isaac, 2018). For instance, if a store is located in a street corner or intersection, the 
consumer expects higher prices than in a store located in the middle of a street. 
These insights are consistent with a study conducted in six Latin American countries, 
Argentina, Brazil, Chile, Colombia, Costa Rica and Mexico, where nanostores were 
perceived to be cheaper than MCS (D'Andrea et al., 2006). In this context, MCS and 
CCS are reputed to have standardized layouts and better site election (Basker et. al 
2018). Accordingly, the following conjectures are proposed:  
 
C.C2. MCS and CCS are more salient than nanostores.  

C.C3. Nanostores lack standardized store-image compared to MCS and CCS.  
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Efficiency  
 
Another factor that influences the shopping behavior of customers is efficiency. From 
the client’s perspective, efficiency is associated with the buying speed, which is 
related to the proximity of the store to the household, also to how easy it is for a 
customer to quickly find a product within the store and finally the checkout or 
payment process. Previous studies show that shopping at MCS or CCS may be 
associated with efficiency and better functional benefits for the customer (Paswan et 
al., 2010). Though, other studies show that nanostores can be surprisingly efficient 
despite their informality (D'Andrea et al., 2006).  
 
A customer may tend to buy more heavily at one type of GR store, perhaps because 
of proximity (Inman et al., 2004). In this context, nanostores can save residents 
whose time and transit fares are necessary for purchases (Coen et al., 2008), 
suggesting that customers will prefer nanostores because of a closer proximity to 
their households, avoiding vehicle utilization. However, other studies suggest that 
middle-class customers prefer MCS due to credit card acceptance and to a short 
store distance (Narayan et al., 2015). Besides, these customers have a higher 
vehicle ownership. The discussion of previous studies has paid attention to the 
relationship of proximity and vehicle ownership, but not to the offering of parking 
spaces for customers or suppliers. It is probable that customers with high vehicle 
ownership prefer CCS when making small purchases because of the parking 
spaces.  
 
Additionally, another factor that determines the efficiency of a purchase is the 
payment method and checkout process. Previous research shows evidence that 
nanostores are less technologically sophisticated and less likely to accept credit 
cards (Narayan et al., 2015). However, as nanostores’ shopkeepers often know the 
regular customers, usually provide customers the option to pay later (informal 
credits) for their shopping (Boulaksil et al., 2018). By contrast, MCS and CCS are 
the most sophisticated establishments of the GR sector (Lenartowicz & 
Balasubramanian, 2009). Therefore, the following conjecture is proposed:  
 
C.C4. Nanostores can serve customers faster than MCS or CCS because they are 
more efficient for check out.  

3.3 Methodology 
 
The procedure followed to perform this empirical study is shown in Figure 12 which 
includes: a) conducting a literature review to identify relevant gaps, hypotheses and 
findings related to the GR landscape to define research questions; b) building and 
preparing the instrument to collect data in the field and the training of the analysts c) 
cleansing of data to perform statistical analyses d) getting findings and insights for 
decision makers to propose data-driven strategies and policymaking.  
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Figure 12. Methodological framework 

 
 
An instrument was developed based on the literature review of the GR landscape. 
The instrument was divided in three surveys, that were uploaded into a data 
collection App developed by CARETECH called Insights-Data-Business Research. 
The surveys were established based on the recommendations for selective 
observation (Kawulich, 2005) which state that using a structured observation 
process maximizes the efficiency of the field experience by also minimizing the 
researcher bias, facilitating its replication, and altogether makes the findings more 
objective. However, to achieve this, it is crucial that there is an agreement between 
the researcher and the analysts. Thus, training sessions were conducted with the 
analysts, briefing them extensively about the research, the methodology and the 
usage of the data collection App. The analysts in this study were 60+ undergraduate 
students from the school of engineering of Tecnológico de Monterrey, from three 
campuses that are located in Mexico City and its metropolitan area. 
 
The surveys focused on observable physical characteristics of the MCS, CCS and 
nanostores in Mexico City to have a better understanding of the features that could 
enable the coexistence of them in the GR landscape in a megacity. The survey for 
nanostores was composed of 16 questions and for CCS and MCS of 10 questions 
each.  The geolocation of the stores in longitude and latitude was automatically 
calculated by the data collection App when registering a store. Most of the questions 
were categorical to facilitate the verification of the analysts of the characteristics of 
the stores, such as if they offered parking spaces and for whom, if the store was 
located in a corner, street, gas station or block (some MCS are so large that cover 
entire an entire block), the hours of operation, number of cash registers, and hours 
of operation, among other information.  
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As part of the instructions for the field study, the analysts were asked to cover an 
area of at least 300 x 300 meters and make a sweep to collect each one of the stores 
within each polygon. The data collection App also offers a functionality that allows 
analysts to see where observations have been previously made, so they were also 
asked to cover different areas, to avoid redundancy and to provide randomness. The 
latter instruction helped to conduct the study in 9 municipalities of Mexico City in a 
timeframe between February 22 and March 4 of 2020.   
 
Next, data cleansing was conducted to detect and correct inaccurate records and 
modify or delete them to attain high-quality data, considering accuracy, 
completeness of the dataset, consistency, uniformity and validity. The tools used to 
perform this process were Minitab18 and Tableau2019.2.  
 
3.4 Results and discussion 
 
The sample size collected in the field contained 450 observations scattered in 
Mexico City as shown in Figure 13, composed by 292 surveys to nanostores, 112 to 
CCS and 47 to MCS that correspond roughly to the 0.5% total GR stores in the city. 
In addition, the obtained sample accounted for 0.33% of the total nanostores, 5.6% 
of CCS and 9.4% of the MCS in Mexico City. The observations were sampled 
randomly and independently of each other to have statistical validity of the tests.  

Figure 13. Primary Data Collection in Mexico City (2020) 
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The analysts were asked to select and cover an area of at least 300 x 300 meters 
and collect each one of the stores within each polygon. When identifying a store, the 
analyst proceeded to register and select the type: nanostore, CCS or MCS. 
Depending on the previous selection, the data collection App displayed a specific 
survey, as shown in Appendix C, where some of the questions were repeated in the 
three surveys to facilitate the hypothesis testing and classification (e.g. Q1: Where 
is the store located?, Q2: Does the facade of the establishment have a sponsor?, 
Q4: The store offers parking for: suppliers, customers, does not have or a 
combination of suppliers and customers, Q6: How many cash registers the store 
have?, Q7: How many cash registers were operating?, Q10: Are there ATMs in the 
store?, Q11: Does the store have surveillance personnel?, Q12: How many access 
doors does the store have?, Q14: Does the store offer a toilet service to the public? 
and the opening and closing hours). 
 
Descriptive statistics and Hypothesis testing 
 
The bar chart presented in Figure 14, illustrates the offering of parking spaces for 
each one the studied channels. About 80% of the MCS offer some type of parking 
spaces, whether they are for customers, suppliers or both, whereas in the case of 
nanostores, 93% lack of a parking space. In the case of CCS, present almost the 
same percentage of parking spaces just for customers as MCS, however they differ 
significantly when comparing the combination of parking spaces for customers and 
suppliers. The latter is observed in MCS that are located in a “block”. Large stores 
often have separated parking spaces, facilitating the unloading of products to the 
store without interfering with the activities of the customers.  

Figure 14. Parking space offerings per channel 
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A Chi-Square test for association was conducted to test C.C1. Before conducting the 
test, the data from question 4 (Q4) were arranged per observation as shown in Table 
6.  

Table 6. Observations of the type of parking spaces offered by type of GR store 

Type of parking Customers Customers and 
Suppliers Suppliers Does not have 

NANO 15 6 1 270 

CCS 21 17 1 73 

MCS 8 27 3 9 

 

The results show statistical evidence that there are significant differences between 
the type of parking spaces offered by nanostores, CCS and MCS at the significance 
level of 0.05. Moreover, as depicted in Figure 15, MCS have significantly more 
expected values for the offering of parking spaces for customers and suppliers than 
nanostores or CCS. As observed, nanostores is the only channel that has more 
frequency of not offering parking spaces, which is consistent with the low expectancy 
for offering parking spaces of any kind. Consequently, (C.C1) is accepted. This 
evidence suggests that the contentions related to frequency of visits holds under the 
context of Mexico City.  

Figure 15. Percentage difference between observed and expected for type of parking spaces per GR 
channel (>0 means more expectancy comparted to the observed values) 

 
Furthermore, the bar chart presented in Figure 16 shows the location of nanostores, 
CCS and MCS in Mexico City. Nanostores are situated 33% in a corner or 
intersection, whereas CCS and MCS are located 69% and 26% in a corner. 
Moreover, 55% of the MCS have an entire block as site election due to the dimension 
of the stores, showing evidence that CCS and MCS are more salient than 
nanostores. Overall, the majority of nanostores are located in the street or mid-block 
and the only channel that has presence in gas station is the CCS.  
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Figure 16. Location of GR stores in Mexico City 

 
 

To test C.C2, a Chi-Square test for association was conducted. Before conducting 
the test, the data from question 1 (Q1) were arranged per observation as shown in 
Table 7, where the attribute of “block” was considered as “corner” for the MCS 
because a block has four corners.   

Table 7. Observations of the location per type of GR store 

Location Corner Street 

NANO 97 195 

CCS 77 32 

MCS 38 9 

 

The observed statistical evidence implies that there are significant differences 
between the site of location of nanostores, CCS and MCS at the significance level 
of 0.05. Figure 17 depicts how nanostores are less expected to be established in a 
corner, contrary to the CCS and MCS. As observed, the difference is substantial, 
having statistical evidence to accept (C.C2).  

This finding suggests that the consumers expect that buying at nanostores is 
cheaper than buying at CCS or MCS. However, consumers from low SEL in 
emerging megacities often pay more for their groceries due to the complexities to 
operate a small firm. Nanostore shopkeepers often charge a slightly higher price 
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point than CCS and MCS, and in some cases could be as high as 30%. The latter 
tend to happen when manufacturers rely on smaller package sized to be 
accommodated in limited storage space (Fransoo et al., 2017).  

Figure 17. Percentage difference between observed and expected for location per type of GR 
channel 

 
Furthermore, it could be observed from the field study that 51% of the nanostores 
displayed products outside of the store as depicted in Figure 18, which motivates the 
identification of the physical characteristics that may differentiate the store image of 
the GR channels.  

Figure 18. Illustration of a nanostore in Mexico City displaying products outside of the store 
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Another characteristic that can be observed from Figure 18 is that the store has a 
sponsor that invests in the store image. Often, CPG manufacturers offer nanostores 
shopkeepers the option of providing elements that enhance the image of the store 
in exchange for advertising their brand with their signage. In contrast, Figure 19 
shows a nanostore from Mexico City that lacks a sponsor. Nevertheless, both stores 
have point of purchase (POP) materials in their storefronts, such as promotions, 
displays, shelf talkers, wobblers, floor decals and glass/window decals, among 
others.  

Figure 19. Illustration of a nanostore in Mexico City without no image sponsor 

 
To test (C.C3), a Chi-Square test for association was conducted, to evaluate if 
nanostores lack standardized store-image compared to CCS and MCS. In this case, 
the results of question 2 (Q2) where arranged as binary variables, in which one (1) 
was assigned to “yes” and zero (0) to “no” if the façade of the establishment had a 
sponsor. The statistical evidence shown in Figure 20 suggests that nanostores lack 
of a standardized store-image, whereas CCS and MCS have standardized brands 
(e.g. OXXO, 7 Eleven, Walmart) not requiring the need of having a sponsor to 
enhance their store’s-image. This finding may be associated with the results from 
previous research, that identified a relative expectation about the price of the 
products depending on the store-image. At a high-price store image, customers 
expect higher prices of products, whereas expect low prices when the store-format 
has a low-price image. In this case nanostores are expected to offer lower prices 
than CCS and MCS, but as previously stated, is the opposite. The poorest 
consumers in emerging megacities often pay more for their groceries (Fransoo et 
al., 2017).  
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Figure 20. Percentage difference between observed and expected for branding per type of GR 
channel 

 
Next, the stores’ opening hours were examined, as another characteristic that could 
provide evidence of the differences of standardization between GR channels. It can 
be observed from Figure 21 that CCS have longer opening hours, presenting high 
skewness to the bottom for opening and to the top for closing times. In the case of 
nanostores, both boxplots, for open and close hours are widely spread even though 
the medians are similar to the ones for the MCS. The latter does not present outliers 
for closing times, and few for opening hours.  

Figure 21. Trading hours per type of store in Mexico City 
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To corroborate this statistically, a one-way ANOVA of the trading hours was 
conducted. To estimate the trading hours, the mean of the differences between open 
and close for each one of the channels was calculated. As presented in the interval 
plot of Figure 22, each channel has different opening hours, with the CCS being the 
channel that has longer opening hours accounting for a mean 18.6 with a confidence 
interval at 95% between (17.490, 19.710), followed by MCS with a mean of 13.8 with 
a confidence interval at 95% between (12.110, 15.522) and then by nanostores with 
a mean of 10.5 trading hours with a confidence interval at 95% between (9.848, 
11.318). This evidence suggests that nanostores are more efficient than CCS and 
MCS in terms of the trading time and the resources needed when having the store 
open.  

Figure 22. Interval Plot for the trading hours per type of GR channel 

 
Furthermore, it was tested whether nanostores can serve customers faster than 
MCS or CCS. The latter may be one of the decisive factors that affect purchasing 
behavior from consumers, assuming that as the nanostores are micro or small in 
space, customers can find products faster than in a CCS or MCS. To test (C.C4) the 
ratio between operating and available registers was calculated at the observed 
stores. The values of this ratio vary between zero and one, where one means that 
all the available registers are operating and zero that all the registers are idling. As 
depicted in Figure 23, nanostores have on average a higher ratio than CCS or MCS.  
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Figure 23. Ratio of operating/available registers per type of GR store 

 
To validate this statistically, a one-way ANOVA and a Tukey confidence comparison 
tests were performed at 95% of confidence, as shown in Table 8. It is observed that 
the ratios of CCS and MCS are significantly different to the ratio of nanostores. 
Moreover, it was found that the means and the confidence intervals for CCS and 
MCS are very similar, as presented in Table 9.  

Table 8. Group information of the ratios open/available registers using the Tukey method and 95% 
confidence 

Factor N Mean Grouping 

NANO Ratio Open/Available registers 292 0.8630 A    

CCS Ratio Open/Available registers 112 0.6339    B 

MCS Ratio Open/Available registers 47 0.6078    B 

 

Table 9. One-way ANOVA means, standard deviation and confidence intervals at 95% 

Factor N Mean SD 95% CI 

NANO Ratio Open/Available registers 292 0.8630 0.3185 (0.8291, 0.8969) 

CCS Ratio Open/Available registers 112 0.6339 0.2387 (0.5792, 0.6887) 

MCS Ratio Open/Available registers 47 0.6078 0.2588 (0.5233, 0.6923) 

 

Therefore, the observed statistical evidence indicates that nanostores serve 
customers faster than MCS or CCS because they are more efficient for check-out, 
suggesting that it is the preferred channel for buy-to-consume purchases. 
Nevertheless, most of the nanostores depend on cash payments, and very few have 
point of sale (POS) systems to facilitate the register of purchases for checkouts, as 
shown in Figure 24.  
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Figure 24. Internal characteristics of nanostores in Mexico City 

 
In addition, other physical characteristics were observed in the field to have a better 
understanding of the internal configuration of nanostores. From the sample of 292 
nanostores, it was observed that 282 have counters, 99 have alleys, 88 have security 
bars (as exemplified in Figure 25), 40 have surveillance cameras and 35 have a POS 
system. The fact that almost a third of the nanostores have aisles evidences the 
adoption of the self-service by nanostores, where the function of the shopkeeper has 
changed considerably, from fulfilling all the customers’ requirements directly, to 
becoming more a cashier at the counter. 

Figure 25. Illustration of a “Barred window” nanostore in Mexico City 
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Next, the classification of MCS in Mexico City was examined. The bar chart 
presented in Figure 26 illustrates the wide variety of types of store formats within the 
MCS channel. The sample represents 9.4% of the MCS in Mexico City, where 34% 
account for supermarkets, followed by 27.6% for discount stores and 23.4% for 
hypermarkets. The others account for roughly 15% of the rest of the MCS channel. 
During the past ten years, the grocery wholesalers (GW) have grown significantly in 
the city, representing 6.4% of the total of MCS. The latter has become an attractive 
distribution channel for nanostores, according to unstructured interviews conducted 
to nanostore shopkeepers in the field.  

Figure 26. Classification of MCS in Mexico City 

 
Moreover, the discount stores have an important share of the market, being the 
second largest MCS. This type of small- or medium-size store format is how the MCS 
has penetrated medium and low SEL, exhibiting the following characteristics: low 
prices, limited range of product assortment, low-cost store retrofits, and ultra-simple 
operations (Child et al. 2015).  
 
Consequently, all the statistical evidences presented in this study imply that the 
grocery retail stores can be classified depending on the store image, size, opening 
hours, and location, to facilitate the decision making from the stakeholders of the 
grocery supply chain and policymakers. Because of the findings of the study, H2 is 
accepted and condensed in “The taxonomy of grocery retail stores in Mexico City”, 
as presented in Table 10.  
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Table 10. The taxonomy of grocery retail stores in Mexico City 

Domain Tertiary sector 

Kingdom Retail industry 

Phylum Grocery retail sector 

Class Nanostores Chain convenience 
stores (CCS) Modern channel stores (MCS) 

Order Open Limited  Street Corner Supermarket Discount 
store Hypermarket Grocery 

wholesaler Minimarket Membership-
only warehouse 

Dollar 
store 

Family 
Not 

applica
ble 

Not 
applicable 

 
OXXO 

 
7 Eleven 

 
Extra 

 
Circle K 

 
GoMart 

 
Six 

 
Super City  

Soriana 
 

Bodega Aurrerá 
 

Superama 
 

Sumesa 
 

Chedaui 
 

Fresko 
 

City Market 

BAE 
 

Tiendas 3 B 
 

Tiendas 
Súper Precio  

Walmart 
 

La Comer 
 

Soriana  
Hiper 

Puma 
Abarrotero 

 
Zorro 

Abarrotero 
 

Scorpion 
 

Grupo 
Merza 

 
The Green 

Corner 
 

Tiendas 
Neto 

Costco 
 

Sam's Club 
Waldo's 

Genus 

Size Micro Micro Small Small Large Medium Large Large Small Large Medium 

Frequency High High Medium High Low Medium Low Low Medium Low Low 

Pricing Low Low Medium High High Low Medium Low High Low Low 

Efficiency High High Medium Medium Medium High Low Low Medium Low Medium 

Species 
Opening 

hours Low Low High High Medium Medium Medium Low Medium Medium Medium 

Security Low Low Medium Medium High High High High High High High 
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3.5 Conclusions and future research 
 
The GR landscape in Mexico City has evolved during the past ten years, presenting 
significant changes in its structure and market concentration. For instance, MCS 
have penetrated medium-low and low SEL areas by introducing small-size store 
formats like “Bodega Aurrera Express” (BAE) which is part of the Walmart group.  
 
This study aimed at identifying characteristics that differentiate the GR channels 
based on an extensive literature review and in a comprehensive exploratory 
research, to provide a classification that simplifies and structures complex 
information for the decision making of the stakeholders of the grocery supply chain 
and policymakers.  
 
The results show statistical evidence that there are significant differences between 
the type of parking spaces offered by nanostores, CCS and MCS. The latter is the 
channel with highest expectancy for offering parking spaces, that in most cases is 
segregated for customers and suppliers, facilitating the independency of sales and 
operations. Besides, nanostores, which is the channel with the highest concentration 
of stores per square kilometer, has the lowest expectancy of offering parking spaces. 
Therefore, policymakers should establish a decision framework that addresses the 
challenges of the distribution of groceries in a fragmented market. As shown in 
Figure 27, MCS and CCS are located on main streets, while most of the nanostores 
are located within the interior of neighborhood. Consequently, the distribution of 
products to nanostores is highly costly due to the lack of parking spaces, suggesting 
that loading/unloading bays could facilitate these operations.  

Figure 27. Sample of a polygon covered in the data collection in Mexico City 
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In addition, Figure 17 depicts that CCS and MCS are more salient than nanostores. 
The majority of nanostores are located in the street or mid-block within the 
neighborhood, whereas most of the CCS of the sample are located in a street-corner. 
This finding suggests that the consumers expect that buying at nanostores is 
cheaper than buying at CCS or MCS. However, nanostore shopkeepers often charge 
higher prices than CCS and MCS, and in some cases could be as high as 30%, and 
as concluded in Chapter 2, there is more concentration of nanostores in low SEL 
areas than in medium or high, suggesting that consumers from low SEL in emerging 
megacities often pay more for their groceries. Moreover, nanostores lack a 
standardized store-image versus CCS and MCS, becoming a costly perception trap 
for low SEL consumers, based on the findings from previous studies that consumers 
have a relative expectation about the price of the products depending on the store-
image. At a high-price store image, customers expect higher prices of products, 
whereas at low-price store image, customers expect low prices. In addition, as 
presented in Figure 28, nanostores constitute a relevant marketing channel for CPG 
manufacturers, that are constantly competing to sponsor and renovate nanostore 
store-images.  
 

Figure 28. Nanostore store-image renovation sponsored by two different CPG companies in the 
same year (2020) 

 
 
Furthermore, the statistical evidence provided about the opening hours suggest that 
nanostores are more efficient than CCS and MCS, in terms of the resources needed 
when the stores are open. Nanostores usually pay low wages, do not pay rent, have 
store-image sponsors, and as depicted in Figure 29, save on general expenses like 
security.  
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Figure 29. Presence of surveillance personnel per type of GR channel 

 
 
In addition, statistical evidence was found to conclude that nanostores serve 
customers faster than MCS or CCS, being more productive than the other channels 
in terms of the efficiency for check out. This finding suggests that nanostores are the 
preferred stores for buy-to-consume purchases, which is consistent with the high 
frequency of purchasing discussed in Chapter 2. Nevertheless, most of the 
nanostores depend on cash payments, and very few have point of sale (POS) 
systems that facilitate the register of purchases for checkouts. Consequently, this 
raises awareness of the importance of studies about technology upgradation for 
nanostores and improved business practices.  
 
Concerning possibilities for future research, it is suggested to conduct a 
comprehensive analysis with respect to the growth of the grocery wholesalers (GW), 
because it has become an important source of supplies for nanostores and other 
small retail firms. Moreover, the findings motivate the academic and empirical 
attention to have a better understanding of the concept of store image, as suggested 
by previous studies (Farhangmehr et al., 2001). 
 
Another finding from this work, that should be considered as a line for research is 
the adaptation of the GR stores depending on the necessities. For instance, it was 
shown that one of the most common characteristics of the nanostores are the 
“barred-windows” for security. However, as shown in Figure 30, some CCS also 
adapt their store format and open at late night serve as a traditional store, where the 
clerk serves each customer one by one. The latter for security measures.  
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Figure 30. Illustration of a CCS operating through a small window in late hours 

 
 
Growing competitiveness among GR stores and the globalization of markets have 
given rise to an environment of coexistence, enabling businesses to adapt and 
evolve to meet the functional needs of the also changing demographics and 
technological advances. Consequently, studies should also be launched on how the 
online channel is impacting the physical GR channels.  
 
Additionally, all the descriptive and statistical evidences provided in this chapter 
enabled the development of the “Taxonomy of grocery retail stores in Mexico City”, 
that is expected to be a functional contribution for academia and to the stakeholders 
of the sector.  
 
Finally, the GR landscape is a complex system composed of numerous types for 
store formats, where nanostores, MCS and CCS fiercely compete for the same 
market by satisfying the functional needs of the consumers in emerging economies. 
These developing economies are the most vulnerable during a crisis, and 
consequently having a better understanding of how economic shocks affect these 
channels should be studied. The next chapter proposes a physical mathematical 
model, inspired by the lessons of nature to reflect how economic shocks could affect 
each GR channel. 
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Chapter 4 
 

A mass-spring-damper system to model the evolution of retail in 
emerging markets. A case study in Mexico City 
 
4.1 Introduction 
 
Mexico City features a complex grocery retail (GR) landscape where nanostores, 
chain convenience stores (CCS) and modern channel stores (MCS) compete fiercely 
in the grocery sector. These channels coexist, as discussed in Chapter 2 and adapt 
their businesses to meet the functional needs of the consumers, as displayed in 
Chapter 3, framing the conditions for a complex dynamic setting characterized by 
economic fluctuations. In order to have a better understanding of the complexity of 
the evolution of the GR landscape in a megacity in emerging markets, a deterministic 
model inspired by the theories of vibrations is proposed, as a lesson in the study of 
natural phenomena. 
 
This chapter aims at presenting a tuned mass-spring-damper (TMSD) system with 
three degrees of freedom (DOF), as a physical mathematical approach to simplify 
the complexity of the behavior of the GR channels under economic shocks. A TMSD 
consists of a set of masses interconnected by a network of springs and dampers 
acting in parallel with the springs. This approach attempts to combine economics 
and physics. This blend, also known as econophysics uses mathematical methods 
developed in statistical physics to facilitate the study of complex economic systems.  
 
As a result, the proposed model offers an explanation to the fluctuation of the GR 
channels and the factors that affect the behavior and the interaction between them. 
Finally, two computational models were built to facilitate the construction of 
scenarios by adjusting parameters of the system in a software to analyze the 
different outcomes.  
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4.2 Literature review 
 
Econophysics 
 
The application of principles of physics to the study of economics is also known as 
econophysics. Both, physics and economics are developed by using the scientific 
method approach (Sayhar and Deck, 2014), in which truth must be proved rationally 
and empirically. The term “econophysics” was introduced by the American physicist 
Eugene Stanley, from Boston University in 1995, at the conference on Dynamics of 
Complex Systems, held in what today is Kolkata, India (Savoiu and Siman, 2013). 
Later, the following definition of econophysics was proposed, as a multidisciplinary 
field: “the activities of physicists who are working on economics problems to test a 
variety of new conceptual approaches deriving from the physical science.” (Rosser, 
2008).  
 
Moreover, econophysicists have established a niche on their own by developing 
simpler models to study complex economic dynamics. Different methods and 
techniques from physics have been explored by econophysicists, including chaos 
theory, neural networks and thermodynamics, among others, to cover a large 
spectrum of problems of modern economy (Savoiu and Siman, 2013). Besides, it 
has been proposed that econophysics is a multidisciplinary field, and after more than 
two decades of being “born”, some distinctions and critical aspects are relevant on 
the blend between scientific researchers of physics and economics. It is argued that 
physicists and economists study “hard” and “soft” sciences, respectively with 
differences and similarities, as shown in Table 11, where the main difference is the 
object of research. Physical phenomena occur because of the interaction between 
matter and energy in space and a specific interval of time; economics is oriented 
toward choice, risk management, and decision-making problems. 

Table 11. Differences and similarities Physics and Economics (Sayhar and Deck, 2014) 
# Aspect Physics Economy 
1 The research methodology The scientific method The scientific method 

2 Object of research 
Phenomena arising from changes 
in the value of the material or form 
of energy 

Rational human behavior in decision-
making in using limited resources 
efficiently and effectively 

3 Variable measurement scale 
or magnitude Ratio Ratio 

4 The results of the study Universal Universal 

5 Truth Not absolute, and the probability 
tentative 

Not absolute, and the probability 
tentative 

6 Relationship model variables 
Have a regular pattern that can be 
arranged in the form of 
mathematical models 

Have a regular pattern that can be 
arranged in the form of mathematical 
models 

7 Instrument Using a measuring instrument with 
standards 

Observation sheet for recording 
economics variables 

8 Data retrieval Observation Observation or secondary data 
 
Furthermore, the purpose of econophysics is to describe and develop models for the 
behaviors of a market, as an open dynamic system, where external information is 
mixed with new forces, like energy inputs in quantum physics. The study of dynamic 
systems is mostly based on expressing the system in terms of a set of differential 
equations, which are further solved with analytic or numerical methods. However, 
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this poses a limitation when combining physics and economics, because we never 
meet in our life with density distributions of people or assets. Thus, econophysicists 
convert integers into real numbers by averaging over certain areas (Savoiu and 
Siman, 2013). The procedure can be performed by averaging over large enough 
volumes or over long period of times. As a consequence of this approach, markets 
are viewed as “macroscopic” dynamic complex systems with an internal structure of 
“microscopic” particles that interact between them.  
 
Additionally, previous works show that economic theory has been inspired by 
physics with terminology like force, elasticity or equilibrium, among others. The 
principles of these analogies are based on classical Newtonian physics, that imply 
that the world is directed by deterministic laws, based on a few principles such as 
the principle of least action. Previous studies conclude that theory and the laws of 
physics can be used to explain phenomena in economics (Sayhar and Deck, 2014). 
Despite its capacity for modeling, econophysics is still a controversial field, and 
despite its limitations due to the nature of the variables it contends with, has in some 
cases proved to be able to find simpler ways of modeling complex dynamic systems 
(Schinckus, 2010). This work attempts to blend the real business cycle theory with 
the physical study of vibrations.  
 
Tuned mass-spring-damper (TMSD) system 
 
The principles of vibrations have been used to understand and design systems of all 
kinds, systems such as mechanical, aerospace, biomechanical, and civil structures, 
among others. This work has been written to enable the use of vibration principles 
to have a better understanding of the GR dynamic economic system in a megacity. 
To simplify this complex problem, a tuned mass-spring-damper (TMSD) is proposed, 
with three degrees of freedom (DOF). A TMSD, as depicted in Figure 40, consists of 
a set of masses interconnected by a network of springs and dampers acting in 
parallel with the springs. 
 
From an analytical point of view, models of vibrating systems are commonly divided 
into two broad classes: discrete or lumped-parameter models, and continuous, or 
distributed parameter models. This model is discrete because consists of a system 
of made of interconnected masses with three DOF, and the equations of motion are 
expressed as a set of coupled ordinary-differential equations. The frequency of the 
damper is tuned to a particular structural frequency so that when that frequency is 
excited, the damper will resonate out of phase with the structural motion, absorbing 
energy, which causes the dissipation of the inertia force acting on the structure 
(Laflamme and Connor, 2014). 
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4.3 Methodology 
 
Data 
 
This section presents the data sources that were used for the study and a description 
of the evolution of the GR channels in the past decade. Secondary data was 
retrieved from the national statistical directory of economic units of Mexico (DENUE) 
to obtain the number of openings of nanostores, convenience chain stores (CSS) 
and modern channel stores (MCS) over the past ten years in Mexico City’s 
municipalities. Additional data was retrieved from the Mexican Institute of Statistics 
(INEGI), like the social development index per Zip Code in Mexico City (2010), the 
national income and expenditure survey (ENIGH) from 2018 and economic 
censuses (2014), among others.  
 
With these data, spatial and descriptive analyses were conducted in order to 
understand the behavior of the evolution of each one of the GR channels in Mexico 
City. Figure 31 shows the MCS openings per brand per year between 2010 and 
2019.  
 

Figure 31. MCS openings per year per company in Mexico City (2010-2019) 

 
 
In Figure 32, the cumulative openings of MCS stores is presented, depicted as well 
in Figure 31. MCS often partner with manufacturers directly, eliminating the need for 
a distributor. As a consequence, they have higher margins, which are partly passed 
on to consumers in the form of relatively lower prices. MCS compete on price with 
traditional GR formats and have been able to attract consumers from all 
socioeconomic groups, including the middle and lower-income groups as discussed 
in Chapter 2.  
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Figure 32. Cumulative openings of MCS in Mexico City 2010-2019 

 
 
The MCS channel is expected to continue its growth for the next decade, reaching 
out to semi-urban areas as presented in Figure 33.  
 

Figure 33. Spatial MCS cumulative openings per brand in Mexico City (2010-2019) 
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Furthermore, the CCS channel has had a constant growth in Mexico City and 
nationwide for the past ten years. The CCS continually open and close stores to 
improve their performance (Srinivasan et al., 2013). Figure 34 shows the rapid 
expansion that CCS have had during the past ten years in Mexico City, with 
considerable number of openings between 2014 and 2018. 
 

Figure 34. CCS openings per year per company in Mexico City (2010-2019) 

 
 
Moreover, Figure 35 shows the cumulative number of openings of CCS 
correspondent to the view presented in Figure 34. New openings or closing is a 
strategy that CCS use to cope with changing market trends is by fluctuating the 
number of stores (Srinivasan et al., 2013). The figure depicts how the number of 
CCS openings doubled in just ten years, from 2010 - 2019.  

Figure 35. Cumulative CCS openings in Mexico City (2010-2019) 

 
 
Opening new stores is an externally focused initiative emphasizing revenue 
expansion, with the expectation that revenues from the new stores will exceed 
related costs, thus improving net performance. Closing stores is a cost focused 
initiative, with the expectation that the cost reductions in question will exceed loss in 
revenues, again improving net performance. The fast growth of CCS as depicted in 
Figures 34 and 35, can be explained by standardization, better facility location, 
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systematized inventory management, vertical integration, planned store layouts and 
more varieties within product categories as condensed in Figure 36.  
 

Figure 36. Cumulative CCS openings per company in Mexico City (2010-2019) 

 
 

As a further matter, in emerging markets like Mexico City, the socio-demographic 
differentiation presents an urban environment very different from cities in developed 
countries. Nanostores are deeply rooted into consumer behaviors, which will slowly 
evolve. Located handily within residential neighborhoods, nanostores provide 
convenience for daily shopping, and with the facility of credit purchasing, loyalty to 
the channel remains high. Nanostores cover the vast majority Mexico City, including 
urban, suburban and rural areas as shown in Figure 37 and Figure 38.  

Figure 37. Nanostore openings per year per Zip Code in Mexico City (2010-2019) 

 
In this context, nanostores offer a unique value to local economy, being a source of 
groceries for inhabitants that cannot afford purchasing in a CCS or MCS and a major 
source of income for thousands of families. There are about 50 million Nanostores 
globally (Fransoo et al., 2017).  
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Figure 38. Cumulative Nanostore openings per Zip Code in Mexico City (2009-2019) 

 
However, nanostores in emerging markets have a low survival rate. The death rate 
of small firms in developing countries averages 8.3 percent per year over the first 
five years of existence (McKenzie & Paffhausen, 2017) and, with a life expectancy 
that ranges from 3 months to 17 years. In addition, local news report that 30% of the 
nanostores die during the first year of operations (Milenio, 2020) and other news 
claim that in Mexico City’s metropolitan area, between 10 and 15 nanostores die 
when a new CCS is opened nearby (El Sol de México, 2016). Moreover, nanostores 
are easy to open due to their low initial capital investment requirement and small 
size space. These conditions set an oscillatory behavior of high frequency of the 
number of nanostores in the megacity. Nevertheless, official data does not register 
when a firm is out of business, as a mean to estimate the fluctuation of GR stores. 
Also, the official data collection is performed once a year, therefore, many small firms 
open and die between the collection periods, without any registration. Thus, Figure 
39 presents the cumulative number of nanostores in Mexico City with two lines, one 
considering death rate (CDR) of 8.3 percent per year over the first five years of 
existence and, another one not considering death rate (NDR). For the rest of this 
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study, CDR is considered because there is no strong evidence to estimate 
specifically the death rate of nanostores.  

Figure 39. Cumulative number of nanostores in Mexico City considering death rate (CDR) and not 
considering death rate (NDR) 2010-2019 

 
Model 
  
The TMSD shown in Figure 40, is a physical-mathematical model proposed to depict 
the evolution of the GR stores in time, by estimating the number of MCS, CCS and 
nanostores per urban area.  

Figure 40. Three degrees of freedom TMSD system in static equilibrium 

 

A TMSD for damping the amplitude in one oscillator by coupling it to a second 
oscillator. If tuned properly the maximum amplitude of the first oscillator in response 
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to a periodic driver will be lowered and much of the vibration will be ’transferred’ to 
the second oscillator. 
 
The general form of the governing equations of motion for this linear three DOF 
system is described as follows: 
 

[𝑴]{𝒚′′} + [𝑩]{𝒚′} + [𝑲]{𝒚} = {𝒀}  (1) 

Where the matrices and vectors have the following general form: 
 

[𝑴] = [

𝒎𝟏𝟏 𝒎𝟏𝟐 … 𝒎𝟏𝒏

𝒎𝟐𝟏 𝒎𝟐𝟐 … 𝒎𝟐𝒏

⋮ ⋮ ⋱ ⋮
𝒎𝒏𝟏 𝒎𝒏𝟐 … 𝒎𝒏𝒏

]                            (𝟐) 

 

[𝑩] = [

𝒃𝟏𝟏 𝒃𝟏𝟐 … 𝒃𝟏𝒏

𝒃𝟐𝟏 𝒃𝟐𝟐 … 𝒃𝟐𝒏

⋮ ⋮ ⋱ ⋮
𝒃𝒏𝟏 𝒃𝒏𝟐 … 𝒃𝒏𝒏

]                            (𝟑) 

[𝑲] = [

𝒌𝟏𝟏 𝒌𝟏𝟐 … 𝒌𝟏𝒏

𝒌𝟐𝟏 𝒌𝟐𝟐 … 𝒌𝟐𝒏

⋮ ⋮ ⋱ ⋮
𝒌𝒏𝟏 𝒌𝒏𝟐 … 𝒌𝒏𝒏

]                        (𝟒) 

[𝒚] = [

𝒚𝟏

𝒚𝟐

⋮
𝒚𝒏

]                            (𝟓) 

[𝒚′] = [

𝒚′𝟏

𝒚′𝟐

⋮
𝒚′𝒏

]                            (𝟔) 

[𝒚′′] = [

𝒚′′𝟏

𝒚′′𝟐

⋮
𝒚′′𝒏

]                            (𝟕) 

[𝒀] = [

𝒀𝟏

𝒀𝟐

⋮
𝒀𝒏

]                            (𝟖) 
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The matrix [𝑴] is the inertia matrix, [𝑲] the stiffness matrix and [𝑩] the damping 
matrix, all of them of the size N x N. The vector [𝒚] is called the displacement vector, 
[𝒚′] the velocity vector, [𝒚′′] the acceleration vector and, [𝒀] the force vector, all of 
them of the size N x 1.  

Figure 41. Free body diagram of the three degrees of freedom TMSD system in static equilibrium 

 

The differential equations governing the motion of the free body diagram depicted in 
Figure 41 are shown below:  
 
𝐹𝑡 = 𝑚1𝑦1

′′ + 𝑏1(𝑦′
1

− 𝑦2
′ ) + 𝑘1(𝑦1 − 𝑦2)        (9) 

𝑏1(𝑦′
1

− 𝑦2
′ ) + 𝑘1(𝑦1 − 𝑦2) = 𝑚2𝑦2

′′ + 𝑏2(𝑦′
2

− 𝑦′
3

) + 𝑘2(𝑦2 − 𝑦3)   (10) 

𝑏2(𝑦′
2

− 𝑦′
3

) + 𝑘2(𝑦2 − 𝑦3) = 𝑚3𝑦3
′′ + 𝑏3𝑦3

′ + 𝑘3𝑦3     (11) 
 
The application of Newton’s second law of motion to mass gives 
 
𝑚1𝑦1

′′ + 𝑏1(𝑦′
1 − 𝑦2

′ ) + 𝑘1(𝑦1 − 𝑦2) = 𝐹𝑡         (12) 

𝑚2𝑦2
′′ + 𝑏2(𝑦′

2 − 𝑦′
3) + 𝑘2(𝑦2 − 𝑦3) − 𝑏1(𝑦′

1 − 𝑦2
′ ) − 𝑘1(𝑦1 − 𝑦2) = 0    (13) 

𝑚3𝑦3
′′ + 𝑏3𝑦3

′ + 𝑘3𝑦3 − 𝑏2(𝑦′
2 − 𝑦′

3) − 𝑘2(𝑦2 − 𝑦3) = 0       (14) 
 
Rewriting this set of coupled equations in a matrix form yields 
 

[

𝒎𝟏 𝟎 𝟎
𝟎 𝒎𝟐 𝟎
𝟎 𝟎 𝒎𝟑

] [

𝒚′′𝟏

𝒚′′𝟐

𝒚′′𝟑

] + [

𝒃𝟏 −𝒃𝟏 𝟎
−𝒃𝟏 𝒃𝟏 + 𝒃𝟐 −𝒃𝟐

𝟎 −𝒃𝟐 𝒃𝟐 + 𝒃𝟑

] [

𝒚′𝟏

𝒚′𝟐

𝒚′𝟑

] + [

𝒌𝟏 −𝒌𝟏 𝟎
−𝒌𝟏 𝒌𝟏 + 𝒌𝟐 −𝒌𝟐

𝟎 −𝒌𝟐 𝒌𝟐 + 𝒌𝟑

] [

𝒚𝟏

𝒚𝟐

𝒚𝟑

] =  [
𝑭𝒕

𝟎
𝟎

]             (15) 
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Table 12 presents the variables of the TMSD model for nanostores, CCS and MCS, 
with the correspondence to the classical physics model.  

Table 12. Variables of the TMSD model for nanostores, CCS and MCS 
Algebraic name Value Proposed model 

𝑦1(t)  Displacement of mass 1 (m) in time Number of Nanostores openings in time 
(# stores) 

𝑦2(t)  Displacement of mass 2 (m) in time Number of CCS openings in time  
(# stores) 

𝑦3(t)  Displacement of mass 3 (m) in time Number of MCS openings in time  
(# stores) 

𝑦1(t=0)  
 Initial position of mass 1 (m) in time Number of initial Nanostores (# stores) 

𝑦2(t=0)  Initial position of mass 2 (m) in time Number of initial CCS (# stores) 

𝑦3(t=0)  Initial position of mass 3 (m) in time Number of initial MCS (# stores) 

𝑚1 (m) Mass 1 (Kg) Sum of Consumption Power in Nanostores SCPn 
($ USD) 

𝑚2 (n) Mass 2 (Kg) 
Sum of Consumption Power in CCS 

 SCPccs 
($ USD) 

𝑚3 (o) Mass 3 (Kg) 
Sum of Consumption Power in MCS 

 SCPmcs 
($ USD) 

F(t) External force (Kg 𝑚 𝑠2⁄ ) 
Economic Shock acting on the system 

($USD # 𝑠𝑡𝑜𝑟𝑒𝑠
𝑦𝑟2⁄ ) 

𝑔 Gravitational acceleration (𝑚 𝑠2⁄ ) 
Urban attractiveness acceleration for stores UAAS 

(# stores
𝑦𝑟2⁄ ) 

𝑘1 (k) 

Spring constant 1  
(N/m) = 

(Kg 𝑚 𝑠2⁄ ∗ 1/m) = 

( 𝐾𝑔
𝑠2⁄ ) 

 

 Growth potential constant for Nanostores 
GPCn 

($ USD
𝑦𝑟2⁄ ) 

𝑘2 (j) 

Spring constant 2  
(N/m) = 

(Kg 𝑚 𝑠2⁄ ∗ 1/m) = 

( 𝐾𝑔
𝑠2⁄ ) 

Growth potential constant for CCS 
GPCccs  

($ USD
𝑦𝑟2⁄ ) 

𝑘3 (j) 

Spring constant 3  
(N/m) = 

(Kg 𝑚 𝑠2⁄ ∗ 1/m) = 

( 𝐾𝑔
𝑠2⁄ ) 

Growth potential constant for MCS 
GPCmcs  

($ USD
𝑦𝑟2⁄ ) 

𝑏1 (b) 

Damping constant 1 
(N*s/m) 

(Kg 𝑚 ∗ 𝑠
𝑠2⁄ *1/m) 

 (𝐾𝑔
𝑠⁄ ) 

Productivity damping constant 1 
( $𝑈𝑆𝐷

𝑦𝑟⁄ ) 

𝑏2 (v) 

Damping constant 2  
(N*s/m) 

(Kg 𝑚 ∗ 𝑠
𝑠2⁄ *1/m) 

 (𝐾𝑔
𝑠⁄ ) 

Productivity damping constant 2 
( $𝑈𝑆𝐷

𝑦𝑟⁄ ) 

𝑏3 (v) 

Damping constant 3  
(N*s/m) 

(Kg 𝑚 ∗ 𝑠
𝑠2⁄ *1/m) 

 (𝐾𝑔
𝑠⁄ ) 

Productivity damping constant 3 
( $𝑈𝑆𝐷

𝑦𝑟⁄ ) 
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Next, Figures 42 and 43 present diagrams in equilibrium and in motion that facilitate 
the understanding of the analogy between the model from physics and the proposed 
model.  
 

Figure 42. Three degrees of freedom TMSD in static equilibrium and in motion 

 

Figure 43. Model of fluctuation of nanostores, CCS and MCS in a megacity in emerging markets in 
static equilibrium and in motion 
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Furthermore, the next subsections describe in detail the analogies previously 
presented in Table 12.  
 
Time 
 
The international system of units (SI for its acronym in French), measures time in 
seconds (s). The position of the masses in the TMSD can be estimated at any point 
in time.  
 
As the model estimates the number of stores in time, it demands a unit that is 
coherent with it, like months or years. Due to the periods in which data has been 
collected, the units are set in years (yr).  
 
Displacement of mass  
 
From the configuration of the three degrees of freedom TMSD, at equilibrium point, 
the initial displacement of the masses is zero. When an external force 𝐹 acts 
vertically on the system, then a vertical displacement occurs. The displacement of 
any of the masses in the system is measured in meters (m).  
 
In the model, the displacement of mass measures the variation in the number of 
nanostores, CCS or MCS in time. When an economic shock acts on the system, 
then a displacement occurs, varying the position of the masses. As the displacement 
measures the number of stores, the units for the model are (# stores).  
 
Initial position  
 
The initial position of the physical model indicates the starting point of each one of 
the masses in the vertical axis in a cartesian coordinate system. As depicted in 
Figure 40, the ground is the zero point for the vertical and horizontal axis. This model 
only considers vertical forces acting on the masses. The units of the initial position 
are in meters (m).  
 
The initial position in the proposed model represents the number of nanostores, CCS 
and MCS in 2010. The number of type of stores within a defined area is retrieved 
from the collected data. The units of the initial position for the model are in (# stores).  
 

Mass  
 
In physics, the mass of a body is the amount of matter that is has regardless of its 
volume. Any mass is susceptible to forces that may act on it. For instance, gravity 
may act on a mass, attracting it, but the mass remains constant. The international 
system of units SI measures mass in kilograms (Kg).  
 
In the proposed model, mass represents the sum of the consumption power (SCP) 
for each channel, nanostores, CCS and MCS. The SCP is the financial ability that a 
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group of people has, to buy products or services, based on their consumer buying 
behavior. The attitudes, preferences, intentions and decisions regarding consumers’ 
behavior is known as consumer buying behavior. Hence, the SCP can be estimated 
as the sum of grocery expenditures (GE) per number of inhabitants for each 
socioeconomic level in a defined area, times the estimate share that are willing to 
spend at nanostores, CCS or MCS also defined as expenditure per channel (ec). 
The units of the masses are in United States dollars ($USD).  
 

                                                                 SCPj = ∑ ∑ 𝐺𝐸𝑖 ∗ 𝑛𝑖 ∗ 𝑒𝑐𝑗

𝑗𝑖

                                                   (16) 

n= number of inhabitants per area  
GE= grocery expenditures 
i= type of SEL (High, Medium-high, Medium-low, Low) 
j= type of GR channel (Nanostores, CCS, MCS) 
ec= expenditure per channel (%)  
 

External force F  
 
The system is susceptible to external forces acting on the masses, such as gravity 
or any other force. Newton’s second law of motion states that the acceleration of a 
mass is produced by the net force that acts on it. The net force is equated to the 
product of the mass times its acceleration 𝐹 = 𝑚 ∗ 𝑎. Any force is a vector, so it has 
magnitude and direction. The magnitude of the force is given in Newtons (N) in the 
SI. Consequently, a Newton can be decomposed as follows, (Kg 𝑚 𝑠2⁄ ).  
 
In the model, external forces represent economic shocks, disturbing the system and 
consequently, generating fluctuations in the number of stores in time. Consistent 
with the above equation of Newton’s second law of motion, 𝐹 = ($USD * 
# 𝑠𝑡𝑜𝑟𝑒𝑠

𝑦𝑟2⁄ ), meaning that the economic shock is the magnitude of the acceleration 

(# 𝑠𝑡𝑜𝑟𝑒𝑠
𝑦𝑟2⁄ ) acting on the SCP ($USD).  

 
Gravitational acceleration 
 
In mechanics, gravity is the universal force of attraction acting across all matter. Back 
in the 17th century, Sir Isaac Newton stated that any particle of matter in the universe 
attracts any other with a force varying directly as the product of the masses and 
inversely as the square of the distance between them. The formula is 𝐹 =

𝐺(
𝑚1𝑚2

𝑟2⁄ ), where 𝑚1 and 𝑚2 are the two masses, 𝑟 the distance between the 
center of the two masses and 𝐺 the gravitational constant. This expression was 
derived for planetary purposes. When one of the masses is much larger than the 
other, then that large mass creates a gravitational field 𝑔 = 𝐺𝑀

𝑟2⁄  , therefore, the 
force acting on the smaller mass can be calculated as 𝐹 = 𝑚𝑔, where is 𝑔 the 
gravitational acceleration, with (m/𝑠2) as units in the SI.  
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In the proposed model, the gravitational acceleration is related to the urban 
attractiveness of economic growth. Adam Smith, in his famous book the Wealth of 
Nations used gravity as a concept to explain the relationships between market 
prices. In this case, megacities concentrate immense human activity where goods 
and services are produced and commercialized. For instance, Bangkok generated 
over half of Thailand’s GDP in 2017, despite the city sprawl representing 1.5% of 
Thailand’s total landmass. Therefore, megacities prompt focalized income per 
capita, which at the same time triggers the appearance of stores to serve human 
agglomerations. Subsequently, in the model, the gravitational acceleration is 
considered as the urban attractiveness acceleration for stores (UAAS), with 
(# stores

𝑦𝑒𝑎𝑟2⁄ ) as units.  
 
Spring constant  
 
When applying a force to a spring, the spring applies an equal and opposite force to 
the system. The mathematical formula to express this is 𝐹 =  −𝑘𝑥, also known as 
Hooke’s law. The 𝐹 represents the applied force to the spring, 𝑘 represents the 
spring constant and 𝑥 the displacement caused by the applied force to the spring. 
The spring constant varies depending on its stiffness, the more rigid, the higher the 
constant while the more flexible springs have lower constants. The SI measures a 
spring constant in (N/m).  
 
In the model, the spring constant represents the growth potential constant (GPC) for 
nanostores (GPCn), (GPCccs) for CCS and (GPCmcs) for MCS.  From Hooke’s law, 
rewriting the equation for 𝑘, yields 𝑘 = 𝐹/𝑥, where 𝐹 = 𝑚 ∗ 𝑎 from Newton’s second 
law. The acceleration 𝑎 is equal the change in velocity divided by the change in time, 
and in the model, velocity is expressed as 𝑉 = #𝑠𝑡𝑜𝑟𝑒𝑠/𝑦𝑒𝑎𝑟, being a measure of 
the rate of change of its position with respect to a frame reference, in this case the 
delta of the number of stores per year. Therefore, 𝑘 can be expressed as:  
 

                                                          𝑘 =
($USD ∗ # 𝑠𝑡𝑜𝑟𝑒𝑠

𝑦𝑟2⁄ )

# 𝑠𝑡𝑜𝑟𝑒𝑠
=  $ 𝑈𝑆𝐷

𝑦𝑟2⁄                                         (17)  
Damping coefficient   
 
There are forces in the TMSD model tending to retard or dampen motion, much alike 
the viscosity of a medium in which the system is embedded or the air. A standard 
assumption that has been proved by observation is that the retarding forces have a 
magnitude proportional to the velocity 𝑣 of the mass. From Newton’s second law 𝐹 =
−(𝑘 ∗ 𝑥 +  𝑏 ∗ 𝑣), were 𝑏 is the damping constant and  the sign denotes the direction 
of this expression, which is a vector acting oppositely to the force 𝐹.  Solving the 
equation for the damping constant 𝑏 in absolute value, 𝑏 = 𝐹

𝑣⁄ , which in the SI give 
the units of the damping coefficient to be 𝑏 = 𝑁 ∗ 𝑠

𝑚⁄ . 
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In the model, 𝑏 denotes the productivity damping coefficient. As mentioned before, 
the position of each mass represents the number of nanostores, CCS or MCS, which 
may fluctuate due to the presence of an economic shock. Thus, it is proposed that 
the productivity of nanostores, CCS or MCS act as the damper that retards the 
oscillation of the number of stores. By replacing the units of the model in the equation 
𝑏 = 𝑁 ∗ 𝑠

𝑚⁄ , the productivity damping constant’s units are expressed in 𝑏 =  
($USD # 𝑠𝑡𝑜𝑟𝑒𝑠

𝑦𝑒𝑎𝑟2⁄ ) ∗ (
𝑦𝑒𝑎𝑟

#𝑠𝑡𝑜𝑟𝑒𝑠⁄ ), simplifying 𝑏 = ($𝑈𝑆𝐷
𝑦𝑒𝑎𝑟⁄ ). 

 
In the next section the procedure is described, step by step to parametrize, calibrate 
and use the model to create scenarios.   
 
4.4 Results and discussion 
 
Model setup 
 
The process of construction of this empirical model starts by understanding the 
statistical relationship between the population and the GR stores in Mexico City. 
From Figure 3, it was observed that the GR stores are more concentrated in urban 
than in rural or unoccupied areas, like in Milpa Alta or the southern hinterlands of 
Xochimilco and Tlalpan municipalities, suggesting that there is a positive relationship 
between the number of GR stores and population. To corroborate this statistically, 
the correlation matrix between the population and the number of nanostores, CCS 
and MCS per Zip Code for Mexico City was calculated. The results depicted in Table 
13 show a fairly strong positive relationship between the population and nanostores, 
and a moderate correlation between population and CCS and MCS, 
correspondently. Moreover, the correlation matrix also shows statistical evidence of 
the coexistence of nanostores, CCS and MCS discussed in Chapter 2.  

Table 13. Pearson correlation matrix for each type of GR channel and total population per Zip 
Code in Mexico City 

 Population NANO CCS 

NANO 0.553 
  

CCS 0.245 0.288 
 

MCS 0.434 0.404 0.505 

 
Therefore, the first step for parametrization consists of estimating the masses of the 
system by calculating each one of the parameters described in equation (16). The 
first column of Table 14 shows the average of the monthly grocery expenditures per 
capita per SEL based on the national survey of household income and expenditure 
(ENIGH 2018). In addition, the table shows in percentages an estimate of the 
expenditures per channel. In the case of the expenditures at nanostores, there is an 
ascendant behavior, in which the high SEL buy less at nanostores while the low SEL 
tend to buy more at them. On the other hand, the expenditures at MCS have the 
opposite behavior.   
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Table 14. Monthly grocery expenses per capita per SEL for each type of GR channel 
Monthly 
grocery 

expenses 
(USD) 

SEL NANO CCS MCS 

 $64.60  High 0.39% 0.10% 99.50% 

 $51.00  Medium-high 4.69% 0.52% 94.79% 

 $48.48  Medium-low 16.16% 0.37% 83.47% 

 $19.16  Low 23.69% 0% 76.31% 

 
Next, and based on the results obtained from Table 14, the sum of consumption 
power was calculated for nanostores, CCS and MCS for each municipality, as shown 
in Table 15, and also the index for each SCP to facilitate the parametrization of the 
model. The indexes represent in percentages the market share of each GR channel. 
 

Table 15. Sum of consumption power (SCP) per municipality and correspondent indexes 

Municipality SCPn  
(million USD) 

SCPccs  
(million USD) 

SCPmcs  
(million USD) 

Total 
(million USD) 

SCPn 
Index 

SCPccs 
Index 

SCPmcs 
Index 

Álvaro Obregón $8.89 $0.30 $77.47 $86.67 10.26% 0.35% 89.39% 

Azcapotzalco $3.67 $0.11 $21.08 $24.86 14.78% 0.45% 84.77% 

Benito Juárez $0.26 $0.00 $44.16 $44.43 0.58% 0.01% 99.41% 

Coyoacán $1.97 $0.06 $32.42 $34.44 5.71% 0.18% 94.12% 
Cuajimalpa de 
Morelos 

$1.21 $0.04 $10.30 $11.55 10.47% 0.36% 89.17% 

Cuauhtémoc $2.20 $0.07 $14.00 $16.27 13.54% 0.42% 86.05% 

Gustavo A. Madero $9.26 $0.31 $96.91 $106.47 8.70% 0.29% 91.02% 

Iztacalco $5.36 $0.18 $42.73 $48.27 11.11% 0.37% 88.52% 

Iztapalapa $9.09 $0.31 $83.96 $93.36 9.74% 0.34% 89.93% 
La Magdalena 
Contreras 

$3.57 $0.12 $27.74 $31.43 11.37% 0.39% 88.25% 

Miguel Hidalgo $1.89 $0.06 $20.65 $22.60 8.38% 0.25% 91.37% 

Milpa Alta $0.17 $0.01 $1.68 $1.86 9.21% 0.35% 90.44% 

Tláhuac $2.93 $0.10 $26.06 $29.09 10.06% 0.36% 89.58% 

Tlalpan $5.53 $0.19 $51.38 $57.10 9.68% 0.33% 89.99% 
Venustiano 
Carranza 

$4.20 $0.13 $28.40 $32.74 12.83% 0.41% 86.76% 

Xochimilco $2.54 $0.09 $21.27 $23.90 10.64% 0.37% 88.99% 

Total $63.75 $2.08 $600.20 $665.03 9.82% 0.32% 89.86% 

 
Furthermore, the model assumes that the mass, that in this case corresponds to the 
SCP, remains constant over time. The assumption is based on the historical 
behavior and the projections of the population density per municipality in Mexico City 
presented in Figure 44. The population density remained almost constant between 
the year 2000 and 2012 for municipalities like Cuauhtémoc, La Magdalena 
Contreras, Benito Juárez and Álvaro Obregón. During the same period, other 
municipalities experienced a positive growth in urbanization, like Cuajimalpa de 
Morelos, Milpa Alta, Tláhuac and Xochimilco, whereas others like Coyoacán or 
Venustiano Carranza municipalities reported the opposite. Additionally, between 
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2010 and 2014 most of the municipalities experienced significant fluctuations of 
population density, and after 2014 and until 2030 they are projected to be constant. 
Consequently, the model assumes that the masses remain constant in time.  

Figure 44. Population density per municipality in Mexico City (2000-2030) 

 
Next, equation (16) is used to estimate the spring coefficients of the system. Yet, the 
equation has three independent variables, which are the acceleration, the initial 
investment per store and the delta of stores in a period of time. Table 16 shows the 
number of openings of each GR channel per municipality between 2010 and 2019 
for Mexico City.  
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Table 16. Number of GR store openings in Mexico City (2010-2019) 
 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

NANO 58282 58498 58629 58720 87831 87831 88351 88470 88525 88714 

CCS 910 967 993 1075 1425 1425 1697 1928 2101 2110 

MCS 271 300 325 334 390 390 407 448 454 489 

 
The average velocities and the average accelerations were estimated for each GR 
channel as shown in Table 17. It can be observed that nanostores and CCS present 
a deceleration, while the MCS has a positive acceleration.  

Table 17. Velocity and acceleration of GR stores in Mexico City (2010-2019) 

  Velocity Acceleration 
 # 𝒔𝒕𝒐𝒓𝒆𝒔

𝒚𝒆𝒂𝒓⁄  # 𝒔𝒕𝒐𝒓𝒆𝒔
𝒚𝒆𝒂𝒓⁄  # 𝒔𝒕𝒐𝒓𝒆𝒔

𝒚𝒆𝒂𝒓𝟐⁄  

  2010-2011 2018-2019 2010-2019 

NANO 216 189 -27 

CCS 57 9 -48 

MCS 29 35 6 

 
Next, the initial investment for each type of store was estimated, based on 
information retrieved from local news reports and the web. For instance, to open a 
new CCS like an OXXO store, the initial investment ranges from 800,000 and 2 
million Mexican pesos (MXN) as shown in Table 18. In the case of nanostores, they 
range from 25 to 150 thousand MXN, whereas the initial investment to open a new 
hypermarket like a Walmart store is roughly of 140 million MXN. (The exchange rate 
used in this work is of 25 MXN for 1 USD). 

Table 18. Estimated initial investment to open a new GR store in Mexico 

  $ 𝑼𝑺𝑫 (million) 

Nanostore  $         0.006  

OXXO  $         0.056  

Walmart  $         5.574  
 
With the values for acceleration, initial investment and delta of number of stores per 
channel, the spring constant is estimated for each channel, as presented in Table 
19.  

Table 19. Spring constant per GR channel in Mexico City 

Spring constant 

  
$ 𝑼𝑺𝑫

𝒚𝒓𝟐⁄  

NANO     0.00532  

CCS     2.24000  

MCS  153.40653  
 
Afterwards, the damping constants were estimated, as a measure of the productivity 
of nanostores, CCS or MCS. The damper for each mass buffer the oscillations when 
the system is disturbed. To estimate the damping coefficient for each type of 



75 

channel, data was retrieved from official sources on the annual profits per OXXO, 
Walmart, and an estimate of the annual profit for a single nanostore. Subsequently, 
the annual profit is divided by the number of employees per GR type, yielding the 
damper coefficient shown in Table 20, where it is observed that it is an underdamped 
system, and as a result, it is expected that the system will be oscillatory, but the 
amplitude of the oscillations decreases with time and the system stabilizes.  

Table 20. Estimate damping coefficient per channel 

 Annual profit 2019 
$ 𝑼𝑺𝑫 (million) Employees Damper 

coefficient 

NANO 0.002 4 0.0005 

OXXO 3003.96 198000 0.01517152 

Walmart 2160.12 238972 0.00903922 
 
With the estimated parameters of masses, springs and damping coefficients for each 
GR channel, the SimPHY model was set to simulate the behavior of the complex 
system, as depicted in Figure 45. It is observed that the number of GR stores per 
channel grow until they reach an upper boundary, stabilizing over time. This 
boundary might be the effect of a market saturation. In this case, a GR channel can 
achieve further growth by taking existing market share from the competition, or 
through a rise in overall consumer demand.  

Figure 45. SimPHY model for a TMSD with 3 DOF parametrized with the values for Mexico City 
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Scenarios 

Furthermore, the behavior of the masses through time is similar to the historical data 
shown in Figures 32, 35 and 39, that correspond to the behavior of MCS, CCS and 
nanostores correspondently. Therefore, the model was set to create scenarios.  
 
Figure 46 shows the behavior of the GR channels under an “instant” economic 
shock. The force of the shock was applied to the MCS as a vertical negative force, 
causing an instant reduction in the number of nanostores and CCS followed by a 
fast recovery in three oscillations, while the MCS channel experienced a significant 
rise in the number of stores, followed by a quick drop and then by a continuous 
recovery. This scenario shows that nanostores and CCS have similar patterns during 
a short-term crisis. This scenario was inspired by the Coronavirus crisis in Mexico. 
In March 2020, the Mexican government declared a state of emergency, asking 
citizens to stay at home. Consequently, consumers succumbed to panic buying, in 
fear of running out of essential items and to stock groceries in order to steam a worst-
case scenario, and as a consequence, La Comer, one of the largest Mexican MCS, 
reported an increase of more than 64.2% compared to 2019 (Expansión, 2020). 
Moreover, social distancing measures were taken, having an impact in the MCS, as 
they were asked to limit the number of shoppers instore. As an effect, consumers 
augmented the frequency of visits to nanostores and CCS, reporting a 10% growth 
in sales in the case of nanostores (Forbes, 2020).   

Figure 46. Instant economic shock 

 
 
The next scenario models the behavior of the GR channels under a severe long-
lasting recession as depicted in Figure 47. It shows how the three channels 
experience a decline in the market, however, at the minimum point for the MCS, 
nanostores and CCS start behaving with high amplitude oscillations, suggesting that 
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these two channels are trying to cover the available market from the MCS. Once the 
MCS recovers, the entire system exhibits a long-lasting economic expansion.  
 

Figure 47. Long-lasting recession 

 
 
Figure 48 shows a scenario named “pulse” - economic shock for nanostores. This 
setting is depicting an economic shock acting as a pulse on the nanostores, 
generating a prolonged oscillatory pattern that is transmitted to the CCS, but with 
higher frequency. This scenario suggests for nanostores and CCS, that as a store 
exits the market, new ones come in. On the other hand, the MCS remains steady, 
until the crisis is over, creating a spike in all channels. Finally, the underdamped 
system absorbs the shock until it reaches again a steady state.   
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Figure 48. "Pulse" economic shock for nanostores 

 
 
Additionally, Figure 49 presents a model that was created in Simscape, which 
integrates block diagrams to recreate physical components and systems. The model 
is another approach to facilitate the simulation of the proposed complex system, 
which allows the data logging of the signals which facilitated the hypothesis testing.  

Figure 49. Simscape model powered by MATLAB for a TMSD with 3 DOF 
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The Simscape model was parametrized with the same values used in the SimPHY 
model. As depicted in Figure 50, the model seems to have a good fit with respect to 
the historical behavior of the GR channels from Figures 32, 35 and 39.  

Figure 50. Simscape model results for initial parametrization for Mexico City 

 
 
To validate the accuracy of the Simscape model it was calculated the error between 
the values of the model and the historical data presented in Table 21. On average, 
the error for estimating nanostores is of 14%, 12% for CCS and 7% for MCS.  

Table 21. Error estimation between the Simscape model and historical data 

  Simscape model Historical data Error (%) 

Year SimNANO SImCCS SimMCS NANO CCS MCS NANO CCS MCS 

2010 58282 910 271 58282 910 271 0% 0% 0% 

2011 60969.5446 1109.23638 274.432604 58498 967 300 4% 13% 9% 

2012 63243.0261 1109.23638 290.400936 58629 993 325 7% 10% 12% 

2013 65673.3825 1204.11459 323.207663 58720 1075 334 11% 11% 3% 

2014 68087.532 1299.97409 361.803022 87831 1425 390 29% 10% 8% 

2015 70529.7218 1399.73749 392.120152 87831 1425 390 25% 2% 1% 

2016 73029.8682 1501.78761 405.908653 88351 1697 407 21% 13% 0% 

2017 75563.1018 1603.33077 407.608955 88470 1928 448 17% 20% 10% 

2018 78105.9659 1702.42788 411.944947 88525 2101 454 13% 23% 10% 

2019 80617.6289 1799.9356 431.085049 88714 2110 489 10% 17% 13% 

      Average 14% 12% 7% 
 
Moreover, Figures 51, 52 and 53 display the line graphs for the values obtained with 
the Simscape model compared with the historical data for each type of GR channel. 
As depicted in the aforementioned figures, the Simscape model is simulating a 
similar behavior to the historical data and with low errors for a long-term period.   



80 

Figure 51. Simscape model and historical data for nanostores in Mexico City 

 
 
 

Figure 52. Simscape model and historical data for CCS in Mexico City 

 
 

Figure 53. Simscape model and historical data for nanostores in Mexico City 
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Subsequently, the Simscape model shows to have moderate error and therefore, it 
may be used to create scenarios that could depict the behavior of the GR channels 
through time with moderate error.  
 
Figure 54 describes a scenario over two years, in which after an economic shock, 
the banking sector or the government facilitates access to micro-credits for existing 
or new businesses, as a measure to contain the crisis. For instance, Mexico city’s 
social development fund (FONDESO for its acronym in Spanish) launched a 
campaign after the COVID-19 crisis to facilitate fast funding for micro and small firms. 
Consequently, one should expect an increment in the number of small firms. Hence, 
in the context of this work, the number of nanostores should grow like a wave, until 
reaching a peak, probably caused by market saturation. It is worth mentioning that 
the term “peak” is inspired by physics, as the maximum point in a wave. The peak is 
also the start of a contraction, which means that the market is in decline. The decline 
could also be reinforced by the high death rate of nanostores in emerging markets. 
Moreover, the decline will also reach a limit, also known as trough, which is the 
minimum point of the wave, marking the start of a new cycle.  

Figure 54. "Easy" access to micro-credits for nanostores  

 
 
Moreover, Figure 54 also illustrates that while the number of nanostores oscillate 
almost undamped with a slight decreasing trend despite easy access to micro-
credits, the number of CCS and MCS grow. Yet, CCS present oscillations of low 
amplitude, probably caused by the wave of the nanostores, becoming a shock 
absorber for the MCS.  
 
To corroborate H2 statistically, linear regression models were run for each type of 
GR channel. This approach seeks to compare the differences between the 
coefficient of determination for the linear regression models for each signal. The 
results show that nanostores present the lower coefficient, meaning that the 
fluctuations are greater than the fluctuations of MCS and CCS, that present values 
of 99.10 and 77.59 respectively.  
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Table 22. Coefficients of determination for the linear regressions fitted for each signal (NANO, 

CCS, MCS) 

R-squared NANO R-squared CCS R-squared MCS 

25.75% 99.10% 77.59% 

 
Therefore, H2 is accepted. Under an economic shock, nanostores act as shock 
absorbers for the grocery retail sector, presenting higher signal frequencies than 
CCS or MCS, until the energy of the shock is dissipated, and the market stabilizes.   
 
 
4.5 Conclusions and future research 
 
This study is a contribution in line with the field of econophysics by presenting how 
a TMSD can describe the behavior of the GR landscape in a megacity in emerging 
markets under economic shocks. Despite the TMSD has been widely studied and 
applied in other fields of science like mechanical, aerospace, biomechanical, and 
civil engineering, this work shows that it can also be used as a deterministic 
approach for modeling complex macroeconomic dynamic systems.  
 
Furthermore, statistical evidence is presented to exhibit that the model adjusts with 
moderate error, suggesting that the scenarios that the model depict are possible. 
For example, the instant economic shock scenario inspired by the Coronavirus crisis 
in Mexico presents outcomes similar to reality. When the emergency was declared, 
panic buying shoppers stockpiled groceries and everyday items, resulting in a fast 
sales growth for the GR sector, and more significant in the MCS channel.  However, 
after the first waves of panic buying, disruptions in the supply chain started to take 
place, and as a consequence, MCS restricted the number of items per shopper and 
also the number of shoppers instore. Suddenly, the attention shifted to the 
importance of nanostores for supplying groceries and essential items. In this 
particular case of the Coronavirus crisis, the nanostore channel showed the 
advantages of proximity, by covering the vast majority of the city and of having small 
operations. The latter became a crucial factor to become the most convenient 
channel to buy groceries while keeping social distancing (Forbes, 2020). As a result, 
nanostores reported a growth of 10% in sales.  
 
Moreover, the long-lasting recession scenario shows one possible outcome because 
of the Coronavirus crisis, that according to the International Monetary Fund (IMF), 
the world is facing the worst downturn since the Great Depression (New York Times, 
2020). Therefore, it is expected that shoppers change their consumption behavior. 
During the Argentinian economic crisis of 2002, shoppers increased their frequency 
due to a lower purchasing power, becoming an important coping mechanism for 
households (McKenzie et al., 2001). Thus, it is expected that in Mexico City, 
households will change the frequency of their purchases, the GR stores at which 
these purchases are made, and the items purchased. The variations of the 
purchasing behavior of consumers and their purchasing power should be 
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determined as an input to estimate again the masses of the model to create new 
scenarios. For instance, if consumers raise awareness of the perception trap 
discussed in Chapter 3, then they will probably change their purchasing patterns, 
and consequently change the estimation of the masses. This is clearly a limitation of 
the model because of the time that it will take to collect that data, that could be 
greater than the period of the economic shock. 
 
In addition, all the scenarios present fluctuations that could be interpreted by the real 
business cycle theory that proposes four stages. An expansion phase of economic 
growth until it reaches a peak, which is the inflection point and the start of a 
contraction, also known as recession in economics, and finally in its lower point, the 
trough which is another inflexion point but to start a recovery. The effects of business 
cycles create a bullwhip effect in the supply chain. That in the case of nanostores 
has a greater impact because they lack systems for better decision-making.  

 
Finally, the TMSD model could be applied to depict the behavior of other industries, 
for instance in the hospitality sector, where chain restaurants, fast-food businesses 
and little eateries compete aggressively for the market.  
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Chapter 5 
 

Conclusions, managerial insights and future research 
 
This dissertation presents a comprehensive work to study the evolution of the 
grocery retail GR landscape in a megacity in emerging markets, composed by three 
studies that complement each other.  
 
Chapter 2 
 
The first study is presented in Chapter 2. A spatial and statistical analysis suggests 
that despite the modernization of the GR industry and the fast growth of the CCS, 
nanostores will endure and most relevantly, coexist with the MCS and CCS. 
Moreover, statistical evidence shows that the middle- and low-income class 
consumers in emerging markets are attached to nanostores, but high- and medium-
high income classes are attached as well. This finding raises awareness for 
distributors to implement a better fleet-assignment to avoid unnecessary presence 
of freight vehicles in areas of the city that do not have parking spaces, especially for 
serving nanostores as described in Figure 14.  
 
Moreover, the study conducted in Chapter 2 shows that the intervals for the means 
of Pop. H, Pop. MH and Pop. L overlap, the population means may be statistically 
significant, suggesting that there is no statistical difference with respect to the 
penetration of MCS in High, Middle-high, Middle-Low and Low classes. Nonetheless, 
the Interval Plot depicts that the confidence intervals of the means of High and 
Medium-high are greater than the Medium-Low and Low means, implying that MCS 
are more likely to be accepted by High and Medium-high SEL and then followed by 
lower SEL, thus C6 may hold for Mexico City.  
 
The latter causes a slowdown in the diffusion of the MCS among medium-low and 
low SEL areas. However, the MCS has addressed this challenge by introducing 
small-size discount store formats, as discussed later in Chapter 3. Nonetheless, the 
number of MCS and CCS is still too small compared to the presence of nanostores. 
The physical proximity of nanostores is significantly greater than the proximity of 
MCS or CCS to households, facilitating the frequency of visits as one of the factors 
that is making nanostores endure. 
 
Concerning future investigation, it is suggested to conduct further analysis with 
respect to the influence of transportation networks on the location of GR stores and 
the distribution implications of the site location of each channel. Moreover, it is 
suggested to conduct a more sophisticated study in terms of geospatial analysis to 
have a better understanding of the terrain and the differences of height over the sea 
level of the GR stores, to make better fleet assignment decisions and more efficient 
routing for the distributors. This research direction could provide valuable managerial 
insights in the fields of routing and facility location.  
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Chapter 3  
 
This study was motivated by the lack of a unified classification of the GR sector, a 
gap that was identified after conducting an extensive literature review on previous 
studies on the field. The study included a) literature review to identify relevant gaps, 
hypotheses and findings related to the grocery retail (GR) landscape to define 
research questions b) building and preparing the instruments to collect data in the 
field and the training of the analysts c) cleansing of data to perform statistical 
analyses d) getting findings and insights for decision makers to propose data-driven 
strategies and policymaking. 
 
The sample size of the primary data collection in the field was of 450 observations 
scattered throughout Mexico City as shown in Figure 13, composed of 292 surveys 
to nanostores, 112 to CCS and 47 to MCS. The results of the descriptive and 
statistical analyses show evidence of the significant differences of physical 
characteristics of the GR stores. For example, MCS have significantly higher 
expected values for the offering of parking spaces for customers and suppliers than 
other channels. The latter is consistent with contentions from the literature related to 
the relationship between proximity and frequency of purchasing. Characteristics that 
during the Coronavirus crisis have proved to be decisive for the growth of sales in 
the nanostore channel.  
 
Moreover, nanostores are situated 33% in a corner or intersection, whereas CCS 
and MCS are located 69% and 26% in a street corner. Also, 55% of the MCS have 
an entire block as site election due to the physical dimension of the stores, showing 
evidence that CCS and MCS are more salient than nanostores. These aspects and 
the finding that nanostores lack a standardized store-image versus CCS and MCS, 
may be associated with the results from previous research that have identified a 
relative expectation about pricing, which depend on store-image and store location. 
At a high-price store image, customers expect higher prices for products, whereas 
at low-price store image, customers expect low prices and also, customers expect 
higher prices for products at more salient stores, becoming a costly perception trap 
for low SEL consumers, which is consistent with previous studies that show that the 
poorest consumers in emerging megacities often pay more for their groceries 
(Fransoo et al., 2017). 
 
In addition, the study shows that nanostores can serve customers faster than MCS 
or CCS because they are more efficient at the point of check-out, suggesting that it 
is the preferred channel for buy-to-consume purchases. Nonetheless, most 
nanostores depend on cash payments and very few use technologies to register the 
transactions and little information is therefore shared with manufacturers. This 
finding highlights the relevance of conducting a comprehensive study to identify the 
key factors that may enable the adoption and use of technology by nanostore 
shopkeepers. The use of technology should increase the efficiency of daily 
operations at nanostores. The increase in productivity could be marginal, however, 
it may increase the survival rate of these small firms, particularly during an economic 
crisis, because they are the most vulnerable of the sector.  



86 

 
 
Figure 55 depicts the performance gap between micro, small and medium firms in 
some Latin American and European countries. In Mexico, the gap between a small 
and a medium firm account for approximately 40% while in Germany is less than 
20%. When a nanostore dies, another one is born, causing an oscillating behavior 
as illustrated in Figures 46 and 47. 

Figure 55. Source: OECD-ECLAC (2017), Latin American Economic Outlook 2017. SMEs policies 
for Structural Change 

 
Moreover, during the Great Depression, the most productive stores survived at 
higher rates, and prompted technological innovations in the industry, shaping the 
future of the GR sector (Basker et al., 2018). The latter suggests that the Coronavirus 
crisis will shape the future of the GR sector, becoming a relevant topic to expand this 
research. Concerning other possibilities for future research, it is suggested to 
conduct a comprehensive analysis with respect to the logistics implications due to 
the growth of the grocery wholesalers (GW) as it has become an important source 
of supply to nanostores.  
 
Concerning future research, the study could incorporate the traditional markets such 
as the “central de abastos”, “mi mercado” or itinerating markets as “tianguis”, nor the 
online channel. This way, the classification and understanding of the differentiators 
of each type of GR channel and stores will be complete.  
 
Finally, a key contribution to the literature of this work is the creation of the taxonomy 
of grocery retail stores in Mexico City. The classification offered in Table 10 will 
facilitate the decision-making for the stakeholders of the grocery and food supply 
chain and policymakers.  
 
Chapter 4  
 
This chapter shows the development of a deterministic model to understand the 
behavior of complex macroeconomic dynamic systems. A tuned mass spring 
damper (TMSD) model was developed to describe the GR landscape in a megacity 
in emerging markets, the interactions and the behavior of the GR channels under 
economic shocks. This model is a contribution in line with the field of econophysics, 
by blending vibrations and real business cycle theories.  
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The model, inspired by the lessons of nature, enables the creation of a setting in 
which the sum of consumption power for each GR channel becomes masses. Those 
masses are interconnected by springs and dampers in parallel, that represent the 
growth potential for each GR channel and the productivity as a rate of the average 
initial capital investment by number of employees per channel. After estimating the 
parameters of the system, Figure 45 shows that the position of the masses in the 
vertical axis grows until reaching an upper boundary, stabilizing the number of stores 
per channel in time. These boundaries might represent the market saturation. 
Moreover, once the system is disturbed by an external force, representing an 
economic shock, the entire system reacts with each mass having an independent 
oscillating behavior until reaching stability again. It is proposed that the fluctuations 
represent the four stages of the economic cycles. If the signal depicts a growth, it 
means that the economy is in expansion, until it reaches a peak as a consequence 
of reaching the limit on demand, to later start a decline, also known as a contraction 
or recession, until it reaches a lower limit or trough, that marks the beginning of a 
new cycle. The behavior of the business cycles creates a bullwhip effect in the supply 
chain.  
 
Statistical evidence presented in Table 21 shows that the model adjusts with 
moderate error to historical data, suggesting that the model could depict feasible 
future scenarios. The most relevant scenarios discussed in the study are inspired by 
the impact of the Coronavirus crisis in Mexico. This crisis has had an impact globally 
and the magnitude is comparable to that of the Great Depression. The measures to 
stop the pandemic have put the world in an unprecedented lockdown, also named 
as the Great Lockdown. The instant economic shock scenario depicts the outcome 
of the first waves of panic buying and of the shortages caused by the disruptions in 
the supply chain. Consequently, the MCS experienced a fast growth in sales, 
followed by a contraction when more severe measures were enforced, like the 
restrictions on the number of items per shopper and the number of shoppers instore 
for social distancing. The latter motivated consumers to change their purchasing 
behavior, buying less but more frequently, hence, nanostores reported a growth of 
10% in sales in the short-term. The model presents a similar pattern for CCS, that in 
the case of OXXO reported a growth of 5.5% in the first quarter of 2020, but with 
less frequency of visits (El Financiero, 2020). However, the scenario did not take into 
account another economic shock for the CCS, which was the declaration of the “dry 
law”, prohibiting the sale of alcoholic beverages, causing a severe drop in sales for 
the CCS. A future direction of this work could be the inclusion of other types of 
shocks, like pulses or random shocks, to identify adjustment mechanisms that the 
GR channels could enforce to be more resilient.  
 
The TMSD model could be applied to illustrate the behavior of other industries, for 
instance in the hospitality sector, where chain restaurants, fast-food businesses and 
little eateries compete aggressively for the market. 
 
Finally, the threefold methodology could be used to compare the development of 
cities and indicate if they are in a process of concentration or deconcentration. 
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Urbanization in developing countries have had a dramatic growth during the past 20 
years, as a natural phenomenon of development, agglomerating most of the 
economic, education, political, financial and business activities within cities. 
Consequently, nowadays more than half of the globe’s total population live in urban 
settlements. In the developing world, studies suggest that the urban concentration 
increases economic growth in the early stages of development. However, the 
excessive concentration significantly reduces economic growth rates (Henderson, 
2002) and deteriorate the quality of life, leading to a deconcentration process, in 
which the investment of infrastructure shifts to the hinterlands regions seeking to 
reduce the cost of production and labor.  
 
Managerial Insights 
 
The results observed in this dissertation contain substantial managerial insights that 
are useful for the stakeholders of the grocery retail sector.  
 
The study conducted in Chapter 2 shows that nanostores, modern channel stores  
(MCS) and convenience chain stores (CCS) coexist under the conditions of a 
megacity in emerging markets like Mexico City, regardless of the socioeconomic 
levels that coinhabit urban areas. For the nanostores’ shopkeepers, it means that 
they shouldn’t be as concerned as they currently are due to the fast growth of the 
CCS. Instead of that, nanostores could take advantage of their efficiency for check-
out, as one of the differentiators that consumers of various socioeconomic levels 
(SEL) prefer when acquiring buy-to-consume products. From the consumers’ 
perspective, the coexistence of grocery retail (GR) stores suggests that they should 
identify the functional benefits of each GR channel and store format offer to make 
better choices of when and where to buy groceries. For instance, if the need is to 
buy-to-stock groceries, then they should select a MCS, like a discount store in case 
they do not have the purchasing power to visit a hypermarket or a membership store. 
On the other hand, if the need is to buy-to-consume, then the nanostores could be 
the most suitable channel, unless they need to pay with credit or debit cards. In that 
case, the CCS might be the best choice.  
 
Moreover, to take advantage of the coexistence insight, it could be linked with the 
findings from Chapter 3. In the case of MCS firms that already have presence in High 
and Medium-high socioeconomic level (SEL) areas that decide to penetrate Medium-
low and Low SEL areas, they should preferably enter with small store formats, like 
discount stores or mini-markets, with low store images, assuming that they steal 
market share from nanostores. Consumers of Medium-low and Low SEL areas are 
more likely to purchase at businesses that are perceived as low cost. Therefore, the 
physical proximity of MCS to the households will be greater, implying that Medium-
low and Low SEL consumers could visit these stores much more easily and 
frequently, saving time and money on buy-to-stock purchases. For policymakers 
implies that they should consider relaxing land use regulations, allowing mix-used 
zoning in residential areas; otherwise the MCS will not be able to find appropriate 
commercial spaces for establishing their businesses. But if so, policymakers must 
consider that loading/unloading bays are necessary to facilitate the access of 
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vehicles for the distribution of goods, otherwise the policy will trigger mobility 
inefficiencies as observed in Figure 56, where a freight vehicle unloads goods in 
middle of the street due to the lack of parking spaces.  

Figure 56. Freight vehicle parked in the street to serve a Neto mini-market store in Mexico City 

 
 
Furthermore, the perception trap discussed in Chapter 3 has managerial implications 
related to the coexistence of GR stores in the megacity. Recapitulating, at a high-
price store image, customers expect higher prices for products, whereas at low-price 
store image, customers expect low prices and, customers expect higher prices for 
products at more salient stores. Notwithstanding, nanostores often charge higher 
prices than CCS and MCS, and in some cases could be as high as 30%, implying 
that the poorest pay more for their groceries. The latter could be a reason why 
nanostores endure and coexist with MCS and CCS. Because of a business model 
in which they have high margins for low volumes, but at a high frequency of 
purchases for hundreds of customers.  
 
Therefore, nanostores are not motivated to invest in their store image. For CPG’s 
means that they could invest less when sponsoring nanostores located in Low SEL 
areas. In this case, less is more. For the consumers, the increments at nanostores 
could be unperceivable due to the low average ticket, however as the purchases at 
nanostores are of high frequency, consumers should raise awareness with respect 
to the savings that they could achieve if planning weekly or monthly grocery 
purchases. Nevertheless, this depends on the purchasing power of the consumers. 
The latter restriction has been exploited by nanostores, offering informal credits to 
regular consumers (Fransoo et al, 2017).  
 
Moreover, nanostores are more expected to be located in the mid-blocks as 
presented in Figure 17. Therefore, distributors may consider using side-door 
vehicles to serve nanostores, as more than 90% lack of parking spaces, implying 
that vehicles park in the middle of the street as presented in Figure 56, consequently 
the side-doors could facilitate the handling of goods and simplifying deliveries for 
several clients at close range.  
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Another insight presented in Chapter 3 is that a third of the nanostores have aisles 
evidencing the adoption of the self-service format by nanostores, where the function 
of the shopkeeper has changed considerably, from fulfilling all the customers’ 
requirements directly, to becoming more a cashier at the counter, implying that 
shopkeepers at these stores have more time to perform other activities. For 
companies that offer technology (mainly POS systems) means that these nanostores 
may adopt their systems more easily than other nanostores. For CPGs means that 
the presentation of the products offered at these stores should facilitate their picking 
at the shelves for buy-to-consume.  
 
With respect to the opening hours, the observed statistical evidence suggests that 
nanostores are more efficient than CCS and MCS in terms of the resources needed 
when the stores are open. For distributors this means that they should focus on 
operational ways to reduce the interaction with the shopkeepers for the physical 
distribution and the payment collection, assuming that they are more focused on 
serving customers for check-out. During the data collection process, was observed 
congestion of distributors at some nanostores, waiting for their turn to be received 
by the shopkeepers (often are single-owner-operated establishments), generating 
inefficiencies in the routing. One factor that distributors may consider for evaluating 
routing alternatives are the trading hours presented in Figure 21.  
 
Furthermore, the model presented in Chapter 4 shows that the GR stores per 
channel grow until they reach an upper boundary, stabilizing over time. This 
boundary might be the effect of the market saturation. For the MCS and CCS means 
that when planning a new opening, they should estimate the masses (equation 16) 
for each GR channel within a region to decide if it’s worth investing on a new store 
(MCS and CCS are very costly as presented in Table 18). MCS could compare the 
yearly income at the existing stores within the region with the values of the masses. 
If the sum of the income of the existing stores is less than the mass, then they could 
start planning a new opening. The latter method could be applied as a rule of thumb 
for better decision making. In addition, a GR channel can achieve further growth in 
a region by taking existing market share from the competition, or through a rise in 
overall consumer demand. 
 
The “instant” economic shock described in Chapter 4 was inspired by the impact of 
the Coronavirus crisis in Mexico. For nanostores and CCS means that they should 
expect high frequency fluctuations in demand, which will trigger a bullwhip effect 
upstream in the supply chain. Under these circumstances, CPGs and distributors 
should monitor the frequency and amplitude of the demand oscillations to identify if 
the system is damping or if it continues unstable. As most of the nanostores lack of 
a system that facilitates forecasting or demand planning, then the CPGs and 
distributors could suggest nanostores how much products they should buy and 
when. The latter will reduce the risk for nanostores of running out of cash, hence, 
helping nanostores to survive the crisis. Policymakers should raise awareness of the 
relevance of the survival of nanostores, as they became a crucial channel for 
supplying groceries and essential items to households during the lockdown, also 
becoming the most convenient channel to buy groceries while keeping social 
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distancing (Forbes, 2020). Thus, policymakers could create programs to leverage 
these businesses. During the Argentinian economic crisis of 2002, shoppers 
increased their frequency due to a lower purchasing power, becoming an important 
coping mechanism for households (McKenzie et al., 2001). 
 
 
Overall, this dissertation has presented a comprehensive research that sheds light 
on the evolution and future of the grocery retail landscape in a megacity in emerging 
markets and posits new avenues of scientific research.  
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Appendix A 
 
Abbreviations and acronyms  
 
  

Abbreviations 
  

  Description 

App Application, especially as downloaded by a user to a mobile 
device 

FONDESO Fondo para el Desarrollo Social de la Ciudad de México  
 
 

 Acronyms 
  Description 
MCS Modern Channel Stores 
CCS Convenience Chain Stores 
TMSD Tuned Mass-Spring-Damper  
SEL Socio-Economic Level 
GR Grocery Retail 
CPG Consumer-Packaged Goods   
UN United Nations 

DENUE Directorio Estadístico Nacional de Unidades 
Económicas 

INEGI Instituto Nacional de Estadística y Geografía 
ENIGH Encuesta Nacional de Ingreso y Gasto de los Hogares 
ANOVA Analysis Of Variance 
CC  Chapter Conjenctures 
POP Point Of Purchase 
POS Point Of Sale 
GW  Grocery Wholesalers 
BAE Bodega Aurrera Express 
DOF  Degrees Of Freedom 
SI Systeme Internationale 
IMF International Monetary Fund 
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Appendix B 
 
Variables and Symbols 
 

Variable Description Units 

Pop. H Discrete variable. Number of High SEL inhabitants 
per Zip Code Population 

Pop. MH Discrete variable. Number of Medium-high SEL 
inhabitants per Zip Code Population 

Pop. ML Discrete variable. Number of Medium-low SEL 
inhabitants per Zip Code Population 

Pop. L Discrete variable. Number of High SEL inhabitants 
per Zip Code Population 

R. CCS/Pop. H Continuous variable. Ratio between CCS and Pop. 
High Stores/Population 

R. CCS/Pop. MH Continuous variable. Ratio between CCS and Pop. 
Medium-high Stores/Population 

R. CCS/Pop. ML Continuous variable. Ratio between CCS and Pop. 
Medium-low Stores/Population 

R. CCS/Pop. L Continuous variable. Ratio between CCS and Pop. 
Low Stores/Population 

R. MCS/Pop. H Continuous variable. Ratio between MCS and Pop. 
High Stores/Population 

R. MCS/Pop. MH Continuous variable. Ratio between MCS and Pop. 
Medium-high Stores/Population 

R. MCS/Pop. ML Continuous variable. Ratio between MCS and Pop. 
Medium-low Stores/Population 

R. MCS/Pop. L Continuous variable. Ratio between MCS and Pop. 
Low Stores/Population 

R. NANO/Pop. H Continuous variable. Ratio between NANO and Pop. 
High Stores/Population 

R. NANO/Pop. MH Continuous variable. Ratio between NANO and Pop. 
Medium-high Stores/Population 

R. NANO/Pop. ML Continuous variable. Ratio between NANO and Pop. 
Medium-low Stores/Population 

R. NANO/Pop. L Continuous variable. Ratio between NANO and Pop. 
Low Stores/Population 

R. CCS/Area Continuous variable. Ratio between CCS and Area 
(km2) Stores/Population 

R. MCS/Area Continuous variable. Ratio between MCS and Area 
(km2) Stores/Population 

R. NANO/Area Continuous variable. Ratio between NANO and Area 
(km2) Stores/Population 

Bin. H 
Binary variable. Nominal scale (two categories): 
"Presence of High SEL population" = 1 to "No 
presence of High SEL population" = 0 

 

Bin. MH 
Binary variable. Nominal scale (two categories): 
"Presence of Medium-high SEL population" = 1 to 
"No presence of Medium-high SEL population" = 0 

 

Bin. ML 
Binary variable. Nominal scale (two categories): 
"Presence of Medium-low SEL population" = 1 to "No 
presence of  Medium-low SEL population" = 0 

 

Bin. L 
Binary variable. Nominal scale (two categories): 
"Presence of Low SEL population" = 1 to "No 
presence of Low SEL population" = 0 

 

𝒚𝟏(t) Displacement of mass 1 (m) in time.  
Number of Nanostores openings in time.  

 (# stores) 
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𝒚𝟐(t) Displacement of mass 2 (m) in time. 
Number of CCS openings in time.  

 (# stores) 

𝒚𝟑(t) Displacement of mass 3 (m) in time. 
Number of MCS openings in time.  

 (# stores) 

𝑦1(t=0)  
Initial position of mass 1 (m) in time. 
Number of initial Nanostores.  (# stores) 

𝒚𝟐(t=0) Initial position of mass 2 (m) in time. 
Number of initial CCS.  (# stores) 

𝒚𝟑(t=0) Initial position of mass 3 (m) in time. 
Number of initial MCS.  (# stores) 

𝒎𝟏 (m) Mass 1 
Sum of Consumption Power in Nanostores SCPn  

 ($ USD) 

𝒎𝟐 (n) Mass 2 
Sum of Consumption Power in CCS      SCPccs  

 ($ USD) 

𝒎𝟑 (o) Mass 3 
Sum of Consumption Power in MCS     SCPmcs  

 ($ USD) 

F(t) External force 
Economic Shock acting on the system  

 ($USD # 𝒔𝒕𝒐𝒓𝒆𝒔
𝒚𝒓𝟐⁄ ) 

𝒈 Gravitational acceleration 
Urban attractiveness acceleration for stores UAAS 

 (# 𝐬𝐭𝐨𝐫𝐞𝐬
𝒚𝒓𝟐⁄ ) 

𝒌𝟏 (k) 
Spring constant 1 
Growth potential constant for Nanostores  GPCn 
  

 ($ 𝐔𝐒𝐃
𝒚𝒓𝟐⁄ ) 

𝒌𝟐 (j) Spring constant 2 
Growth potential constant for CCS  GPCccs  

 ($ 𝐔𝐒𝐃
𝒚𝒓𝟐⁄ ) 

𝒌𝟑 (j) 
Spring constant 3 
Growth potential constant for MCS GPCmcs 
  

 ($ 𝐔𝐒𝐃
𝒚𝒓𝟐⁄ ) 

𝒃𝟏 (b) Damping constant 1 
Productivity damping constant 1  

 ( $𝑼𝑺𝑫
𝒚𝒓⁄ ) 

𝒃𝟐 (v) Damping constant 2 
Productivity damping constant 2  ( $𝑈𝑆𝐷

𝑦𝑟⁄ ) 

𝒃𝟑 (v) Damping constant 3 
Productivity damping constant 3  ( $𝑈𝑆𝐷

𝑦𝑟⁄ ) 
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Appendix C 
 
Additional illustrations and surveys 
 

Figure 57. Illustration of an OXXO corner store in Mexico City 

 
Figure 58. Illustration of a 7 Eleven corner store in Mexico City 
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Figure 59. Super City corner store in Mexico City 

 
Figure 60. Illustration of a Tiendas 3 B discount store in Mexico City 
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Figure 61. Illustration of a BAE discount store in Mexico City 

 
Figure 62. Illustration of a Zorro Abarrotero GW store in Mexico City 
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Figure 63. Illustration of a nanostore with a tent in Mexico City 

 
Figure 64. Illustration of a nanostore with 2 entrances, alleys and internal "barred windows" in 

Mexico City 
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Table 23. Surveys for primary data collection 

Nanostores CCS MCS 

Q1: Where is the store located? Q1: Where is the store located? Q1: Where is the store located? 
Q2: Does the facade of the 
establishment have a sponsor? 

Q2: Does the facade of the 
establishment have a sponsor? 

Q2: Does the facade of the 
establishment have a sponsor? 

Q3: Does the store have 
advertisements for promotions on the 
facade? 

Q3: Does the store have 
advertisements for promotions on the 
facade? 

Q3: Does the store have 
advertisements for promotions on the 
facade? 

Q4: The store offers parking for: Q4: The store offers parking for: Q4: The store offers parking for: 
Q5: Does the store display products 
outside the store? - - 

Q6: How many cash registers the 
store have? 

Q6: How many cash registers the 
store have? 

Q6: How many cash registers the 
store have? 

Q7: How many cash registers were 
operating? 

Q7: How many cash registers were 
operating? 

Q7: How many cash registers were 
operating? 

Q8: How many refrigerators does the 
store have? - - 

Q9: Does the store offer fruits and / or 
vegetables? - - 

Q10: Are there ATMs in the store? Q10: Are there ATMs in the store? Q10: Are there ATMs in the store? 
Q11: Does the store have surveillance 
personnel? 

Q11: Does the store have surveillance 
personnel? 

Q11: Does the store have surveillance 
personnel? 

Q12: How many access doors does 
the store have? 

Q12: How many access doors does 
the store have? 

Q12: How many access doors does 
the store have? 

Q14: Does the store offer a toilet 
service to the public? 

Q14: Does the store offer a toilet 
service to the public? 

Q14: Does the store offer a toilet 
service to the public? 

Q15: How full are the store shelves? - - 
Q16: What internal characteristics 
does the store have? - - 

Q17: At what time does the store 
open? 

Q17: At what time does the store 
open? 

Q17: At what time does the store 
open? 

Q18: At what time does the store 
close? 

Q18: At what time does the store 
close? 

Q18: At what time does the store 
close? 
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Appendix D 
 
The following undergraduate students from the school of engineering of Tecnológico 
de Monterrey, participated in the data collection process for the study conducted in 
Chapter 3. 

José Eduardo Vargas 

José Gerardo Rodríguez 

Claudio Maluf 

Diego Salcedo 

Alberto Pérez 

Gerardo Ramírez 

Edgar Contreras 

Romi Farinango 

Mauricio Padilla 

Raphaël Clement 

Quentin Christian 

Pablo Villavicencio 

José Ricardo De la Mora 

Ana Aldeco 

Rebeca Flóres 

Hugo Arias 

Luis Centeno 

Georgina Ozuna 

Rodrigo Velasco 

Sabdi Ríos 

José Ramírez 

Joaquín García 

Adolfo González 

Larissa Cochran 

Carlos Gutiérrez 

Ian Guerrero 

Karla Alcántara 

Samuel Legorreta 

Alan Quinto 

Daniel Zapata 

Martín Gutiérrez 

Oliver Tirado 

Claudia Castillo 

Alexander Torreblanca 

David Márquez 

Arturo Arreguin 

José Pantoja 

Michelle Ruesga 

Diego López 
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