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Abstract 
 

Innovation in the food and drink industry is an important business strategy to ensure 

not only the sustainability of food manufacturing companies but also the satisfaction 

of consumers’ demands. Recently, there has been an increase in the production of 

innovative food and drink products most notably in the United States, Europe and 

Japan, with the highest rate of innovation within the dairy industry. The most 

prevalent type of innovation has been the development of so-called “functional food.” 

“Functional foods” are food products that provide additional health benefits besides 

nutrition, presenting a potentially promising innovation in the food and drink industry.  

 

The main interest of this research is to measure the expenditure and price elasticities 

to get an understanding of the consumer acceptance of innovative food products in 

Spain and ultimately analyze the potential profitability of various innovative dairy 

products. Using 2011 daily retail scanner data from a major supermarket chain in 

Madrid and Barcelona, the consumer demands for four categories of both yogurt and 

milk are analyzed, including whole-fat, low-fat, nutritionally-enhanced, and drinkable 

yogurt as well as whole, semi-skim, skim and functional milk.  

 

Expenditure elasticities estimated with a QUAIDS model indicate that drinkable and 

enriched yogurt and milk products are luxury goods and low-fat and whole-fat yogurt 

and milk are necessity goods. Furthermore, both age and gender have significant 

impact on the consumption of various yogurt and milk categories. In addition, own-

price elasticity estimates reveal that for both products, whole-fat varieties are more 

elastic than low-fat. In general, demand for drinkable yogurt and nutritionally-

enhanced yogurt and milk is relatively inelastic, showing that food innovation in 

yogurt and milk could offer potentially high returns on investment in Spain.  

 

Keywords: food innovation, functional food, QUAIDS, own-price elasticity, 

expenditure elasticity 
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Introduction 

Innovation in the food and drink industry 

 

In 2006, the share of total household expenditure on food was estimated around 10-

14% in high-income countries and up to 40-50% in low-income countries (Winger 

and Wall, 2006). The global food industry, with global retail sales exceeding 2 trillion 

US$, therefore represents one of the largest industries in the world (Winger and Wall, 

2006). It is a commonly accepted notion that innovation is one of the main drivers of 

economic growth. As in most industries, innovation in the food and drink industry, or 

FDI, is an important business strategy to ensure the sustainability of food 

manufacturing companies and satisfaction of consumers’ demands. In fact, due to the 

growing world population, increase in urbanization, rises in income, environmental 

and ethical concerns, and general changes in lifestyles, innovation in the food sector is 

expected to become especially important in the future (Winger and Wall, 2006).  

 

In the past, retailer own labels were considered as a low-price alternative to leading 

market brands. Currently, however food manufacturers and product suppliers are 

under increasing competition with retailers for shelf space, as retailers are trying to 

extend their range of own labels taking increasing market shares (Martinez and Briz, 

2000). In the U.S., of the nearly 18,000 products offered to supermarkets each year, 

only 10% are displayed on the shelves (Winger and Wall, 2006). Furthermore, shelf 

space is constantly shifting and estimates have suggested that only 1% of products 

found on the shelves now will still be there in 5 years (Winger and Wall, 2006). 

Taking these developments into account, it is increasingly important that food 

suppliers actively try to regain market power by creating innovative, well-

differentiated and patentable products (Martinez and Briz, 2000). 

 

Product development, or PD, is the systematic commercial-oriented research to 

develop novel products in order to satisfy a known or suspected consumer need 

(Winger and Wall, 2006). The “newness” of a product in the food industry can refer 

to the development of an innovative food product, or new packaging, reformulating or 

repositioning of existing products. Innovative food products can either be completely 

new to the market, new to the company, value added products, or line extensions 
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(Winger and Wall, 2006). In terms of product development, there has been a 

preference for the redevelopment of existing products (incremental) over the 

introduction of radically novel products (radical) in part due to the high risk 

associated with complete innovation (Stewart-Knox and Mitchell, 2003). Although 

studies have also suggested that radically altered food is more successful and 

profitable (Stewart-Knox and Mitchell, 2003). Studies have shown that the way food 

manufacturers innovate varies (Traill and Meulenberg, 2002). High-income countries 

like the U.S, Japan, and various countries in Europe together account for more than 

60% of the total retail processed food sales worldwide (Winger and Wall, 2006). The 

high costs associated with product development, including investment in R&D and 

often expensive technologies, present some of the major barriers for small and 

medium-sized companies, SME, to enter the food industry, especially when they 

depend on external aid. When developing a new product, all possible steps from the 

initial strategy planning, to the design, commercialization and launch must be 

carefully managed to ensure the profitability of the new food item. 

 

Several factors have been presumed to increase the success rate of innovative goods 

including effective marketing and communication, large market size and need, 

product uniqueness, but also cross-functional product development teams, thorough 

market research and a general good understanding of consumer needs and preferences 

(Winger and Wall, 2006). According to the Economist 2005, a major focus of the 

food industry should therefore be increased investment in Research and Development, 

or R&D (Economist, 2005). In 2006, estimates showed that food and drink 

manufacturers allocated only 1.6% of their revenue to R&D (Winger and Wall, 2006). 

In fact, the food and drink sector is considered to have one of the lowest R&D-to-

sales ratio of any industrial sector (Martinez and Briz, 2000). 

Food innovation in Spain 

 

Compared to other countries, Spain has a comparatively weak position in terms of 

food product development. Out of the 5,561 new products introduced in the Spanish 

food industry in 1997 for example, only 0.4% were classified as truly “new” with the 

majority of the products being “me-too” products, or copies of competitors’ 

innovations (Martinez and Briz, 2000). Although R&D expenditure in Spain is 
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relatively high in the FDI compared to other European countries the technological 

levels are lower, creating a dependency on foreign technical advances (Martinez and 

Briz, 2000). Furthermore, the majority of the food and drink companies in Spain are 

relatively small in size and cannot afford European technical standards thereby 

hindering them from producing large enough volumes of similar quality (Martinez 

and Briz, 2000). By not being able to reap the benefits of economies of scale, Spanish 

food companies cannot maintain strong market positions against competing retailers 

(Martinez and Briz, 2000). In accordance to the Schumpeterian hypotheses that large 

firms with large market power tend to be more innovative, R&D in Spain has also 

been shown to be concentrated on large firms. In 1995, for example, large firms with 

over 250 employees accounted for 63% of all the R&D expenditure (Martinez and 

Briz, 2000).  

 

The Spanish FDI focuses more on incremental products (line extensions) rather than 

radically altered food and drinks. Furthermore, due to the lack of technological and 

economic resources, the Spanish FDI places more importance on product innovation 

than process innovation. In 2000, questionnaire results indicated that Spanish food 

and drink companies saw economic factors and too small R&D budgets as the main 

barriers to innovation in Spain (Martinez and Briz, 2000). In Spain, a lot of emphasis 

is put therefore on government interventions encouraging innovation in the FDI 

(Martinez and Briz, 2000).  

Functional innovative food 

 

In high-income countries there has recently been an increase in consumer interest of 

foods that are safe, ethical, convenient, environmentally friendly, and fairly traded 

(Winger and Wall, 2006). Specifically, due to the increasing consumer awareness of 

the connection between nutrition and health, there has been an increase in demand for 

specific types of innovative food products with added nutritional value (Mollet and 

Rowland, 2002; Young, 2000). As a result, the market in these countries has seen a 

relatively large expansion of the development of so-called “functional foods.”  

According to the Concerted Action on Functional Food Science in Europe (FuFoSE) 

of the European Commission, a food product can only be considered functional “if 

together with the basic nutritional impact it has beneficial effects on one or more 
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functions of the human organism thus either improving the general and physical 

conditions and/or decreasing the risk of the evolution of diseases.” (Diplock, 1999; 

Bellisle, 1998). However, many alternative definitions and types exist worldwide (see 

Table 1). 
   Table 1: Most commonly found types of functional food.  

  
Source: adapted from Siro et al., 2008 and Kotilainen et al., 2006. 

Types of functional food 

 

The earliest developments in terms of food functionality included vitamin and mineral 

enrichments such as vitamin C, E, folic acid, zinc, iron and calcium, followed by 

fortification with micronutrients such as omega-3 fatty acids, phytosterols and soluble 

fibers to prevent certain diseases (Sloan, 2000; Sloan, 2002). One third of the best-

selling new foods and beverages introduced between 2010 and 2011 carried a natural 

claim, 25% of these claimed added nutritional value, high fiber or whole grain, 

reduced calories, or low-fat or fat-free content (Sloan, 2012).  

 

In general, there are several ways in which functional food promotes health including 

improving stomach or colon function, children’s learning ability, reducing health risks 

associated with high blood pressure or cholesterol, and increasing digestibility 

(lactose-free and gluten-free) (see Figure 1b) (Siró et al., 2008). The most prevalent 

types of functional food include probiotics, prebiotics and functional drinks (Siró et 

al., 2008). Probiotics refer to live microorganisms that are normal components of 

intestinal microbiota, which confer health benefits to consumers. Lactic acid bacteria 

(LAB) and bifidobacteria are the most widely employed within the probiotic field 

(Siró et al., 2008). With an estimated 380 product launches worldwide in 2005, the 

functional food market is dominated by gut-health (Ouwehand, 2007). Among 

probiotics, dairy products are the key sector accounting for more than 1.35 bill US$ in 
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1999 and 56% of global functional food sales in 2004 (Benkouider, 2005). The main

markets of dairy probiotics in Europe are Scandinavia, the Netherlands, Switzerland 

Croatia and Estonia, while Greece, France and Spain are considered developing 

markets (Mäkinen-Aakula, 2006). Prebiotics, on the other hand, are non-digestible

food ingredients that beneficially affect the consumer by stimulating growth and/or 

activity of one or more bacteria in colon, thus improving intestinal function (Stanton

et al., 2005). They have also been shown to improve bone mineral content and 

density, as well as reduce levels of cholesterol (Bosscher et al., 2006; López-Molina

et al., 2005). Finally, functional drinks present an important functional food category, 

that is, non-alcoholic beverages fortified with vitamins A, C, E or other functional 

ingredients including omega-3, lutein or calcium (Siró et al., 2008; Keller, 2006). 

Germany is the only country with a relatively large functional drink market reaching 

sales of nearly 90 million US$ in 2000, however the European functional drink 

market is expected to expand over the next years (Hilliam, 2000; Keller, 2006). 

Some form of functionality exists in nearly all food categories, however the most 

mature market is the dairy market (Kotilainen et al., 2006; Menrad, 2003). In fact, as 

the graph below indicates, on average, over 46% of the total food products with 

functional claims in the worldwide functional food market are dairy products (Jago, 

2009) (see Figure 1a). Functional dairy products are the key sector in the functional 

food industry accounting for 1.35 billion US$ in 1999 in Europe alone (Menrad, 

2003).

Figure 1a (left): Share of functional foods by sector. Source: adapted from Giannetti et al. 2009; Figure 1b (right): Most common 

health claims of functional food. Source: adapted from Jago. 2009.
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The functional food market 

As the chart below indicates, the largest shares of the global functional food market 

can be found in Japan, the U.S, and Europe (see Figure 2). With variations in 

definition, estimates of the global market vary from 33 billion US$ to 47.6 billion 

US$ in 2003, less than 1% of which is found in Europe (Menrad, 2003; Sloan, 2002). 

Only in Japan, over 1700 functional food products have been launched between 1988 

and 1998 with estimated revenue of 14 billion US$ (Menrad, 2003). Depending on 

definition, the European market was estimated between 4 and 8 billion US$ in 2003 

(Menrad, 2003). More recent estimates have increased this value to 15 billion US$ in 

Europe (Kotilainen et al., 2006). 

Since the 1980s, the commercial potential of functional foods for the food industry 

has become increasingly intriguing (Siró et al., 2008; Annunziata and Vecchio, 2010). 

When marketed correctly, it is presumed that functional food products offer 

potentially large returns on investment (Heasman and Mellentin, 2001). For example, 

the Japanese functional food market has seen a steady growth rate of nearly 10% per 

year (Siró et al., 2008). In addition, in only 5 years, probiotics have brought the 

market volume from 5 million US$ in 1995 to 419 million US$ in 2000 in Germany

alone, of which 300 million account for pro and pre-biotics and other functional 

yogurts and 120 for functional dairy drinks (Menrad, 2003).

Figure 2: Global functional food market shares.
Source: adapted from Kotilainen et al., 2006.
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The costs and risks of innovation 

 

The decision for a food manufacturing company to invest into the development of 

innovative food products is a tricky one, as there are certain additional challenges that 

a company must face in terms of R&D and marketing costs and the rate of market 

failure is relatively high. Furthermore, in the case of functional food, technological 

procedures are often complex, development and marketing costs higher, scientific 

verification of the medical benefits must be provided, and legislative and labeling 

considerations must be taken into account (Siró et al., 2008). Ultimately, the costs 

related to functional food development are often much greater. For example, Unilever 

invested over 50 million US$ to develop the functional yogurt Lc1 and proactive 

margarine Becel, much higher than the estimated 1-2 million US$ required for the 

production and marketing of a new conventional food product (Menrad, 2003; Siró et 

al., 2008). Furthermore, the higher costs associated with functional food development 

makes it more difficult for small and medium-sized entreprises, SME, to compete 

against large multinational food companies with well-established brands and 

necessary resources (Menrad, 2003). Often, therefore, small and medium-sized 

entreprises offer “me-too” products, which usually do not hold many years (Menrad, 

2003). However, functional food is normally sold at up to 50% higher prices, which, 

although presenting a potential obstacle for consumer’s willingness to pay, provide an 

opportunity for companies to make larger profits than with conventional food 

(Menrad, 2003, Kotilainen et al., 2006).   

 

In addition to the costs associated with production of innovative foods, with no 

market new products will ultimately be a failure. In fact, a study showed that sales of 

42% of nearly 1200 innovative products introduced into the U.S market in 1998 (75% 

being line extensions with changes in flavors, colors, or sizes), began declining within 

a relatively short period of time and ultimately 25% failed (Hoban, 1998). 

Interestingly, innovative brands had a greater success rate than line extensions in the 

long run (Hoban, 1998). Another study revealed that of about 24500 new products 

developed in the U.S. only 30 were a success (Winger and Wall, 2006). In general, the 

percentage of failure rates of new products has been estimated to be around 75% 

(Winger and Wall, 2006). One factor that may cause failure of new products is the 

general conservativeness of consumers. In the U.S, for example, the average family 
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satisfies 85% of its needs from just 150 items and surveys have shown that 72% of 

shoppers usually purchase the same items every time they shop (Winger and Wall, 

2006). In general, studies have shown that there is relatively low incentive for 

consumers to try new things (Winger and Wall, 2006). Spanish consumers in general, 

for example, have been shown to be reserved in their food choices, typically rejecting 

new products initially (Martinez and Briz, 2000). In fact, 70.4% of food and drink 

firms in Spain have reported that only 25% of the total sales revenue came from new 

products introduced between 1993 and 1995 (Martinez and Briz, 2000). These 

observations suggest that an additional challenge in PD is to make a product that 

meets consumer demand. In fact, market and consumer knowledge are key success 

factors in food product development (Stewart-Knox and Mitchell, 2003).  

Objective of this study 

 

The objective of this study is to analyze the demand of Spanish consumers for various 

categories of innovative food products, using yogurt and fluid milk as examples, to 

determine potential profitability of food innovation. With daily retail scanner data 

from July 2011 to October 2011, from a major discount supermarket chain in Spain, 

the consumer demand for four categories of yogurt and milk are analyzed including 

whole-fat, low-fat, nutritionally-enhanced (functional), and drinkable yogurt, and 

enriched, semi-skim, skim, and whole-fat milk, respectively, representative of various 

forms of food innovation currently found in the Spanish market. As dairy products 

have been shown to be the key sector in the functional food industry in Europe and 

products believed to have intrinsic health attributes such as yogurt have had greater 

success in terms of functional credibility among consumers, yogurt and milk offer an 

ideal candidate products for this analysis. Furthermore, data analysis revealed that 

milk and yogurt products were easy to categorize and among the most frequently 

purchased over the given time period (see Appendix A). 

 

By estimating a QUAIDS demand model, own-price, cross-price and expenditure 

elasticities could be calculated, measuring consumer responsiveness to changes in 

price and expenditure for each of the various categories. Furthermore, by including 2 

different products (yogurt and milk), potential differences in consumer demand 

between the categories of these two products could be analyzed. Finally, the study 
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analyzes the potential effect of sociodemographic variables, including age and gender, 

on the demand of innovative foods in Madrid and Barcelona.  

 

General consumption of functional yogurt and milk is expected to be low, given the 

comparably low interest in functional foods in southern European countries (Menrad, 

2003, Niva, 2007; Bech-Larsen and Grunert, 2003; Bech-Larsen and Scholderer, 

2007). Based on previous studies, the demand for functional dairy products is 

hypothesized to be more inelastic compared to conventional low-fat or whole-fat 

products. Furthermore, cross-price elasticities are expected to be positive indicating a 

substitutable relationship between various yogurt and milk categories. Also, However, 

as Europeans tend to view functional foods as a separate category, it is probable that 

cross-price elasticities for functional yogurts compared to conventional may be 

negative in value. In addition, an increase in total expenditure of a household is likely 

to have a positive impact on yogurt and milk consumption, with a larger effect on 

expenditure on functional varieties assumed to be luxury goods. Finally, since the 

majority of studies have shown that sociodemographic variables, including age and 

gender, have an impact of consumers acceptance of innovative food, these are 

expected to have significant influence on the demand of the various categories of both 

products, with a likely positive influence of age on drinkable and functional dairy 

demand.  

 

The paper begins discussion on previous studies conducted in consumer demand of 

various categories of different food items, focusing on both dairy and functional food 

demand. The paper continues with a description of the data set used for analysis as 

well as a description of the QUAIDS demand model used for the estimation. Finally, 

results are discussed and future research opportunities are considered.  
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Previous Studies 

Consumer demand studies 

 

A vast number of consumer demand studies are interested in analyzing how price and 

income changes affect total household expenditures including expenditures on food, 

transport, clothing, communication, and fuel (Deaton and Muellbaer, 1980a; Özçelík 

and Sahínlí, 2009; Browne et al., 2007; Blanciforti et al., 1986; Blanciforti and Green, 

1983, Tafare et al., 2010). While such studies reveal interesting insights into 

consumer purchasing patterns in general, aggregating household expenditures limits 

our understanding of consumer behavior to broad categories. Traditional consumer 

demand analyses were often based on aggregated annual, quarterly or monthly time-

series data, too general for product-specific analyses. Since the availability of more 

detailed datasets including consumer surveys and retail scanner data, however, there 

has been an increase in studies estimating the elasticities of products within a given 

category, revealing powerful information about consumer demand and increasing our 

understanding of food marketing (Cotterill, 1994; Torrissi et al., 2006). Over the last 

few decades, there has been a substantial increase in consumer demand studies 

focusing on modeling household expenditure patterns on various food categories, or 

even various classes of food within a given category of food items. For example, 

Bianciforti and Green 1983 analyzed the price and income elasticities of demand of 

four subcategories of food in the U.S including meat, fruit, cereal and all others, 

identifying negative own-price elasticities for all categories (Blanciforti et al., 1986; 

Blanciforti and Green, 1983). As the research conducted in this analysis focuses on 

estimating the expenditure and price elasticities of innovative yogurt products, this 

section briefly introduces previous studies estimating the consumer demand of various 

food items, focusing on dairy demand estimates. 

The demand for dairy products 

 

An immense amount of literature is available regarding the analysis of dairy product 

demand focusing mainly on the demand for fluid milk. In 1990, for example, Heien 

and Wessels used U.S household-level survey data to analyze the demand of 11 food 

items using both a censored and uncensored AIDS model to analyze the possible bias 
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in estimated parameters, which can arise when ignoring cases of zero-consumption. 

Specifically, they compared expenditure and price elasticity estimates of milk, cheese, 

butter, coffee, juice, ice cream and other food items. Expectedly, in the case of food 

items for which the percentage of zero-consumption is high, as for example with ice 

cream with over 50%, the calculated own-price elasticities were largely biased, with -

2.19 and -0.05 uncensored and censored, respectively (Heien and Wessels, 1990). 

However, where the issue of zero-expenditure is comparably low, for example with 

items such as milk bought at 95% frequency, the own-price elasticities are 

comparable with -0.81 own-price elasticity for uncensored data and -0.77 for censored 

data, respectively. In both the uncensored and censored case, however, OPE estimates 

for milk were negative and under unity revealing relatively inelastic milk demand 

(Heien, Wessels 1990). In addition, in 1994, Molina conducted a similar analysis in 

Spain using aggregate annual time series data from 1964 to 1989 to estimate the 

demand of 6 food categories including bread, meat, fish, milk and eggs. With the 

parameter estimates obtained using the linear-approximate AIDS model, Molina was 

able to determine negative and significant own-price elasticities for each of the food 

categories (Molina, 1994). Specifically, the author identified uncompensated and 

compensated own-price elasticities of  -0.89 and -0.73, for milk and eggs, 

respectively, indicating relative inelastic demand. Furthermore, Molina estimated 

expenditure elasticities of 1.0358 and 0.9115 for milk and eggs (aggregated) when 

calculating individual food expenditure elasticity with respect to total food 

expenditure and with respect to total expenditure, respectively. Ultimately, Molina 

classified bread, milk and eggs as necessity goods (Molina, 1994).  

 

Using demand models such as the Working-Leser and LA/AIDS models, for example, 

Taniguchi and Chern estimated expenditure, own-price and cross-price elasticities of 

11 different food categories consumed in Japanese households including non-

glutinous rice, bread, fresh fish and meat, milk, and eggs (Taniguchi and Chern, 

2000). In terms of milk demand, Taniguchi and Chern identified a compensated and 

uncompensated price elasticity of -0.065 and -0.11, respectively, and an expenditure 

elasticity of 0.569 for milk with the AIDS model with inverse Mills Ratio (Taniguchi 

and Chern, 2000).  In addition, the authors obtained varying price elasticity 

calculations ranging from -0.05 to -0.13 in all versions of AIDS models used, to -

0.296 and -0.565 (unconditional and conditional, respectively) using a standard Tobit 
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estimator, -0.389 and -0.683 (unconditional and conditional, respectively) using the 

Heckit model (Taniguchi and Chern, 2000). In all cases, though of varying magnitude, 

OPE of milk demand is negative and below unity, indicating that milk demand is 

highly inelastic in Japan. Another study, analyzing milk demand in Japanese 

households using a Working-Leser model, identified -0.106 own-price and 0.569 

expenditure elasticities, revealing high insensitivity of Japanese consumers to changes 

in milk prices and also identifying milk as a necessity good (Chern et al., 2003). 

Interestingly, larger expenditure elasticities (up to 0.610) were calculated in low-

income households, indicating that as household income decreases milk consumption 

increases more with increasing expenditure (Chern et al., 2003). Furthermore, the 

milk demand for low-income households was much more inelastic than for high-

income households at -0.025 (Chern et al., 2003). Alternately, when estimating an 

AIDS model uncompensated milk own-price and expenditure elasticity estimates 

came to -0.111 and 0.569, and Hicksian compensated elasticities slightly lower with -

0.084 and 0.216, respectively. In the comprehensive analysis by Chern (2003) no 

significant difference could be found in demand estimates utilizing the inverse-Mills 

ratio nor between the linear-approximated or original AIDS model. No matter which 

model was specified for demand estimation, the price elasticities were always 

comparable and compensated elasticities were always lower in value than the 

uncompensated elasticities. Chern also included regional dummy variables and 

various demographic variables in his comprehensive analysis, indicated for example, 

a 0.015% increase in milk demand with an increase in age of household head. In 

effect, the study revealed highly inelastic demand for milk in Japan. 

 

In addition, Jones et al. (2003) analyzed potential variation in the price and 

expenditure elasticities of low and high income consumers for 7 different food 

product categories using weekly U.S scanner data (Jones et al., 2003). The authors 

also found OPE of milk to be inelastic indicating that price changes in milk products 

had little effect on the quantity demanded. Finally, using the more flexible quadratic 

AIDS model, Gould et al. (2004) were able to calculate the expenditure and price 

elasticities of 12 aggregated food commodities based on a survey of yearly food 

purchases in Chinese urban households (Gould and Dong, 2004). They also found that 

dairy products were relatively price inelastic (and expenditure elastic significant and 

above unity) and thus nonresponsive to price changes. Furthermore, analysis of 
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Slovenian survey data revealed negative own-price elasticities less than unity for most 

of the food groups analyzed, including dairy. Uncompensated and compensated own-

price elasticities for dairy products as a whole, revealed relatively inelastic dairy 

demand in Slovenia, ranging from -0.766 to 0.842 and -0.508 to -0.607, respectively, 

in order of decreasing household income, implying that lower income households 

react stronger to price increases in the case of dairy products (Regorsek et al., 2006). 

In addition, expenditure elasticity estimates for dairy products ranged from 1.063 to 

1.170 for high and low income groups in Slovenia (Regorsek et al., 2006).  

 

Conversely, studies analyzing yogurt demand, using household data, have determined 

OPE of -0.51 and income elasticities of 0.20 for yogurt, classifying the good as a 

necessity and revealing inelasticity of yogurt demand (Boehm, 1975). Furthermore, 

Veeman and Peng examined dairy demand in Canada using quarterly data from 1984 

to 1993 and found own-price elasticities of -0.81 and expenditure elasticities of 1.97 

for yogurt using the AIDS model (Veeman and Peng, 1997). These results suggest 

again an inelastic demand of yogurt, however would classify it as a luxury good.  

 

However, not all studies revealed inelastic demand for dairy products. Huang (2000), 

for example, analyzed elasticities of 13 food items including various meat products, 

bread, dairy, eggs, fruits and vegetables using survey data from U.S households 1987 

to 1988 finding that dairy products were relatively price elastic and less expenditure 

elastic compared to the other goods (Huang, 2000). Furthermore, Gould and Sabates 

2001 estimated an own-price elasticity of -1.238 for dairy and eggs when analyzing 

household food consumption patterns in China. Finally, in a more comprehensive 

study, the demand of various food items including fresh milk and yogurt in urban 

Chinese households was analyzed using both an uncensored QUAIDS and censored 

QUAIDS model incorporating demographic variables (Liu and Chern, 2003). Using 

the uncensored QUAIDS model without demographic variables, conditional 

expenditure elasticities of fresh milk (that is, with respect only to expenditure on all 

the items in question in the demand system of 18 basic food items), were 1.585 

compared to unconditional expenditure elasticities with respect to total food and those 

with respect to total living expenditure of 1.559 and 1.025 (Liu and Chern, 2003). In 

the case of yogurt, these came to 1.239, 1.218 and 0.801 for expenditure elasticities 

with respect to total expenditure on the 18 food items, total food expenditure and total 
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living expenditure, respectively. The low income elasticities suggest that milk and 

yogurt in China can for the most part be considered luxury goods. Furthermore, 

unconditional own price elasticities for the 18 food items included -1.768 for fresh 

milk and -1.007 for yogurt (Marshallian) and -1.725 and -1.001 (Hicksian) for milk 

and yogurt respectively. Interestingly, this suggests that both milk and yogurt in China 

are sensitive to price changes. In comparison, the censored QUAIDS with 

demographic variables revealed conditional expenditure elasticities of 1.055 and 

unconditional of 1.000 and 0.657 for fresh milk and 0.963, 0.912 and 0.600 for 

yogurt, revealing elasticities near to unity and below, suggestive of necessity goods. 

However, unconditional Marshallian own price elasticities were -1.066 for fresh milk 

and -0.993 for yogurt products, and Hicksian -1.038 and -0.988 for fresh milk and 

yogurt, respectively in the case of the censored QUAIDS. In either model used, 

therefore, OPEs of milk and yogurt suggest relatively elastic demand of these two 

products. 

 

In summary, it is difficult to conclude with certainty whether dairy products are 

inelastic or elastic in demand or necessity or luxury goods, as different studies 

applying varying demand models for estimation have revealed varying results 

between different countries. However, it appears that the majority of studies suggest 

that dairy products for the most part have inelastic demand and can be classified in 

general as necessity goods.  

Demand of disaggregated food categories 

 

Another emerging area of research pertaining to consumer demand is the analysis of 

the demand of various types of specific food groups. This analysis focuses on 

identifying potentially unique consumer purchasing behaviors with respect to certain 

classes of a given food item. A great deal of consumer demand research over the years 

has focused, for example, on identifying different expenditure patterns over types of 

meat (Bianciforti et al., 1986; Taljaard et al., 2004). Among the most cited studies are 

Capps 1989 who was able to calculate negative and significant own-price elasticities 

for various types of meat including steak, ground and roast beef, chicken, pork chops, 

and ham identifying price inelasticity and a high level of substitutability between the 

majority of the meat types (Capps, 1989). Moschini and Meilke 1989 also included 



 17 

fish in their analysis, revealing a more elastic demand for beef and pork compared to 

chicken and fish (Moschini and Meilke, 1989). Similarly, Holt et al calculated various 

elasticities of beef, pork and poultry based on quarterly consumption and retail price 

data from the US Department of Agriculture, revealing in general negative and 

significant OPE for all types, however with pork demand being most price elastic 

compared to beef and poultry which was highly inelastic (Holt and Goodwin, 2009). 

Another interesting study in which seafood and meat consumption patterns were 

compared, found that the demand for seafood had increased since the health benefits 

of omega-3 fatty acids had been publicized in the 1950s (Edwards, 1992). 

Furthermore, several studies have been conducted analyzing possible variation in 

consumer behavior in terms of various fish types. Burton (1992) for example studied 

differences in demand for white, smoked and fat fish. Surprisingly, results revealed a 

higher price elasticity for white fish than smoked or fat fish (Burton, 1992). Finally, 

Shiratori (2011) compared the consumer demand for regular eggs and omega-3-

fortified eggs. Results indicated that demand for regular eggs was more sensitive to 

price changes than for omega-3-enriched (Shiratori and Kinsey, 2011). The study 

therefore suggests that the development of functional eggs could prove to be a 

profitable investment.  

 

Taken together, it is perhaps not surprising that fish (or chicken), generally seen as 

healthier “meat” choices, show comparably less sensitivity to price changes. 

Furthermore, the relatively inelastic demand of omega-3-enriched eggs compared to 

regular eggs suggests that consumers may in fact have inelastic demand for foods 

perceived as healthier. Interestingly, however, results revealed a higher price elasticity 

for white fish than smoked or fat fish, suggesting that within the fish category, 

consumers were less sensitive to price changes of “unhealthier” smoked and fat 

subcategories of fish (Burton, 1992).  

Demand for innovation in the dairy industry 

 

As shown above, numerous studies have been conducted over the years analyzing the 

elasticities of dairy or milk demand as an aggregated category, which is often 

compared to the demand for other food items. However, as mentioned in the 

introduction, the dairy industry is among the most innovative industries worldwide. 
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The wide range of available types of dairy products makes it an ideal candidate to 

study variations in consumer demand within a given subcategory of food. For this 

reason, an immense amount of the studies analyzing disaggregated demand of various 

product categories exist with a focus on dairy products. In general, dairy demand 

studies focus on estimating the elasticities of milk products classified either according 

to fat content (fat versus various reduced-fat alternatives), production method (organic 

versus conventional) and/or origin (cow versus soya milk), providing useful insight 

into consumer demand of innovative food products. 

Whole fat versus low fat milk 

 

In 1975 Boehm et al. estimated the own-price elasticities of 6 various categories of 

milk sub-classified according to fat content, identifying negative own-price elasticities 

of -1.7 for whole milk and -0.83 for 1% milk, for example, revealing (Boehm, 1975). 

The study was one of the first studies to identify varying elasticities in milk 

categories, revealing that 1% reduced-fat milk was more inelastic compared to whole 

milk, which appeared to be relatively elastic. Further studies with weekly purchase 

data analyzing demand for whole, 2% and 1%/skim milk revealed own-price 

elasticities of -0.803 for whole milk, -0.512 for 2% and -0.593 for 1%/skim milk 

(Gould, 1996). These results indicate relatively inelastic demand of all milk 

categories, with whole milk being most sensitive to price changes, similar to previous 

studies. Furthermore expenditure elasticities of each milk type were all close to unity 

(Gould, 1996). Furthermore, Schmit et al. identified -2.317, -0.624, and -1.489 

unconditional price elasticities for whole, low-fat and skim milk, respectively (Schmit 

et al., 2002).  

 

Conversely, Jones et al. went one step further and measured elasticities for two 

different income groups, revealing a mostly inelastic milk demand, with -0.593, -

0.596, -0.537, and -0.595 own price elasticities and 0.608, 0.695, 0.837, and 0.651 

expenditure elasticities for whole, 2%, low-fat and skim milk, respectively for high 

income consumers (Jones et al., 2003). The OPE for the various categories are 

therefore comparable. Interestingly, the analysis revealed quite different elasticities 

for low-income consumers with -0.670, -0.742, -2.281, and -0.402 price and 0.558, 

0.559, 1.025 and 0.504 expenditure elasticities. These results indicate that low-income 
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consumers were more sensitive to price changes, which seems plausible given that 

they have less income to spend as a whole. Interestingly, the highest expenditure 

elasticity (over unity) was found for low-income consumers for low-fat milk, 

implying that an increase in expenditure on milk would result in a relatively greater 

increase in demand for low-fat milk and thus low-fat milk could be classified as a 

luxury good among low-income consumers. Furthermore, in the case of low-income 

consumers price elasticities varied, with relatively inelastic demand for most 

categories, but highly elastic demand for low-fat milk.  

 

In addition, Gould et al. (1990) used an AIDS model to estimate the price and 

expenditure elasticities of 2 categories of milk, whole and low-fat, aggregating the 

various types of reduced-fat milk products into one category. Analysis revealed 

expenditure elasticities of 0.658 and 0.062 and own-price elasticities of -0.3 and -

0.437 for whole and low-fat milk, respectively (Gould et al., 1990). These results 

indicate that demand for whole fat is affected more by changes in consumer 

expenditure, or income. Furthermore, both whole and low-fat milk demand was 

relatively inelastic, with whole-fat demand slightly less sensitive to price changes than 

low-fat, contradicting with results found by Boehm that low-fat milk was more 

inelastic than whole.  

Conventional versus organic milk 

 

In addition, several analyses have been made comparing the demand for organic 

versus conventional food products. Using the AIDS model Glaser and Thompson, for 

example, compared the price and expenditure elasticities of organic versus non-

organic conventional milk further sub-classified into various fat-levels, taking into 

account possible difference between branded and private label milk products. Results 

revealed large variation in uncompensated price elasticities ranging from -0.726 for 

branded whole, -1.302 for branded 2%, -0.884 for branded 1% and -0.808 for branded 

nonfat compared to -3.637 for organic whole milk, -7.374 for organic 2%, -9.733 for 

organic 1% and -3.668 for organic nonfat milk (Glaser and Thompson, 2000). A far 

smaller sensitivity to price changes was found with private label milk, ranging from -

0.659, to -0.832, -2.106, and -0.728 for whole, 2%, 1%, and nonfat respectively 

(Glaser and Thompson, 2000). This suggests that branded conventional milk, though 
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for the most part elastic, was comparatively less sensitive to price changes than 

organic milk, for which demand proved to be highly elastic. Furthermore, expenditure 

elasticities ranged from 1.162 to 1.138, 0.609 and 0.922 for whole, 2%, 1%, and 

nonfat branded milk and 1.003, 0.975, 1.596 and 1.173 for private label milk, 

indicating several variations between types of both branded and private label milk, 

however most types could be regarded as luxury goods. In the case of organic-labeled 

milk, these decreased dramatically from -5.730, to -2.836, -8.678 and -2.807 for 

whole, 2%, 1% and nonfat milk, indicating that an increase in expenditure results in a 

surprisingly large decrease in demand of organic milk at any fat-level. Finally, in 

most cases, cross-price elasticities are positive indicating a substitution relationship 

between conventional and organic milk.  

 

Li et al. 2012 also tested the elasticity differences between organic and conventional 

milk of different fat content levels using weekly retail scanner data. Previous studies 

with revealed preference had shown varying results with own-price elasticities 

ranging from -1.37 up to -9.73 and some even indicating inelastic demand for organic 

milk (Glaser and Thompson, 2000; Dhar and Foltz, 2003; and Chang et al., 2011). Li 

et al show that the demand for organic milk is elastic, with most price sensitivity in 

the case of organic skim milk. Furthermore, organic skim and whole milk were on 

average more elastic than conventional skim and whole. The most elastic was organic 

skim milk whereas conventional skim milk was most inelastic. As usual, 

uncompensated own price elasticities were all larger in value than compensated. 

Interestingly, the substitutability varied between organic and conventional for 

different fat content levels. Finally, in terms of expenditure elasticity, all organic milk 

products had lower values compared to conventional milk, implying less of an 

increase in consumption upon expenditure increases, suggesting that organic is a 

necessity good. Organic skim milk has an expenditure elasticity of 0.87, compared to 

0.71 for organic whole, whereas conventional milk has an elasticity close to unity (Li 

et al., 2012).  

 

In addition, in 2003 Dhar and Foltz attempted to identify consumer willingness to pay 

for milk that is free of genetic modification technology. Using revealed preferences of 

consumers from US supermarket scanner data from 12 metropolitan areas, the authors 

studied the consumer demand of rBST-free (recombinant bovine somatotropin) and 



 21 

organic milk products with a QUAIDS model. Results indicated a significant 

difference in expenditure elasticity estimates between rBST-free and organic milk, 

4.39 and 0.50, respectively, compared to 0.97 for unlabeled milk (Dhar and Foltz, 

2003), suggesting that rBST-free milk was a luxury good and organic a necessity.  

Furthermore, uncompensated and compensated own-price elasticity estimates came to 

-4.40, -1.37 and -1.04 as well as -4.40, -1.37, and-1.08 for rBST-free, organic, and 

unlabeled milk, respectively (Dhar and Foltz, 2003). This suggests that the demand 

for both rBST-free, organic, and unlabeled milk is elastic, with the highest sensitivity 

to price changes in the case of rBST-free milk. Furthermore, uncompensated and 

compensated cross-price elasticities are negative only between organic and rBST-free 

milk, revealing a complementary relationship between the two milk types, compared 

to substitutability among all milk types with unlabeled.  

Soymilk elasticities of demand 

 

In another study, applying the QUAIDS model on U.S supermarket scanner data, 

Dhar and Foltz calculated uncompensated and compensated price elasticities of whole 

milk, skim and low-fat milk, soy milk, flavored milk and milkshakes, and were able to 

conclude that whole milk had the highest uncompensated OPE with -2.4, followed by 

soy milk with -1.79, skim and low-fat milk with -1.73, flavored milk with -1.31 and 

finally milkshakes with -0.86 (Dhar and Foltz, 2004). In nearly all cases therefore, 

milk demand was elastic, or highly sensitive to prices, with the greatest sensitivity to 

prices for whole milk followed by soymilk and the greatest inelastic demand in the 

case of milkshakes. Expenditure elasticities ranged from 3.76 for milkshakes to 2.54 

for flavored milk, 1.08 for skim milk, 0.52 for whole and 0.35 for soymilk (Dhar and 

Foltz, 2004). Surprisingly this suggests that milkshakes, flavored milk and skim milk 

could be considered luxury goods, compared to whole and soy, which exhibit 

behavior of necessity goods. Furthermore, all cross-price elasticities between cow and 

soya milk were close to zero indicating little relationship between the two products 

and implying that soymilk was not a competitor for cow milk.  

Demand for various categories of yogurt 

 

Contrary to milk demand studies, only a handful of research has been conducted on 

various categories of yogurt. A study conducted with 2005 U.S Homescan data 
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estimating a Translog demand system comparing demand of refrigerated, frozen and 

drinkable yogurt, found uncompensated price elasticities of -1.012, -2.026, and -1.103 

and expenditure elasticities 0.998, 1.029 and 1.000 for refrigerated, frozen and 

drinkable yogurt, respectively (Davis et al., 2010). This suggests that yogurt demand 

in each category is relatively elastic and in general expenditure elasticities are all 

close to unity. Furthermore, compensated own price elasticities of -0.159 for 

refrigerated, -2.389 for frozen, and -0.605 for drinkable yogurt were calculated, 

showing a surprisingly inelastic demand in the case of refrigerated and drinkable 

yogurt and highly elastic for frozen yogurt (Davis et al., 2010). Another study also 

showed OPE as low as -0.799 for drinkable yogurt, indicating relatively inelastic 

demand of drinkable yogurt (Di Giacomo, 2008).  

 

Bonanno conducted perhaps the most comprehensive analysis of yogurt demand in 

2009, on of the few of which included functional yogurt categories in the analysis. 

Using a discrete nested-logit model and 24-monthly scanner data observations of 

yogurt purchases from January 2005 to December 2006, Bonnano analyzed the 

demand for both conventional and functional yogurts, including possible effects of 

health-related demographics as shifters. Specifically, eleven sub-categories were 

analyzed subcategorized according to flavor (white, fruit and other), fat content (skim 

or whole), drinkability versus non-drinkability and the presence or absence of 

functional attributes, resulting in 7 conventional and 4 functional sub-categories 

(white skim, white whole, fruit skim, fruit whole, flavored skim, flavored whole, 

drinkable, and white, fruit, flavored and drinkable functional) and 4,488 observations 

(Bonanno, 2009). Interestingly, average age shows a positive relationship with yogurt 

demand, implying that Italian yogurt demand increases with age. Furthermore, own-

price elasticity estimates indicated significant and higher inelasticity for conventional 

whole-fat than for all low-fat yogurt varieties, for all white, flavored and fruit, with -

4.404 for white whole, -4.942 for white skim; -3.079 for fruit whole, -4.910 for fruit 

skim; and -5.156 for flavored whole and -7.068 for flavored skim (Bonanno, 2009). 

Furthermore, the demand for fruit yogurt appeared to be less elastic than for other 

flavors, with OPE of -3.079 and -5.156 for fruit whole and flavored whole yogurt, 

respectively (Bonnano, 2009). Finally, in most cases, white, fruit, and flavored 

functional yogurt showed higher OPE, up to -7.495 for white functional yogurt, 

indicating a greater sensitivity of price changes and thus greater elastic demand for 
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functional yogurt (Bonnano, 2009). In the case of both conventional and functional 

yogurts, white and fruit varieties had similar OPE. Results indicate the whole-fat 

yogurt was comparably more sensitive to price changes than low fat, with highly 

elastic demand. Furthermore, there was not much difference in price sensitivity 

between white and flavored yogurt. And finally, results suggest that functional yogurt 

is more sensitive to price changes than conventional. In all cases, nevertheless, OPE 

are above unity therefore indicating an elastic demand for all yogurt in Italy.  

 

In another study, Bonanno in 2010 use the LA/AIDS model to estimate the demand of 

various functional yogurts classified by brand, flavor, fat content, drinkability, and 

functionality. Interestingly, all cross-price elasticities were positive suggesting a 

substitutable relationship between the various yogurt categories. When looking solely 

at the one brand, the own-price elasticities ranged from -1.27 to -5.09 for functional 

drinkable whole and conventional plain skim yogurt, respectively (Bonnano, 2010). In 

fact, OPE estimates for nearly all types of conventional and functional yogurt were in 

general less elastic for functional yogurt, contradicting with previous research 

(Bonanno, 2010). Although the general demand of all types was again found to be 

elastic, this suggests less sensitive changes in demand of functional drinkable yogurt 

with price changes compared to conventional plain skim.  

Influence of consumer characteristics  

 

In the case of dairy demand in general, it has long been shown that certain 

demographics of consumers have a significant influence on demand (Heien and 

Wessels, 1990). Chern et al. (2003) for example, found a 0.015% increase in milk 

demand with increasing age of the household head. In addition, Liu and Chern (2003) 

found that the older the consumer, the more milk and yogurt are consumed, with 

highest consumption in consumers over the age of 60. Furthermore, Bonanno 2010 

discovered that average age had a positive relationship with yogurt demand, 

increasing with age.  Liu and Chern (2003) also found that gender had a significant 

impact on the consumption of milk and yogurt. In addition, Davis et al. (2010) found 

that whole and 2% milk purchases were significantly influenced by gender, showing a 

positive effect on demand if the consumer was female with children under 12 years 

old (Davis et al., 2010).  
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Functional food demand 

Consumer acceptance 

 

In addition to demand studies determining price and expenditure elasticities, several 

studies have been conducted to understand consumer behavior in general, as one 

obstacle to overcome in product development especially of functional foods is to gain 

confidence among consumers. As market success and ultimately the profitability of 

food innovation is determined by consumer acceptance, studies have been undertaken 

analyzing consumer receptiveness of functional food as an example of an innovative 

food, identifying several interesting factors that influence demand.  

 

Health claims, advertising and labeling play an important role not only in ensuring 

that consumers are well informed of potential benefits associated with certain 

functional foods, but also in attracting potential consumers (Siró et al., 2008). This is 

particularly important, as there appears to be a general lack of knowledge among 

European consumers as to what functional food is (Annunziata and Vecchio, 2011; 

Moro et al., 2012). A study analyzing the impact of the popular media on omega-3 

fortified egg purchases, for example, found a significant positive impact of nutritional 

information on consumption (Shiratori and Kinsey, 2011). Furthermore, health 

information has been shown to increase the consumption of margarine and decrease 

the consumption of butter (Huffmann and Jensen, 2004). Interestingly, however, a 

study in Germany revealed that consumers sometimes simply buy without knowing 

the benefits, not caring about the label, and not even having the symptoms of the 

health problems the food should help relieve (Niemann et al., 2007). In general it 

appears that products such as yogurt, seen as intrinsically healthy are more credibly 

regarded as carriers of functional claims (Bech-Larsen and Grunert, 2003; Bonnano 

2009, Annunziata and Vecchio, 2011). Furthermore, ingredients which consumers 

already assume to be healthy usually have been shown to have a higher level of 

acceptance than lesser known flavonoids or selenium (Bech-Larsen and Grunert, 

2003; Bech-Larsen and Scholderer, 2007; Urala and Lähteenmäki, 2007). In addition, 

confidence and trust in the health claims play a critical role in acceptance. Studies 

have shown that confidence varies in the EU, with Finnish consumers, for example, 
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more trusting of the health information compared many other countries (Urala and 

Lähteenmäki, 2007). 

 

Overall, it has been shown that Europeans are more skeptical about the safety, origin, 

and necessity of functional foods compared to U.S consumers, and are generally more 

critical of new products (Bech-Larsen and Grunert, 2003; Bech-Larsen and 

Scholderer, 2007; Grunert, 2010). However, regional differences exist within Europe, 

based on differences in dietary habits, national policies and culture (Annunziata and 

Vecchio, 2010). In general, a higher interest in functional foods has been found in 

central and northern Europe, compared to southern Mediterranean countries where 

natural food is assumed to be healthier (Menrad, 2003, Niva, 2007; Bech-Larsen and 

Grunert, 2003; Bech-Larsen and Scholderer, 2007). Interestingly, however, Spain is 

seeing an increase in consumer interest in functional foods (Monár, 2007).  

Demographics and functional food 

 

Studies have shown that socio-demographic variables also influence acceptance of 

functional foods in particular, including gender, age, household size, presence of 

children, income, location and educational level (Siró et al., 2008; Mintel, 2008; 

Annunziata and Vecchio, 2010). For example, females have been shown to prefer 

food controlling appetite and body weight, whereas elderly prefer cholesterol-

lowering and blood pressure-maintaining foods (Stewart-Knox et al., 2007). In 

addition, age has been shown to have a significant impact on purchasing frequency of 

omega-3 products in Canada, and the presence of children has been shown to 

specifically increase consumption of omega-3-enriched yogurt and margarine (Chase 

et al., 2007). In fact, individuals over 45 years of age have been shown to be more 

likely to purchase omega-3 enriched products (Mintel, 2008). Household income and 

region have also been identified as influential factors in omega-3 product 

consumption, with a higher purchasing probability in the case of urban households 

(Mintel, 2008; Shiratori and Kinsey, 2011). Furthermore, research suggests that the 

nutritional characteristics valued by consumers vary depending on the intrinsic health 

status (Bonnano, 2009). For example, consumers that have directly experienced 

illnesses such as heart diseases, osteoporosis or stress are more receptive to health 

claims on food products oriented towards those specific conditions (Bonanno, 2009). 
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Also, consumers who have suffered a loss of family members due to specific diseases 

have shown to increase consumption of those functional foods (Verbeke, 2005; 

Bonnano, 2009).  

Summary of previous studies 

 

To assess the risks involved in new product development for food manufacturers and 

ultimately long-lasting market success of innovative products it is crucial to 

understand consumers’ responses towards innovation. To summarize, taking all the 

studies on the various categories of dairy products into account, it becomes apparent 

that based on the categories of products defined, large variability exists in terms of 

OPE, CPE and expenditure elasticity estimates in the case of innovative dairy 

products.  

 

Whereas some studies identified both whole fat and low fat milk to have inelastic 

demand, with whole fat demand being more sensitive to price changes than low fat, 

others have identified low fat demand to be more sensitive to price changes than 

whole fat, and even more, others have even identified elastic demand above unity for 

whole fat milk. Meanwhile, other studies have indicated highly elastic demand for 

low fat milk in low-income households. Interestingly, most studies comparing organic 

versus conventional milk have shown that although elastic, conventional milk was 

comparatively less sensitive to price changes than organic milk, for which demand 

proved to be highly elastic. When soymilk was included in the analysis, although milk 

demand in all cases was elastic, whole milk was most sensitive to price changes, 

followed closely by soymilk, then low fat and last milkshake, further verifying that 

whole fat milk may be more sensitive to price changes than low fat. Interestingly, 

there are variations in expenditure elasticity estimates, making it difficult to 

generalize and identify the milk types as necessity or luxury goods. In the case of 

yogurt, compensated OPE estimated in one study revealed relatively inelastic demand 

in the case of refrigerated and drinkable yogurt, with drinkable yogurt demand being 

more sensitive to price changes. Other studies showed contradicting results. Whereas 

one study found that whole fat yogurt was more inelastic compared to low fat 

variations, another found that whole-fat yogurt was comparably more sensitive to 

price changes than low fat, with highly elastic demand. Furthermore, the demand for 
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fruit yogurt appeared to be less elastic than for other flavors. Finally, in terms of 

socio-demographics, several characteristics including age and gender have been 

shown to influence the demand of various dairy products. 

 

In terms of functional food specifically, estimates for price and expenditure 

elasticities also vary. While functional yogurt showed to be more sensitive to price 

changes than conventional in one study, functional yogurt was more inelastic 

compared to conventional in others. Numerous factors can be the cause of such 

significant differences in outcomes, including among many others apparently the way 

in which the food categories are subcategorized. In general, the more disaggregated 

the data, the more elastic the price elasticity estimates become. Furthermore, while it 

has been shown that factors including sufficient trustworthy information and 

sociodemographic variables influence consumer acceptance, the demand for 

functional food appears to vary and is for the most part still poorly understood. 

Particularly in Europe, where the functional food market is growing much slower 

compared to Japan or the United States for example, the potential profitability of 

investment has yet to be fully determined (Siró et al., 2008).   

Data Set Description  

General description of retail scanner data 

 

The data set used for the consumer demand analysis consists of detailed daily retail 

scanner data over a 4-month period (July 1, 2011 to October 31, 2011), from one of 

the largest national discount supermarket chains in Spain. The database is comprised 

of a total of 4 different tables, providing detailed information about the customers, the 

stores, the products offered, and the purchases made. Information about the customers 

provided in the database include their postal codes, age and gender. Prior to analysis 

the data was filtered, removing all data with negative or zero-value erroneous prices 

or units bought, tickets with unusually high numbers of units bought (setting 54 units 

for a single purchase as the upper limit), and products lacking a description, resulting 

in a total of 20,154,444 purchases made in the given time frame of 4 months. Of the 

275,083 customers registered at the 63 supermarket stores listed in the database, 

13,4% were excluded due to erroneous postal codes or ages below 17 years, resulting 
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in a total of 238,925 customers. The age of the majority of customers ranged between 

50 – 65 with 27%, followed by 40 – 50 (23%), over 65 (21%) and 30 – 40 (20%)

(Cataño, 2013). Only 9% of these customers were under 30 years of age (Cataño, 

2013). In each age range, the majority of customers were women, with the most clear 

gender gap in the 50-65 age range (Cataño, 2013). During the time period under 

question, the average payment made per supermarket visit was 15.19! with an

average of 8 items per receipt. 

The database also contained specific information about the various stores, identifyable 

by store code numbers, including their street addresses, postal codes, municipality, 

floor surface area, and type of store. In general, 3 different types of stores were 

described; Type I and II stores range between 200 and 700m2 in size and follow a

proximity model, that positions the stores as close as possible to customers. Type III 

stores on the other hand are up to 1000m2 and are usually located on the outskirts of 

urban centers. In total, data was obtained from 63 stores in 44 different municipalities 

(31 provinces) from 14 autonomous communities in Spain. The majority of the stores 

in the database are located in the communities of Catalonia, Madrid, Andalusia, and 

Valencia (see Figure 3). The graph below indicates that nearly half (47%) of the data 

was obtained from the two autonomous communities of Madrid and Catalonia. Within

these two communities, the majority of the stores were located in the urban centers of 

Madrid and Barcelona (data not shown).

Figure 3: Distribution of stores throughout Spain.
Source: own calculations.

Finally, the database contains information about all the products that are offered and 

those that have been sold over the given time period. Identifiable by specific codes, 

the articles were described according to the specific type of product, the packaging 
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format and size, and the brand name. In total, 24,759 various products of 191 different 

food and non-food categories were offered. Provided was also the date and time of 

purchase, the receipt and card number of the customer, the number of units purchased, 

the total price paid and the discount if applicable. In total, 21,067,165 purchases were 

made, corresponding to a total revenue of 30,739,012!. The 44 proximity stores 

constituted approximately 11,674,180! of this total sales revenue (38%) in those 4 

months (see Appendix A: Table A1).

Figure 4: Sales distribution by section in proximity stores. Source: adapted from Cataño, 2013.

The food sections that constituted the majority of the sales revenue in proximity stores 

were refrigerated goods (20%, or 2,257,619!), followed by sweet and savory foods

(17% and 14%, respectively), liquids (13%), fruits and vegetables (8%), which 

together accounted for 72% of the total sales revenue (see Figure 4).  Interestingly, 

poultry and other meat sales were relatively low. Of the 191 different categories of 

products offered at the proximity stores, the 10 principle products contribute a total of 

5,688,693! to the total sales revenue, corresponding to around 32%. When divided 

into categories, the categories that contribute most to the sales revenue of the discount 

chain, are milk, yogurt and other dairy products with 68%, followed by cheese with 

6%, processed meats and soft drinks with 4% each (see Figure 5).
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Figure 5: Sales distribution by category in proximity stores. Source: adapted from Cataño, 2013.

Description of data used for analysis

Madrid and Barcelona not only represent the two most populated cities in Spain, but 

house nearly 50% of the customers for this supermarket chain (see Figure 6).

Furthermore, as mentioned above, 57% of the stores in the autonomous communities 

of Madrid and Catalonia are located in Madrid and Barcelona. To simplify analysis 

therefore, the dataset used was that obtained from the total 10 stores in Madrid and 7 

stores in Barcelona. All the 17 stores analyzed were Type I and Type II proximity 

stores with a size range between 220 and 859 m2.

Figure 6: Customer distribution by community. Source: adapted from Cataño, 2013.

The total sales revenue over the 4-month period of all 17 stores comes to 

7,909,387.98!. The graph below indicates that the total sales revenue varied between 

stores within the two cities of Madrid (with district codes starting with 28XXX) and

Barcelona (with 8XXX), ranging from as little as 64,860.96! in district 08009 of 

Barcelona to 1,093,343.86! in district 28005 of Madrid (see Figure 7).
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Figure 7: Sales revenue by store (district) in Madrid and Barcelona. Source: own calculations.

Product choice and data description

The objective of this analysis was to estimate the expenditure and price elasticities, 

and ultimately understand the purchasing behavior and consumer responsiveness to 

innovative food products in Spain using the retail scanner data provided. Before 

estimation, therefore, it was necessary to identify a food product that is not only 

offered at the supermarket chain in both conventional and functional forms but also 

purchased by enough consumers to retrieve significant information regarding 

consumer demand. For this, the purchases of several categories of various food items 

were analyzed including among others fluid milk, butter and margarine, yogurt, 

mayonnaise, cream cheese, eggs, sugar and sweetener, salt, flour, breakfast cereals,

tea, canned tuna, and fats and oils (for classification of the products see Appendix A).

Analysis showed that although a substantial percentage of total butter and margarine 

expenditure was in fact spent on nutrient enhanced margarine products, in general 

only a very limited number of butter and margarine purchases were made compared to 

other products. As Spain is an important producer and worldwide exporter of olive 

oil, it is likely that Spanish consumers consume on average more oil-based fats, 

including olive oil, than butter or vegetable spreads. Indeed nearly three times the 

amount of purchases on butter and margarine were made on olive and vegetable oil 

during the same time period (see Appendix A). Similarly low numbers of purchases

were made in the case of nearly all other items under investigation. Ultimately, it was 

found that the products purchased most by consumers and with the most variation in 

categories were expectedly dairy products including fluid milk and yogurt (Note: In 
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the case of milk, dulce de leche, baby milk, powdered, evaporated and condensed 

milk were not included). Therefore, yogurt and fluid milk were ultimately chosen for 

demand estimation.  

Yogurt consumption 

 

To analyze the purchasing behavior of Spanish consumers related to innovative and 

functional food products, four categories of yogurt were defined, including drinkable 

yogurt, nutrient-enriched nondrinkable yogurt, low fat and whole fat yogurt (see 

Table 2a). As soya-based products such as milk had previously been shown to lack 

significant relationship with cow-milk (Dhar and Foltz, 2004) soya-based yogurt 

products were excluded. Similar to Bonanno 2009 and 2010, all drinkable yogurt, 

whether low fat, whole fat or functional, was aggregated into one category as 

drinkable forms were seen as a relatively separate category compared to the 

nondrinkable form, furthermore allowing interesting comparisons to be made between 

the consumer demand for drinkable versus nondrinkable yogurt forms.  

 
Table 2a: Description of Yogurt Sub-categories  
Category Description 
1. Drinkable Plain, sweetened, flavored, added fruit, drinkable yogurt products (both low-fat and 

whole-fat), as well as functional drinkable yogurt enriched with lactobacillus, 
bifidus and cholesterol-lowering substances 

2. Enriched Plain, sweetened, flavored, added fruit functional non-drinkable yogurt  
(low- and whole-fat) mainly enriched with bifidus and calcium 

3. Low-fat Plain, sweetened, flavored, added fruit low-fat non-drinkable yogurt  
(from 0-3% fat content) 

4. Whole-fat Plain, sweetened, flavored, added fruit whole-fat non-drinkable yogurt  
(over 3% fat content) 

 

Further filtering of data resulted in the removal of consumers with erroneous postal 

codes, genders and ages as well as those who shopped less than 3 times during the 4-

month period. To avoid possible estimation bias and inconsistency associated with 

zero-consumption, only the subset of the consumers who purchased from each 

category were included in the final analysis. 

 

From the total 17 representative stores in Barcelona and Madrid to be included in the 

final estimation, a total of 4,491,670 purchases were made. From these, in total, 

100,093 yogurt purchases were made by a total of 1329 consumers over the given 

time period. The majority of purchases were whole-fat yogurt (28,933 or 29%), 
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followed by enriched functional yogurts with 26,909 or 27%, drinkable yogurt with 

25,296 or 25% and low fat with 18,955 or 19%. In total 140 different yogurt products 

were purchased from as little as 11 brands including Pascual, Actimel, Sveltes, Nestlé, 

Danacol, La Lechera, Vitalinea, Densia, Activia, Danone and the store brand in order 

of increasing frequency. From the 17 stores, the majority of the purchases were made 

in districts 08030 and 08027 and district 28041 in Barcelona and Madrid, 

respectively. From these consumers alone, a total yogurt sales revenue of 193,922.18!

was obtained during the 4-month period; 74,421.24! from drinkable yogurt products 

(or 38.4% of total consumer expenditure on yogurt), 51,246.36! on enriched 

nondrinkable (26.4%), 41,925.61! on whole fat (21.6%) and 26,328.97! on low fat

(13.6%) yogurt (see Figure 8).

Figure 8: Expenditure shares on drinkable, enriched, wholefat and lowfat yogurt. 
Source: own calculations.

Demographic analysis of the consumers reveals that of total consumers, the majority, 

82%, were female and only 18% male (see Figure 9a). The age of these consumers

ranged between 18 and 95 years, with the majority between the ages of 41 and 60 (see 

Figure 9b). In terms of gender, the majority of the customers for all types of yogurt 

products (drinkable, nondrinkable functional, low fat and whole fat) were female (see 

Figure 9a). The category of yogurt for which female consumers contributed most to 

the total yogurt expenditure was functional nondrinkable yogurt (85%), followed by 

drinkable and low fat (81% for both) and lowest for whole fat yogurt (80%). In each

category, the age range that spent the most (the largest percentage of total 

expenditure) was 41 and older. Interestingly, 41-60 year olds spent more on 

conventional whole and low fat nondrinkable yogurt, whereas over 60 year olds spent 

the most on drinkable and nondrinkable enriched yogurt. 
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Figure 9a (Top): Gender distribution and fraction of expenditure of the various yogurt categories by 
females versus males. Figure 9b (Bottom): Age range of consumers and fraction of expenditure of the 
various yogurt categories by age range. Source: own calculations.

Milk consumption

To obtain a more comprehensive overview of the responsiveness of Spanish 

consumers to innovative food products, the consumption of various milk categories 

was analyzed in addition to yogurt. As with yogurt, some milk and milk-based

products were excluded from the analysis, such as evaporated, condensed, powdered, 

baby milk and soymilk. Ultimately, the analysis focused primarily on four categories 

of fluid milk, including enriched, semi-skim, skim and whole-fat fluid milk (see Table

2b).
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Table 2b: Description of Milk Sub-categories 
Category Description
1. Enriched Plain or flavored milk (all fat levels), enriched with calcium, omega-3, vitamins and 

minerals to promote child growth and energy, added fiber, royal jelly, and 
lactose-free milk

2. Semi-skim Plain or flavored non-enriched milk (1.0 - 2.8% fat content)
3. Skim Plain or flavored non-enriched milk (<1.0 % fat content)
4. Whole Plain or flavored non-enriched milk (3.4 - 3.6% fat content)

After removal of consumers with erroneous postal codes, unknown gender or age, a 

total of 307 consumers were left for analysis. These consumers purchased milk 

products a total of 5096 times, consuming 13300! worth of milk, or 17900 liters, over 

the 4-month duration in all 17 stores combined. Of the total purchases, 25% were 

purchases on enriched milk, 25% semi-skimmed milk, 22% skimmed milk and most 

frequently whole-fat milk products with 28%. Furthermore, 28% of the total 

expenditure on milk was on enriched fluid milk with around 3650!, followed by 26%, 

or 3616!, on whole milk, 24% (3225!) on semi-skimmed milk, and 21% (2800!) on 

skim milk (see Figure 10).

Figure 10: Expenditure shares on enriched, semi-skim, skim, and whole-fat milk. 
Source: own calculations.

A total of 12 brands of fluid milk were bought, with the top 3 brands accounting for 

nearly 75% of total purchases. These three brands include, in order of decreasing 

frequency, the store brand with 46%, Pascual with nearly 14% and Puleva with 13%, 

indicating a significantly higher purchasing frequency of the store brand compared to 

all others. 

In the case of milk, there appeared to be a strong preference for calcium-fortified

milk, especially among the over 60 year range consumers. In general, the majority of 

the enriched products sold were fortified with vitamins or minerals including those 

28%

24%21%

27%

Total Milk Expenditure 

Enriched
Semi-skim
Skim
Whole



36

marketed towards children. Furthermore, a comparatively high number of omega-3

enriched functional milk with heart health claims was consumed. Consumer analysis 

shows that 77% of the milk consumers were female and 23% male, indicating like 

with yogurt a comparatively higher number of female consumers than male (see 

Figure 11a). In general, females had greater expenditures on fluid milk in each milk 

category analyzed, with the largest discrepancy in the case of whole milk. The ages of 

the consumers ranged between 19 and 92 years old, with largest expenditures on each 

milk category from consumers between the ages of 41 and 60 (see Figure 11b).

Figure 11a (Top): Gender distribution and fraction of expenditure of the various milk categories by 
females versus males. Figure 11b (Bottom): Age range of consumers and fraction of expenditure of the 
various milk categories by age range. Source: own calculations.
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Model Specification 

Basic concepts in consumer demand theory 

Functional forms of demand 

 

Over the last several decades, economists have spent a significant amount of time 

attempting to develop models to describe and measure demand facilitating the 

analysis of consumer behavior. An increasingly common approach to measuring 

consumer demand has been with the use of regression analyses using information 

obtained from consumer surveys or retail scanner data.  

 

One of the first demand models formulated was the so-called Stone’s Linear 

Expenditure System (LES), derived from the Stone-Geary utility function (Deaton 

and Muellbauer, 1980a). However with time, many other functional forms have 

surfaced and have been readily used in consumer demand analyses including the 

Rotterdam model, the Working-Leser model, the indirect translog model and the 

Almost Ideal Demand System, or AIDS, the latter two of which are referred to as 

“flexible functional forms” (Deaton and Muellbauer, 1980a; Moschini, 1995; 

Moschini, 1998). Three ranks exist in the case of the AIDS model, a model frequently 

used to estimate consumer demand (Cash and Goddard, 2006). The so-called third 

rank is the least restrictive as it allows non-linear Engel curves. Several rank 3 AIDS 

models have gained popularity in consumer demand research, including the quadratic 

AIDS (QUAIDS), modified AIDS (MAIDS), and rational rank 4 AIDS (RAIDS) 

(Cash and Goddard, 2006; Eales and Unnevehr, 1994).  

 

These models usually focus on simplifying the measurement of elasticities of demand, 

as these are easily understood, conveniently dimensionless, and can be measured as 

parameters of a regression equation (Deaton and Muellbauer, 1980b). One major 

difficulty in modeling demand, however, is knowing which variables to include and 

how.  
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Consumer demand: Marshallian vs Hicksian

Before delving into the specifics of the consumer demand model used in this paper, it 

is important to understand some of the basic concepts and properties of consumer 

demand. In general, there are two ways to describe consumer purchasing behavior. 

Marshallian demand defines it by constrained utility maximization, whereas Hicksian 

as cost minimization. Primal demand leads to so-called Marshallian demand curves,

named after Alfred Marshall, which focus on maximizing utility with a fixed budget, 

taking into account both the income and substitution effects (that is, the change in 

demand caused by a change in consumer income and price, respectively). Contrarily, 

dual demand gives us Hicksian demand curves, named after John Hicks, which set a 

target level of utility and subsequently focus on minimizing the costs associated with 

that utility. Marshallian and Hicksian demands can be seen as two different ways to 

obtain a desired level of utility under a given budget constraint, and are therefore 

often referred to as mathematical duals (see Figure 12).

Figure 12: Graphic representation of Marshallian and Hicksian demands.
Source: own graphical depiction.

The Marshallian demand function, also referred to as Walrasian or uncompensated 

demand, specifies what each consumer would buy at each price, keeping money 

wealth fixed and allowing utility to vary, assuming the consumer also wants to 

maximize utility. One can find the maximum quantity of a good one can demand to 

receive maximum utility by solving the following problem. If 

!

u � u(q) is utility as a 

function of the vector of quantity of n goods, then the objective goes as follows:
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max  

€ 

u(q)  

subject to 

€ 

pkqk = x
i=1

n

∑  

, where p and q refers to the price and quantities of good k and x to the total 

expenditure. Solving the problem by utility maximization with respect to q, would 

compute the most preferred bundle given a certain price and income or total 

expenditure, or 

€ 

qi = f i(p,x). This function is also referred to as the Marshallian 

demand function. Computing the utility with that preferred bundle by substituting it 

back into the utility function, 

€ 

u = u(q), would result in the so-called indirect utility 

function, 

€ 

u* = u( f i(p,x)) or 

€ 

u* = v(p,x), which gives the maximum attainable utility 

when faced with a certain price, income or expenditure. The indirect utility function 

has several properties including that it is continuous, decreases with price and 

increases with income or expenditure, and that it is homogenous with degree 0 in 

price and income. Homogeneity with degree 0 implies that if the price and income 

were to be multiplied by any given constant, the optimal utility would not change. 

The Hicksian demand function, or compensated demand, is the demand of a consumer 

over a bundle of goods that minimize expenditure, while delivering a fixed level of 

utility. The objective in this case is to minimize the cost, or expenditure. The dual 

problem is therefore: 

€ 

h(p,u ) = argmin piqi
i
∑  

subject to 

€ 

u ≤ u(q)  
 

, where 

€ 

h(p,u )
 
refers to the bundle demanded at a certain price, which minimizes the 

total expenditure

€ 

x = pkqk∑ , and places the consumer at a utility level that is as high 

as possible, and at least at the fixed level 

€ 

u . In this demand function, expenditure is 

meant to be minimized given, or constrained by utility, using only utility and price as 

variables. Here, minimizing cost results in the minimum quantity 

€ 

qi = hi(p,u )  a 

consumer would obtain of good i, to maintain a certain utility at a given price. 

Substituting the quantity back into the expenditure function 

€ 

x = pkqk∑ , and solving 

for total expenditure x, would provide the cost function 

€ 

x = c(p,u), that is, the 

minimum amount a consumer would have to spend to obtain that quantity of good i, 
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whilst maintaining the same utility at price p. The cost function and the indirect utility 

function can be related as: 

 

€ 

h(p,u ) = f (p,c(p,u))
or
h(p,v(p,x)) = f (p,x)  

, where c(p,u) gives the minimum expenditure needed get utility u, and v(p,x) the 

utility of having spent x under a fixed price. To relate Marshallian demand to changes 

in Hicksian demand, one can use the Slutsky equation which explains the change in 

quantity demanded of a good caused by price changes as a result of both the 

substitution and income effects (Deaton and Muellbauer, 1980a).  

€ 

∂f i(p,x)
∂p j

=
∂hi(p,u)
∂p j

−
∂f i(p,x)
∂x

f j (p,x)
 

The right hand side of the equation shows both the substitution effect (or change in 

quantity demanded when the price of good j changes, holding utility fixed) and 

income effect (or change in quantity demanded when income or expenditure change). 

Basic properties of demand functions 

 

Regardless of which functional form is used, several properties of demand that restrict 

the model must always be considered, including the adding up, homogeneity, and 

symmetry restrictions. Since a consumer is subjected to a budget constraint, demand 

functions must also satisfy the constraint. The “adding up” restriction states that the 

total value of both the Hicksian and Marshallian demand functions are also subjected 

to the budget constraint, and thus must be equal to and cannot be greater than the total 

expenditure x, or 

€ 

pkhk (p,u)
k
∑ = pk fk (p,x)

k
∑ = x . In other words, the sum of the 

expenditures (p*q) spent on different goods cannot be greater than the consumer’s 

total expenditure at any given time. According the Deaton and Muellbauer, the 

restriction implies that:  

€ 

pk
k
∑ ∂qk

∂x
=1  

€ 

wk
k
∑ ek =1 
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, where 

€ 

∂qk

∂x  is the change in quantity of a good demanded with an increase in total 

expenditure, or expenditure elasticity. Therefore, the sum of all the total expenditure 

elasticity, ek, weighted by corresponding budget share of good k, wk, must add up to 

unity.  

 

As briefly mentioned above, “homogeneity of degree 0” implies that if all prices and 

total expenditures were to change by an equal proportion, the quantity demanded must 

remain unchanged. This concept can be alternately explained if one imagines that a 

person has a list of purchases q that satisfy the budget constraint, for all prices. Since 

the constraint is linear and homogenous in price p and expenditure x, then the vector q 

of purchases will satisfy the constraint for any multiple of p or x. Formally, this means 

that for any value for θ and for all i from 1 to n,  

€ 

f i(θp,θx) = f i(p,x) 
Mathematically, this property of demand implies that for i = 1,…,n: 

€ 

pk
k
∑ ∂qi

∂pk

+ x ∂qi

∂x
= 0

 and 

€ 

eik +
k
∑ ek = 0 

, where the eik is the sum of own price and cross price elasticities of good i, and ei the 

total expenditure elasticity of good i.  Of course in situations where prices do not 

vary, the homogeneity of demand functions is of no use. 

 

A third important property of demand is the “symmetry” of cross price derivatives of 

Hicksian demands. In other words, it requires that the compensated demand effects 

are symmetric. Mathematically, the symmetry restriction can be written as: 

€ 

∂hk (p,u)
∂p j

=
∂h j (p,u)
∂pk  for all k ≠ j.  

This property states that the change in Hicksian demand of good k, caused by the 

change in price of good j, must be equal to the change in demand for good j caused by 

a change in price of good k.  
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In addition to these restrictions imposed on demand models, to maximize the accuracy 

of demand estimation, several additional aspects must be considered when defining a 

model. For example, certain considerations regarding the separability of preferences 

as well as possible issues related to the aggregation of data should be taken into 

account when necessary. Also, issues with zero-consumption often arise especially 

when dealing with household-level data as often not every household consumes the 

good in question.  

Separability and aggregation 

 

In the case of multi-stage budgeting, that is, when a consumer first allocates total 

expenditure to a broad group of products, such as food, followed by allocating total 

food expenditure among various food products, the condition of weak separability of 

preferences for the second stage of budgeting is necessary (Deaton and Muellbauer, 

1980a). This condition states that goods can be partitioned into groups so that 

preferences within the same group can be described independently of the quantities in 

other groups (Deaton and Muellbauer, 1980a). Since the utility function recognizes 

utility as a function of quantity 

€ 

u = u(q), if q1 and q2 are the quantities of different 

food items for example within the food group, the utility uf provided by these goods 

can be separated and grouped together (Molina, 1997), or:  

 

€ 

u = u(q1,q2,q3,q4 ,q5,q6) = f (uf (q1,q2),uc (q3,q4 ),us(q5,q6))  

, where uf = utility of food, uc = utility of clothes, us = utility of shelter (as an example) 

and qi the quantities of various products belonging to the various groups.  

 

If the marginal rate of substitution between any two goods belonging to the same 

group is independent of the consumption of goods from another group, it can be said 

that there is a weak separability of preferences between the goods of one group and 

the other. Weak separability permits the quantity demanded of a good to be expressed 

as a function of not only its own price, but the price of goods within the group and the 

total expenditures on the group if the good is separable from other groups, thereby 

reducing the number of independent variables required in demand estimation. 
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Most previous demand analyses work under the assumption of weak separability. For 

example, some have modeled demand for various meat types given total meat 

expenditures, ignoring the prior stages of expenditure allocation and thus neglecting 

possible relationships with other commodities. It is however more often the case that 

changes in the price of one type of meat not only will effect the demand for each meat 

but also the budget allocation to meats and other groups in the previous budgeting 

stage, causing further indirect changes within the meat sub-category. Therefore, the 

total effect of price changes on meat demand will be the sum of the direct and indirect 

effects at the various stages. For this reason, both conditional elasticities, taking only 

the expenditure on the sub-category into account, and unconditional elasticities, 

taking total household living expenditure into account, are often estimated and 

compared. Elasticities from conditional demand functions within a subsystem often 

differ quite significantly from unconditional elasticities calculated from demand 

systems that include all goods (Klonaris and Hallam, 2003). 

 

Time series data used for demand estimation is often aggregated. Aggregate demand, 

however, does not comply with individual consumer demand theory, which refers to 

individual consumer demands for individual goods. When data is aggregated, 

therefore, the condition of “exact aggregation” is required, which treats aggregate 

demand estimation as resulting from the behavior of a single utility-maximizing 

consumer. Exact linear aggregation assumes that the individual consumer is different 

only in what he or she spends and not in the prices he or she faces. Therefore, 

aggregate demand can be written only as a function of prices and aggregate mean 

expenditure. Marshallian demand for good i in household h can be specified as a 

function of total expenditure of the household xh and price p, or 

€ 

qih = f ih (p,xh ). In the 

case of numerous households (H), however, the average aggregated demand would be 

a function of the total expenditures of all households combined and the single same 

price the households face (or the sum of all the individual demands divided by the 

total number of households): 

€ 

q i = qi(x1,x2,...,xH , p) =
1
H

fih (xh, p)
h
∑  or 

€ 

q i = f i(x , p)  

, where 

€ 

x = 1
H

xh
h
∑ is the average total expenditure. 
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This only holds true if all individual household demand equations are linear in 

expenditure. If this is so, the individual demand equation can be represented as: 

€ 

qih = aih (p) + bi(p)xh   

and when aggregated then, 

€ 

q i = ai(p) + bi(p)x  

The equation implies that the quantity demanded for a specific good in household h, 

will change with expenditure of the household xh. In the aggregated demand, ai(p) is 

the average of aih(p). The condition states that qih is proportional to xh and qi is 

proportional to x, or that the quantity of good i demanded in a household is 

proportional to the total expenditure of that household and the quantity demanded in 

the entire population is proportional to the total expenditure of the population. 

According to Deaton and Muellbauer, this condition is necessary whether you assume 

aggregate or individual utility maximization (Deaton and Muellbauer, 1980a).  

 

Deaton and Muellbauer ultimately define exact aggregation as the aggregation over 

budget shares rather than the quantity of goods demanded from different consumers. 

The average budget share for a good i therefore, represented as 

€ 

w i is the weighted 

average, rather than simple average of individual budget share wih with weights equal 

to the share of each individual total expenditure on good i.  

Dealing with zero-purchases 

 

Perhaps one of the most important considerations to take into account in demand 

estimation is the decision of what to make of zero-purchase observations. Although 

household-level microdata provides far more information in terms of 

sociodemographic and regional information, using weekly or monthly aggregated 

time series data usually circumvents the zero-consumption problem that is often an 

issue with microdata. In this analysis recorded zero-purchases were treated as 

missing, however more commonly these should be taken into account. If the 

percentage of zero-consumptions is high, one should consider a technique that deals 

with a censored system to prevent possible biased and inconsistent estimates. 

 

There are several ways to approach the issue including aggregating zeros away by 

defining broader categories, which minimizes the level of product disaggregation and 
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can reduce zero-consumption observations. Doing this removes any bias, but reduces 

efficiency. To increase efficiency and value of the results, a more common approach 

is to include zero-purchases and correct for the censored dependent variable problem 

by using censored regression models (Taniguchi and Chern, 2000; Davis et al., 2009 

and 2010; Heien and Wessels, 1990; Chern et al., 2003). This is particularly important 

in cases with a high percentage of zero-consumption (Heien and Wessels, 1990). 

 

For example, Heien and Wessels (1990) used a 2 step-estimation procedure, in which 

they computed a probit regression which determined the probability that a household 

would consume the good in question for each category analyzed, followed by another 

regression used to compute the inverse Mills ratio for each household. This inverse 

Mills ratio was then used as an instrument incorporating the censoring latent variables 

into the second stage demand estimation. Furthermore, without consumption there is 

no available price data, which Heien solve with a regression of the data on the prices 

of the items from the households that did make the purchases. However, many 

alternative methods exist, including the use of Tobit model, which offer possible 

solutions to the problem of zero-purchases when analyzing demand (Taniguchi and 

Chern, 2000, Ecker and Matin, 2010; Huang, 2000; Cash and Goddard, 2006). 

Main aim of demand estimation 

 

Understanding consumer demand for any category of food or drinks can provide 

valuable insight into the future growth of the food and drink industry, helping firms 

make effective production and marketing choices to promote sustainable growth of 

the industry. The main focus in demand studies is the estimation of own-price, cross-

price and expenditure elasticities. In addition, including demographic variables such 

as gender and age, in the demand model provides helpful information as to which 

household characteristics affect the demand of certain food products and how. 

 

Expenditure elasticities are often used as a proxy for income elasticity in demand 

models. Income elasticity of demand, or IE, measures the effect of income changes on 

demand, ceteris paribus. Goods whose demand at each price increases as consumer 

income increases are referred to as normal goods, whereas goods whose demand 

decrease are known as inferior goods. Own-price elasticity of demand, or OPE, gives 
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the percentage change in the quantity of a good demanded in response to a 1% change 

in price, ceteris paribus, thereby providing a measure to explain the sensitivity of 

demand to changes in price of that good. With the exception of Giffen goods, OPE is 

typically negative in value. Furthermore cross price elasticities, or CPE, are used as a 

measure to explain the effect of a change in price of one good on the quantity 

demanded of another and thus gives insight into the substitutability or 

complementarity between goods. A summary of the various types of goods classified 

according to own-price, income and cross-price elasticities is presented in Appendix 

A, Figure A14. There are two types of demand elasticities; uncompensated, or 

Marshallian, elasticities do not take income changes into account for any changes in 

price, whereas compensated, or Hicksian, elasticities allow income to change to 

“compensate” for price changes.  

 

Hicksian price elasticities measure the relationship between the price of a particular 

good and the consumed quantity for a constant level of utility, and not a constant level 

of income, whereas Marshallian price elasticities measure the relationship between 

price of a good and quantity for a constant level of income. Changes in consumer 

incomes associated with price changes are therefore captured by uncompensated 

Marshallian price elasticities  

 

As policy makers are often interested in understanding how much income would be 

needed for consumers to purchase the same quantities after price increases and 

retailers are interested in how price changes affect household expenditure and 

demand, the information provided in these analyses can help economists and retailers 

understand how consumers will respond to price and how purchasing behavior will 

change with income, or expenditure, changes. Furthermore, cross-price elasticities can 

be useful for retailers, for example, to optimize stock management or for policy 

makers, to analyze the effect of policy changes and forecast future market demands. 

Understanding the effect of demographics or other demand shifters on consumption 

patterns, could also help food manufacturers, marketers and retailers boost sales 

through more specific marketing strategies. Retailer managers, for example, can 

design specific pricing and promotional programs based on the demographics of 

specific store locations. 
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The purpose of the demand study presented in this paper is to estimate the price and 

expenditure elasticities of various categories of yogurt and milk based on retail 

scanner data from a supermarket chain in Spain. The information provided from these 

estimates could help food manufacturers predict how decreases in household income 

would impact product sales and how price changes would affect demand and thus 

revenue. If studies determine that a good is perfectly inelastic, for example, a change 

in price would not affect quantity, implying that an increase in price would increase 

revenue. Conversely, a price change in the case of unitary elastic goods would have 

no effect on total revenue, and an increase in price of perfectly elastic goods would 

decrease total revenue to zero. Due to the valuable information that elasticity 

estimates can provide, food manufacturing companies, for example, have a strong 

interest in estimating demand functions to understand consumer receptiveness and 

ultimately the potential profitability of innovative food products.  

Model specification: QUAIDS  

 

The functional form used for the demand estimation in this analysis is a variation of 

the Almost Ideal Demand System, or AIDS, initially proposed by Deaton and 

Muellbauer in 1980. Besides being a frequently applied model in demand estimation, 

the reasons for choosing the AIDS system included it’s general advantages over other 

models. Among others, the model satisfies the axioms of choice exactly, is simple to 

estimate, and can be used to test restrictions of homogeneity and symmetry through 

linear restrictions on fixed parameters (Deaton and Muellbauer, 1980a; Green and 

Alston, 1990; Alston et al., 1994; Buse, 1994; Buse, 1998). Although comparable to 

the Rotterdam and translog models, which have also been used to test homogeneity 

and symmetry restrictions, the AIDS model and its variations uniquely possess all the 

above-described characteristics simultaneously (Deaton and Muellbauer, 1980a; Holt 

and Goodwin, 2009).  

 

As mentioned above, expenditure is used as a proxy for income in the AIDS demand 

system. Expenditure elasticities measure the percentage change in expenditure on a 

good as total expenditure increases (Browne et al., 2007). In 1997 Banks et al. 

recognized that although the AIDS model allows flexible price responses, it has 

expenditure share Engel curves that are linear in the logarithm of total expenditure 
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(Banks et al., 1997). However, it is likely that often this relationship is not entirely 

linear. Since income varies across the individual consumers and income elasticities 

across goods, the income effect for individuals at different points must be fully 

captured. Banks et al. (1997) argue that introducing a quadratic logarithmic income 

term into the model enhance flexibility of the AIDS system, especially important in 

the case of household data. For these reasons, the so-called quadratic AIDS model, or 

QUAIDS, with quadratic logarithmic expenditure shares has become increasingly 

popular in consumer demand research and was also used for this analysis.  

 

The quadratic AIDS model is based on the indirect utility function: 

 

€ 

lnV (p,m) =
lnm − lna(p)

b(p)
⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

−1

+ λ(p)
⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

−1

 
 

, where m is the total yogurt/milk expenditure and p the vector of prices.  

€ 

lna(p) = α0 + α i ln pi
i=1

k

∑ +
1
2

γ ij ln pi ln p j
j =1

k

∑
i=1

k

∑   

€ 

b(p) = pi
β i

i=1

k

∏  

and  

€ 

λ(p) = λ ln pi
i=1

k

∑
 

 
The lna(p) term represents the translog price index where pi is the price of good i = 

1….k  and pj the price of good j = 1….k. The term b(p) represents the Cobb-Douglas 

price aggregator function and λ(p) the price aggregator. In this case, total household 

yogurt/milk expenditure is used, as weak separability is assumed, thereby restricting 

the number of goods in the system. This can only be done if it is assumed that 

consumption of yogurt/milk is independent of the consumption of non-yogurt/non-

milk items. The total expenditure is aggregated for each household over the 4-month 

period.  

 



 49 

All parameters are estimated except α0, which is difficult to estimate directly and 

therefore commonly set to the minimum level of expenditure that would be needed for 

subsistence if all prices were equal to 1 (Deaton and Muellbauer, 1980a; Poi, 2002; 

Poi, 2008; Poi, 2012). As is a basic requirement for the demand models, including the 

AIDS model, adding up, homogeneity and symmetry require that  

€ 

α i =1
i=1

k

∑

€ 

βi = 0
i=1

k

∑

€ 

γ ij = 0
j =1

k

∑

€ 

λi = 0
i=1

k

∑  and 

€ 

γ ij = γ ji 

 

Applying Roy’s identity to the indirect utility function described above results in 

yogurt budget shares for each group which can be expressed in the final QUAIDS 

specification: 

€ 

wi = α i + γ ij ln p j
j =1

k

∑ + βi ln
m

a(p)
⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

+
λ i

b(p)
ln m

a(p)
⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

2

  

, where the expenditure share for good  i is 

€ 

wi =
piqi

m
, or  

 

€ 

wi = α i + γ ij ln p j
j =1

k

∑ + βi ln
x
P

⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

+
λ i

pi
β i

i
∏

ln x
P

⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

2

+ ui

 

where lnP = lna(p) and m = x and therefore x/P refers to the deflated total 

expenditure, or the translog price index which shows averages of changes in prices 

(Asche and Wessells, 1997). If prices were never to change, then expenditure on 

yogurt/milk x would be a good measure of the amount of yogurt/milk that was 

purchased.  However, prices in the dataset vary slightly due to temporal price changes 

and/or promotions. Expenditure or income are deflated to take into account these 

changes in price. The estimated β coefficients show the effect of changes in real 

expenditure on quantity demanded (or budget share).  

 

One can immediately note that when 

€ 

λi = 0∀i , the quadratic term in each expenditure 

share falls away, resulting in the original AIDS structural form discussed above. Due 
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to the price index used in this model, the equations must be estimated using nonlinear 

estimation techniques, such as the non-linear seemingly unrelated (nlsur) regression.  

Price and expenditure elasticities from QUAIDS 

 

The final expenditure, compensated and uncompensated own-price and cross-price 

elasticities can be calculated from the following formulas: 

 

Expenditure elasticity: 

 

 

Uncompensated (Marshallian) price elasticities: 

 
 
where δ = 1 if i = j (OPE), and δ = 0 if i ≠ j (CPE). 

 

Using the Slutsky equation, the compensated (Hicksian) price elasticities can 

subsequently be calculated with  

€ 

eij
H = eij

M + Eiw j
*  

 
, where  
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Demographic scaling  

 

Often times it is desirable to include demographic variables when analyzing consumer 

demand to determine possible influences of these variables on the consumption 

patterns of individual households. Interestingly, relatively little studies have thus far 

been conducted analyzing the effect of demographics on the demand of innovative 

food products such as functional foods. To analyze the effect of the characteristics of 

Spanish consumers on the demand of the various yogurt and milk categories, with 

particular interest in the effect on functional food demand, age and a gender dummy 

variable were ultimately included in the QUAIDS demand model.  

 

There are two main ways in which demographics can be included in demand systems; 

demographic translation or demographics scaling (Pollack, Wales, 1981; Ray, 1983). 

Translation of the demand system shifts only the demand of the goods in question, 

while scaling adjusts price and total expenditure x, ultimately affecting demand 

elasticities. Demographic translating refers to the effect of impacting the underlying 

cost function via fixed or subsistence level costs. Demographic scaling on the other 

hand changes the relative slope of the budget constraint by modifying the effective 

prices via changes in demographic characteristics. 

 

In the case of the QUAIDS model demographics can be incorporated using the scaling 

technique introduced by Ray (1983). Poi (2002) extended the technique to the 

quadratic AIDS, using z to represent a vector of s characteristics (z can for example be 

a scalar representing the size of a given household). If we let eR(p,u) denote the 

expenditure function of a reference household, which can be comprised of a single 

person in some cases, Ray’s method uses for each household an expenditure function 

of the form: 

€ 

e(p,z,u) = m0(p,z,u)⋅ eR (p,u) 

, where m0(p,z,u) scales the expenditure function to account for household 

characteristics. For example, m0 would scale up the function to account for the number 

of people in a household. 
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Ray further decomposes the scaling function as  

€ 

m0(p,z,u) = m 0(z)⋅ φ(p,z,u). 

The first term measures the increase in a household’s expenditure as a function of z, 

not controlling for any changes in consumption patterns. For example, a household 

with four members would have higher expenditures than with one, however an 

increase in number of people in the household to 2 does not necessarily imply that 

there is double the demand. The second terms controls for changes in relative prices 

and the actual goods consumer, for example a household with two adults and children 

will consume different goods that a household of four adults only. 

 

Following Ray (1983), Poi (2002) parameterized 

€ 

m 0(z)  as: 

€ 

m 0(z) =1+ ρ'z  

, where ρ is a vector of parameters to be estimated. Furthermore, Poi (2002) 

parameterized 

€ 

φ(p,z,u)  as: 

€ 

lnφ(p,z,u) =
p j
β j

j =1

k
∏ p j

η' j z −1
j =1

k
∏⎛ ⎝ ⎜ 

⎞ 
⎠ 
⎟ 

1
u
− λ j ln p j

j =1

k

∑
 

 
This functional form has the advantages of resulting in expenditure share equations 

that mimic their counterparts without demographics. ηj represents the jth column  of s 

x k parameter matrix η. Subsequently, the final QUAIDS expenditure share equations 

with demographics take the form: 

€ 

wi = α i + γ ij ln p j + (βi +
j =1

k

∑ η' j z)ln m
m 0(z)a(p)

⎧ 
⎨ 
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⎫ 
⎬ 
⎭ 

+
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b(p)c(p,z)
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⎧ 
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⎩ 

⎫ 
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⎡ 
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⎤ 
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, where m again equates to x (expenditure) and

 

€ 

c(p,z) = p j
η' j z

j =1

k
∏

 
When demographic variables are included in the quadratic AIDS model, the formulas 

for calculating elasticities change.  

Expenditure or income elasticity for good i can subsequently be derived from: 
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€ 
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, where the expenditure elasticity Ei is: 
 

€ 

Ei =
µi

wi
* +1

 

The uncompensated price elasticity of good i with respect to changes in the price of 

good j can be derived through differentiation of lnx and lnpj : 

€ 
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, where pl in the above equation is the price index calculated as the arithmetic mean of 

prices for all i yogurt groups. As before, compensated (Hicksian) price elasticities can 

be obtained using the Slutsky equation: 
 

€ 

eij
H = eij

M + µiw j  

Results and Discussion 

Data preparation 

 

Since the dataset provided the total price paid (in €) per consumer per product 

together with the respective package sizes and number of packages (units) bought, the 

unit prices paid (per 100 grams in the case of yogurt and per liter in the case of milk) 

could be calculated for each of purchases made from the total quantity in grams/liters 

purchased and the total expenditure. Furthermore, the total expenditures on both 

yogurt and milk in general and the total expenditures on each category (in €) were 

calculated to obtain the respective budget shares, wi, for each category, where i = 

1,…4 for the four categories in question (where 1 = drinkable yogurt, 2 = enriched 
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yogurt, 3 = low-fat yogurt, 4 = whole-fat yogurt; and 1 = enriched milk, 2 = semi-

skim milk, 3 = skim milk, 4 = whole milk). 

 

Possible temporal or seasonal effects on consumption behavior were ignored in the 

estimation, as the retail scanner data provided spanned from July until October 2011, 

a relatively short period of approximately one season. As the dataset was treated as 

cross-sectional data, the expenditure-weighted average prices for each category, pi, 

were calculated for each consumer with: 

€ 

pi = pk

pkqk∑
piqi∑

⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟  

, where k is the number of products purchased by each consumer within a given 

category. Furthermore, the demographic variables age and a gender dummy variable 

were created and included in the estimation to take into account possible effects or 

influence of these characteristics on demand of these categories. 

Demand analysis  

Descriptive statistics 

 

Descriptive statistic analysis using the STATA® data analysis and statistical software 

calculated the means, standard deviations, minima and maxima of the variables used 

for analysis. Results showed that the average age of yogurt consumers was around 54 

years, with a minimum of 18 and maximum of 95 (see Appendix B, Table B1). The 

average prices per 100 grams paid for the various categories of yogurt products 

rounded to 0.32€ for drinkable yogurt, 0.25€ for enriched, 0.22€ for whole fat yogurt, 

and 0.20€ for low-fat in order of decreasing price. These results indicate that on 

average, drinkable and enriched yogurt products had the highest unit prices, which 

coincides with findings that functional foods are usually sold at higher prices 

(Kotilainen et al., 2006). The unit prices (pi) per 100grams ranged from 0.06€ to 0.63€ 

for drinkable yogurt, 0.04€ to 0.60€ for enriched non-drinkable yogurt, 0.04€ to 0.47€ 

for low-fat non-drinkable and 0.05€ to 0.63€ for whole-fat non-drinkable yogurt. 

Furthermore, the mean expenditure of the 1329 consumers approximated to 146€ over 

the course of the 4-month period, with a minimum yogurt expenditure of only 3.31€ 

up to 3500.84€. Since Deaton and Muellbauer have suggested to use the minimum 



 55 

expenditure in the system for α0, as mentioned above, the α0 parameter was set to 3 

for estimation of the QUAIDS model and ultimately elasticity calculation (Deaton and 

Muellbauer, 1980a). 

  

As is the case in the AIDS model, the adding up, homogeneity and symmetry 

restrictions had to be held in order for the demand function to represent a system of 

functions in which the sum of the budget shares are unity, in other words add up to 

total expenditure, or

€ 

wi =1∑ . In the QUAIDS estimation method used for STATA, 

the homogeneity and symmetry restrictions were automatically imposed. Descriptive 

statistics indicated that the average budget shares (wi) were 33%, 25%, 16% and 26% 

of the total budget spent on yogurt, on drinkable, enriched, low- and whole-fat yogurt 

respectively, which add up to unity.  
 

In the case of milk, descriptive statistic analysis revealed that the average age of milk 

consumers was around 52 years old (see Appendix B, Table B2). The average prices 

per liter paid for the various categories of milk came to approximately 1.04€/liter for 

enriched milk, followed by 0.93€/liter for skim milk, 0.80€/liter for semi-skim and 

0.79€/liter for whole milk, revealing again as expected a higher unit price for enriched 

functional milk products. Unit prices ranged from 0.6€/liter to 1.39€/liter for enriched 

milk, 0.44€ to 2.78€/liter for skim milk, 0.48€/liter to 3.29€/liter for semi-skim and 

0.46€/liter to 1.71€/liter for whole milk. Furthermore, the mean expenditure on milk 

over the 4-month period approximated to 43€ over the course of the 4-month period, 

with a minimum milk expenditure of only 5.27€ and a maximum of 241.2€. As 

before, following Deaton and Muellbauer (1980), the α0 parameter was set to 5 for 

estimation of the QUAIDS model. Finally, the average budget shares on milk rounded 

to 27% on semi-skim, 25% on whole, 25% on enriched and 23% on skim milk, in 

order of decreasing budget share.  

Parameter estimates  
 
The parameters were estimated by iterated feasible generalized nonlinear least-

squares (or FGNLS) via STATA’s nlsur command with the ifgnls option. (iterative 

SUR estimators are like maximum likelihood, as long as error terms have multivariate 

normal distribution).   
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As mentioned above, the adding up condition

€ 

wi =1∑  requires that 

€ 

α i =1
i=1

k

∑ , 

€ 

βi = 0
i=1

k

∑ , 

€ 

λi = 0
i=1

k

∑ , and 

€ 

γ ij = 0∀j
i=1

k

∑  

As the adding-up condition implies singularity, one of the k demand equation was 

omitted before each estimation, and only the remaining k-1 were estimated. The 

parameters of the dropped equation were then recovered using the homogeneity, 

symmetry, and adding up conditions listed above. For example, as the sum of α 

coefficients must sum to 1, 1 - α1 - α2 - α3 will calculate α4, and so on. Research has 

shown that which equation is dropped from estimation is irrelevant (Poi, 2002). 

Furthermore, the demand functions are assumed homogenous of degree 0 in prices 

and expenditures 

€ 

γ ij = 0∀j
i=1

k

∑  and should satisfy Slutsky symmetry 

€ 

γ ij = γ ji. In such a 

case, γij shows the effect of changes in relative prices and βi the effect of changes in 

real expenditure. If βi > 0 and expenditure elasticity is larger than unity (Ei > 1), the 

goods, or category, in question represents luxury goods, while if βi < 0 and 

expenditure elasticity between 0 and 1 (0 < Ei < 1) the goods are necessary goods. 

Furthermore, if βi < -1 and the expenditure elasticity is negative (Ei < 0), the goods 

can be considered inferior. 

 

In the case of yogurt, QUAIDS estimation showed that all estimated α coefficients 

were significant and positive at the 1% significance level (see Appendix B, Table B3). 

Interestingly, none of the estimated β expenditure coefficients were significant, 

whereas all but two of the price coefficients γ were statistically significant at the 1% 

level. In addition, one of the price aggregators λ was statistically significant at 1%. 

Wald tests were subsequently performed on the all parameters including λ, to show if 

the quadratic term of log income was significant or not, and therefore if the QUAIDS 

model was a good model choice. The test indicated that the null hypothesis (H0: λi = 

0; that λi is not significant and has no effect on expenditure) can be rejected, showing 

that the quadratic income term is statistically significant (see Appendix B, Table B5). 

Furthermore, a Wald test of the significance of both λ and β, revealed that these two 

parameters were jointly significant (data not shown).  
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In the case of milk, estimation results show that 2 of the four estimated α parameters 

were significant (see Appendix B, Table B4). Interestingly, 2 of the 4 estimated β and 

λ coefficients and about 4 price coefficients were statistically significant. Wald tests 

indicated that the null hypothesis (H0: λi = 0) could be rejected again, revealing that 

the quadratic income term was statistically significant and thus the QUAIDS an ideal 

model to use for demand estimation (see Appendix B, Table B6).  

Significance of demographics  

 

In the case of yogurt demand, consumer age appears to have a statistically significant 

effect on both drinkable and low-fat yogurt demand at a 10% and 5% level 

respectively (see Appendix B, Table B3). Furthermore, age significantly influences 

enriched and whole-fat yogurt demand at nearly 20%. In fact, the Wald test shows 

that age is jointly significantly different from 0 at the 20% significance level (data not 

shown). Specifically, an increase in age appears to increase the demand for drinkable 

yogurt and decrease the demand for low-fat yogurt. Expectedly, an age increase 

increases the demand for whole-fat yogurt. Surpringly, however, age has a negative 

effect on enriched yogurt demand. This could in part be due to a general skepticism of 

elderly in Spain towards functional food products, which have previously been 

identified most notably in southern European countries. In all cases, though 

significant, the effect of age on yogurt demand was comparably low with values close 

to zero.  

 

These results coincide with Bonanno (2009), which found that average age had a 

positive relationship with yogurt demand in the Italian market, implying that yogurt 

demand increased with increasing age. These results coincide with the observations 

made above, where we can see that 29% of expenditures on low-fat yogurt came from 

the over 60-year old consumer age range, 35% for whole-fat, 39% for enriched 

products, and 53% for drinkable yogurt, in order of increasing expenditure share. In 

other words, over 39,128€ of the total expenditure on drinkable yogurt 74,421€ 

(nearly 53%) came from consumers over 60 years of age. In addition, the yogurt 

category in which over 60 year olds constitute the smallest age-range of consumers, 

relative to other categories, are the low-fat yogurt products. One could conclude that 
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Spanish consumers over 60 years of age have a certain increased preference for 

drinkable yogurt and less interest in low-fat yogurt.  

 

The null hypothesis that gender plays no significant role in determining expenditure 

patterns on yogurt (H0: ηi = 0, ρi = 0 for all i=1,..k), could not be rejected, indicating 

that gender was not jointly significant (data not shown). However, gender 

significantly influenced demand of enriched and whole-fat yogurt at 20% and nearly 

5%, respectively (see Appendix B, Table B3). Females had greater demand for 

enriched yogurt products and generally had lower demand for whole-fat yogurt. In the 

case of gender, results coincide with the observation that, relative to the other 

categories, the lowest percentage of spending from female consumers could be found 

in the whole-fat yogurt category. Furthermore, previous studies had indicated that 

females in general showed a higher preference for low-fat food products controlling 

body weight (see above). However, since the Wald test did not allow us to reject the 

null that gender was not significant, these results are not truly indicative of the 

influence of gender on yogurt demand. 

 

In the case of milk, with p-values significantly larger than 0.05, age played a 

statistically insignificant role in milk demand. However, at a nearly 10% level, age 

had a significant influence on enriched milk demand (see Appendix B, Table B4). 

Surprisingly, as with yogurt, an increase in age again decreased the demand of 

enriched functional milk products. This is particularly unexpected, as the majority of 

functional milk products purchased during this time period were calcium-enriched and 

thus had claims promoting bone health. Furthermore, gender was a significant and 

positive determinant in semi-skim milk demand at 5%, revealing that females overall 

had a greater demand of semi-skim milk (see Appendix B, Table B4).  

Expenditure elasticities of yogurt 

 

The main objective of this analysis was to estimate the expenditure, uncompensated 

(Marshallian) and compensated (Hicksian) own-price and cross-price elasticities 

related to the demand of various categories of yogurt and milk, in order to understand 

consumer receptiveness of different innovative food products. (Note: expenditure and 
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price elasticities based on parameter estimates of the model were calculated at sample 

means, and their respective standard errors using the delta method).  

 
Table 3a: Yogurt Expenditure Elasticities (at means ) 
 Expenditure elasticity (Ei) 
Drinkable 1.1196*** 

(0.0654) 
Enriched 1.1008*** 

(0.0831) 
Low-fat 0.9636*** 

(0.1048) 
Whole-fat 0.7740*** 

(0.0818) 
                                 *** = significant at 1% level. Source: own calculations. 

 

In the case of yogurt, expenditure elasticities are all statistically significant at the 1% 

level, and for two of the four categories (drinkable and enriched) are slightly above 

unity, with 1.12 and 1.10 respectively, indicating that an increase in yogurt 

expenditure would result in a slightly greater increase in the expenditure on both 

drinkable and enriched yogurt compared to low-fat and whole-fat products for which 

expenditure elasticities are 0.96 and 0.77 respectively (see Table 3a). The resulting 

expenditure elasticities above unity imply that in Madrid and Barcelona, drinkable 

and enriched yogurt products are luxury goods compared to low-fat and whole-fat, 

which interestingly can be considered necessity goods.  

 

Similar results have been found in other studies, which have estimated expenditure 

elasticities of 1.97 for yogurt when examining Canadian dairy demand using the 

AIDS model, for example (Veeman and Peng, 1997). In addition, Glaser and 

Thompson 2000 found expenditure elasticities of 1.003 and 1.173 for whole and low-

fat private label milk, respectively, indicating a greater elasticity in the case of low-fat 

dairy products compared to whole-fat (Glaser and Thompson, 2000). Similarly, Li et 

al. found expenditure elasticities of 0.71 for organic whole compared to 0.87 for 

organic skim milk and elasticities close to unity for conventional milk, indicating a 

larger elasticity for reduced-fat milk than whole-fat (Li et al., 2012). In addition, Dhar 

and Foltz calculated expenditure elasticities of 0.52 for whole milk and 1.08 for skim 

milk (Dhar and Foltz, 2004).  Finally, and perhaps most interesting, expenditure 

elasticities of refrigerated, frozen, and drinkable yogurt have been estimated to 0.998, 

1.029 and 1.000, respectively, indicating that drinkable yogurt had a higher 
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expenditure elasticity (at unity) than normal refrigerated nondrinkable yogurt (Davis 

et al., 2010).   

Expenditure elasticities of milk 

 

Estimation revealed some interesting results regarding changes in milk consumption 

due to changes in expenditure, or income. In general, all but one of the elasticities 

computed are statistically significant at the 1% level. Interestingly, results reveal an 

expenditure elasticity above unity with 2.11 in the case of enriched milk products, 

indicating that an increase in consumer expenditure would result in a far greater 

increase in expenditure on functional milk (see Table 3b). Contrarily, expenditure 

elasticities of skim and whole milk are similar and below unity with 0.80 and 0.79. As 

was the case with yogurt, these estimates imply that functional milk is a luxury good, 

while skim and whole milk are necessity goods. Furthermore, though only significant 

at the 30% level, elasticity estimates of 0.32 show that increases in expenditure result 

in a smaller increase in expenditure on semi-skim milk.  
Table 3b: Milk Expenditure Elasticities (at means ) 
 Expenditure elasticity (Ei) 
Enriched 2.1081*** 

(0.2600) 
Semi-skim 0.3190° 

(0.2645) 
Skim 0.8045*** 

(0.2980) 
Whole 0.7917*** 

(0.2887) 
         *** = significant at 1% level, ° = at 30% level. Source: own calculations. 

These results are not surprising compared to previous studies. In fact, as mentioned 

above, Li et al. (2012) found expenditure elasticities of 0.71 and 0.87 for organic 

whole and organic skim milk, respectively. Furthermore, Gould (1996) found 

expenditure elasticities close to unity for whole, 2% and 1% milk and Glaser and 

Thompson (2000) found greater expenditure elasticities for low-fat compared to 

whole-fat milk. Interestingly, Jones et al. (2003) found comparable elasticities for 

low-fat milk with 0.837 for high-income and 1.025 for low-income consumers, 

respectively.  
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Uncompensated price elasticities of yogurt 

 

All uncompensated (Marshallian) own-price elasticities of yogurt demand are 

significant at the 1% level and negative, indicating that, as all other studies have 

shown, an increase in price of the respective goods leads to a decrease in the demand 

of each yogurt variety. Interestingly, the uncompensated own-price elasticities, in 

order of decreasing elasticity, have been estimated to -0.712, -0.701, -0.673 and -

0.608, for enriched, whole-fat, drinkable and low-fat, respectively (see Table 4a). 

These results are surprising as they show that yogurt demand in Spain is relatively 

inelastic, whereas most previous studies had shown elastic demand of the various 

yogurt types. However, OPE estimates usually show more elastic demand when food 

products are highly sub-categorized. As the categories in this study comparatively 

broad, similar to Davis et al. (2010), the OPE are also comparable. Although the 

demands for each of the categories of yogurt are inelastic, enriched yogurt products 

appear to be most sensitive to price changes compared to whole-fat and drinkable, 

with low-fat being the most inelastic. Furthermore, of the 12 cross-price elasticities 

calculated, 4 are significant at the 1% level, 2 are significant at the 2% level and 2 at 

the 5% level, resulting in a total of 8 out of 12 significant CPE. Interestingly, all the 

significant CPE are negative in sign, indicating a complementary relationship between 

the goods.  
Table 4a: Uncompensated (Marshallian) Price Elasticities; Yogurt 

Column j 
Row i 

Drinkable Enriched Low-fat Whole-fat 

Drinkable -0.6730*** 
(0.0486) 

-0.1673*** 
(0.0373) 

-0.1034*** 
(0.0303) 

-0.1761*** 
(0.0354) 

Enriched -0.2216*** 
(0.0547) 

-0.7122*** 
(0.0705) 

-0.1170** 
(0.0479) 

-0.0503 
(0.0516) 

Low-fat -0.1661** 
(0.0704) 

-0.1471* 
 (0.0750) 

-0.6082*** 
(0.0866) 

-0.0423 
(0.0683) 

Whole-fat -0.1076* 
(0.0508)  

0.0341 
(0.0497) 

0.0006 
(0.0415) 

-0.7005*** 
(0.0599) 

      * = significant at 5% level, ** = at 2% level, *** = at 1% level. Source: own calculations. 

Results show that enriched (functional) yogurt demand is most sensitive to price 

changes compared to the other yogurt categories, and that whole-fat demand is more 

elastic in demand than lowfat. These results coincide with previous studies, which 

have shown that whole-fat yogurt demand was more price elastic (more sensitive to 

price changes) than low fat (Bonanno, 2009). Furthermore, Dhar and Foltz (2004) 

showed uncompensated OPE, or more elastic demand, for whole milk with -2.4 

compared to -1.73 for low fat.  
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In terms of functionality, Bonanno (2009) showed that functional yogurt demand was 

more sensitive to price changes than conventional. In addition, the study by Dhar and 

Foltz (2003) revealed uncompensated own-price elasticity estimates around -4.40, -

1.37 and -1.04 for rBST-free, organic and unlabeled milk respectively, indicating a 

greater price sensitivity in the case of milk labeled as rBST-free and organic milk (and 

therefore marketed as healthier milk for consumers). Though it is arguable to compare 

rBST-free milk with functional yogurt, this study found a similar conclusion, one 

could say, as enriched yogurt demand shows the highest sensitivity to price changes 

compared to yogurt products whose health benefits are not publicly displayed 

including whole fat. Furthermore, Dhar and Foltz also found negative uncompensated 

cross-price elasticities between organic and rBST-free milk. 

 

Of the 42 drinkable yogurt products consumed over the 4-month period, 31% were 

low in fat and 76% were functional (enriched with lactobacillus, bifidus or plant 

sterols claimed to help reduce cholesterol) (data not shown). Studies have shown that 

drinkable functional yogurts have lower own-price elasticities of demand compared to 

conventional drinkable yogurts (Di Giacomo, 2008). As all forms of drinkable yogurt 

are aggregated into one category in this study, no comparison can be made. However, 

drinkable yogurt demand does appear to be less sensitive to prices than enriched and 

whole fat. Other studies have revealed comparable own-price elasticities of -0.51 for 

yogurt as an aggregated category and -0.799 for drinkable yogurt (Boehm, 1975; Di 

Giacomo, 2008). It is possible that the comparably lower price elasticity (increased 

inelasticity) found by Boehm is due to the aggregation of the yogurt category. Finally, 

Davis et al. (2010) estimated uncompensated price elasticities for refrigerated, frozen 

and drinkable yogurt of -1.012, -2.026, and -1.103 (Davis et al., 2010). The study by 

Davis et al. suggests that while yogurt demand in general appears comparably elastic, 

drinkable yogurt is more elastic compared to conventional refrigerated yogurt 

products, coinciding with the elasticities estimated in this study in that drinkable 

yogurt has been found to be more elastic than conventional low-fat yogurt.  
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Uncompensated price elasticities of milk 

 

In the case of milk demand, all uncompensated (Marshallian) own-price elasticities 

are significant at the 1-2% level and negative, showing as expected that an increase in 

price of each milk category leads to a decrease in their demand. Interestingly, the 

uncompensated own-price elasticities, in order of decreasing elasticity, have been 

estimated to -1.127, -1.043, -0.722 and -0.661, for whole, skim, semi-skim, and 

enriched milk, respectively (see Table 4b). These results are surprising as they show 

that in the case of milk, the demand for enriched and semi-skim milk in Spain are 

relatively inelastic compared to skim and whole milk. In fact, demand for whole and 

skim milk is relatively elastic. Interestingly, in the case of milk, the most insensitive 

to price changes is the demand for enriched milk and the most sensitive the demand 

for whole milk. These results contradict with the OPE obtained in the case of yogurt. 

Similar to the yogurt however, whole fat milk demand was more price elastic than 

both skim and semi-skim milk. 

 

Furthermore, of the 12 cross-price elasticities, approximately 5 are statistically 

significant, 2 of which are positive in sign. Results show, for example, that a 1% 

increase in the price of semi-skim milk results in a 0.66% decrease in the demand for 

functional milk, indicating a complementary relationship. On the other hand a 1% 

increase in the price of whole milk, would result in a 0.45% increase in the demand 

for semi-skim milk.  

 
Table 4b: Uncompensated (Marshallian) Price Elasticities; Milk 

Column j 
Row i 

Enriched Semi-skim Skim Whole 

Enriched -0.6608** -0.6584*** -0.2889° -0.5052* 
 (0.2772) (0.2487) (0.1788) (0.2343) 
Semi-skim -0.2243 -0.7221*** 0.1782 0.4520*** 
 (0.1624) (0.2253) (0.1140) (0.1495) 
Skim -0.0118 0.0827 -1.0432*** 0.1685 
 (0.1148) (0.1510) (0.1425) (0.1498) 
Whole -0.0904 0.2883° 0.1385 -1.1267*** 
 (0.1337) (0.1552) (0.1101) (0.1987) 

* = significant at 5% level, ** = at 2% level, *** = at 1% level, ° = at 15% level. Source: own calculations. 
 

These results show that functional milk demand is least sensitive to price changes 

compared to all non-functional milk varieties of any fat-content level. These results 

coincide with those found in the case of yogurt and other previous studies, where 
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whole fat yogurt demand was shown to be more elastic than low-fat (Dhar and Foltz, 

2004). Interestingly, however, OPE estimates contradict with the previous finding that 

functional yogurt was most sensitive to price changes. Nevertheless, as mentioned 

above, previous studies have shown that drinkable functional yogurt had lower OPE 

(more inelastic) than conventional drinkable yogurt (Di Giacomo, 2008). 

Compensated price elasticities of yogurt 

 
Table 5a: Compensated (Hicksian) Price Elasticities; Yogurt 

Column j 
Row i 

Drinkable Enriched Low-fat Whole-fat 

Drinkable -0.2995*** 
(0.0421) 

0.1074*** 
(0.0336) 

0.0768*** 
(0.0288) 

0.1151*** 
(0.0319) 

Enriched 0.1457*** 
(0.0456) 

-0.4421*** 
(0.0674) 

0.0602° 
(0.0462)  

0.2360*** 
(0.0477) 

Low-fat 0.1554*** 
(0.0595)  

0.0893 
(0.0704) 

-0.4531*** 
(0.0849) 

0.2083*** 
(0.0639) 

Whole-fat 0.1507*** 
(0.0410) 

0.2240*** 
(0.0451) 

0.1251*** 
(0.0397)  

-0.4992*** 
(0.0397)  

*** = at 1% level, °= at 20% level. Source: own calculations. 

 

In terms of compensated (Hicksian) own-price elasticities, all were found to be 

negative and significant at the 1% level in the case of yogurt demand. Compensated 

(Hicksian) OPE estimates in order of decreasing elasticity are -0.499, -0.453, -0.442 

and -0.299 for whole-fat, low-fat, enriched and drinkable yogurt, respectively (see 

Table 5a). As expected, the compensated OPE are smaller in value compared to 

uncompensated Marshallian OPE, indicating that the income effect on own quantity 

demand is significant (Hicksian demand implies that the consumer should have same 

utility before and after any price increase and that the consumer gets “compensated” 

for the price increase with a rise in income). Furthermore, nearly all, 10 of the 12, 

cross-price elasticities are significant at the 1% level. All significant CPE are positive 

indicating that the yogurt products of each category are substitute goods. For example, 

a percentage increase in the price of low-fat yogurt leads to a 0.13% increase in the 

demand for whole-fat yogurt.  

 

Interestingly, these results imply that drinkable (including functional drinkable), and 

enriched nondrinkable yogurt products are comparably more inelastic and therefore 

less sensitive to price changes, contradicting with uncompensated OPE results. 

Similar to previous calculations, however, whole fat yogurt demand is again more 
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elastic than low-fat and enriched yogurt demand is more elastic than drinkable yogurt 

demand. These results do not coincide with Davis et al. (2010), who calculated 

compensated OPE of -0.159 and -0.605, and therefore greater inelasticity, of demand 

for conventional refrigerated than drinkable yogurt, respectively. However, most 

studies analyzing milk demand have found that low- or reduced-fat milk are less 

elastic than whole-fat variants of milk. For example, Boehm (1975) showed that own-

price elasticities of whole and 1% milk were -1.7 and -0.83, respectively (Boehm, 

1975). Gould (1996) also estimated own-price elasticities of -0.803, -0.593, -0.512 for 

whole milk, 1%/skim and 2% milk, respectively, indicating a greater elasticity for 

whole fat variants than low-fat. Furthermore, Schmit et al. 2002 identified 

unconditional elasticities of -2.317, -1.489 and -0.624 for whole-fat, skim, and low-fat 

milk, respectively (Schmit et al., 2002). Finally, these findings coincide with the OPE 

estimates calculated in the case of milk demand. 

Compensated price elasticities of milk 

 

In the case of milk, all but one of the compensated (Hicksian) own-price elasticities 

are negative and significant at the 1% level. Compensated OPE estimates in order of 

decreasing elasticity are -0.927, -0.860, and -0.637 for whole, skim, and semi-skim 

milk, respectively (see Table 5b). These results again indicate a comparably greater 

sensitivity to price changes in the case of whole and skim milk compared to the 

relatively inelastic demand of semi-skim milk. Again, compensated OPE estimates are 

smaller in value compared to uncompensated Marshallian OPE, indicating that the 

income effect on demand is significant. Furthermore, nearly 8 of the 12 cross-price 

elasticities are significant and positive, revealing substitutability between semi-skim, 

skim and whole milk. As above, these results coincide with those found in the case of 

yogurt and most previous studies with milk, which have shown that whole fat milk 

demand is more elastic than low fat (Boehm, 1975; Gould, 1996). Although 

insignificant, demand for functional/enriched milk appears most inelastic.  
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Table 5b: Compensated (Hicksian) Price Elasticities; Milk 
Column j 

Row i 
Enriched Semi-skim Skim Whole 

Enriched -0.1292 -0.0940 0.1912° 0.0270 
 (0.3233) (0.2078) (0.1508) (0.1936) 
Semi-skim -0.1439° -0.6367*** 0.2509*** 0.5325*** 
 (0.1977) (0.1771) (0.0973) (0.1180) 
Skim 0.1911 0.2981*** -0.8600*** 0.3716*** 
 (0.1577) (0.1016) (0.1061) (0.0994) 
Whole 0.1093 0.5003*** 0.3188*** -0.9268*** 
 (0.1743) (0.1104) (0.0823) (0.1511) 

*** = at 1% level, ° = at 30% level. Source: own calculations. 

Summary and conclusions  

 

The objective of this study was to estimate the own-price, cross-price and expenditure 

elasticities of conventional whole fat and low fat yogurt and milk demand as well as 

nutritionally enriched nondrinkable yogurt and drinkable yogurt and functional milk, 

in order to determine the possible difference in consumer sensitivity to price changes 

between the various categories. Analyzing the demand for both yogurt and milk To 

allowed various comparisons to be made between the two products. Using yogurt and 

milk as examples, price and expenditure elasticities could be used to help determine 

the potential profitability of innovative food products.  

 

Since a company’s total revenue is dependent on price and quantity demanded, the 

OPE is useful in determining how the revenue of a company will be affected by price 

changes. In general, a change in price will have two effects on company revenue. The 

price effect foresees that an increase in unit price will increase revenue in the case of 

inelastic goods and decrease revenue in the case of elastic goods and vice versa. 

Simultaneously, the quantity effect takes place in which the increase in unit price will 

tend to decrease the number of units sold. To determine whether to increase or 

decrease prices, firms need to know the net effect of a price change on quantity, or the 

price elasticity of demand. Once known, the percentage change in total revenue can 

be estimated given changes in price. The relationship between the OPE and total 

revenue can be summarized in the following way. With perfectly inelastic goods, a 

change in price would not affect quantity, implying that an increase in price would 

always increase revenue. With relatively inelastic goods, the increase in revenue 

would be comparably smaller. In the case of unitary elastic goods a price change 

would have no effect on total revenue. And finally, relative elasticity implies a 



 67 

decrease in total revenue, and an increase in price of perfectly elastic goods would 

result in a decrease of total revenue to zero.  

 

Results of this analysis reveal uncompensated own-price elasticities of -0.712, -0.701, 

-0.673 and -0.608 and compensated own-price elasticities of -0.442, -0.499, -0.299, -

0.453 for enriched, whole-fat, drinkable and low-fat yogurt, respectively. The study 

reveals therefore that yogurt demand in general in Madrid and Barcelona is inelastic. 

Furthermore, uncompensated price elasticities suggest that enriched yogurt products 

are most sensitive to price changes compared to whole-fat and drinkable, with low-fat, 

which is most inelastic. In addition, compensated price elasticities suggest that 

drinkable (including functional drinkable) and enriched nondrinkable yogurt products 

are slightly more inelastic and therefore less sensitive to price changes. In both cases, 

whole fat yogurt demand is more elastic than low-fat and enriched yogurt demand is 

more elastic than drinkable yogurt demand. In the case of milk, uncompensated OPE 

were -1.127, -1.043, -0.722, -0.661 and compensated OPE -0.927, -0.860, -0.637, -

0.129 (insignificant), for whole, skim, semi-skim, and enriched milk, respectively. 

Interestingly, milk products therefore show most inelastic demand for enriched milk 

and highest price sensitivity of whole-fat in the case of both uncompensated and 

compensated OPE. Both yogurt and milk demand however is comparable in terms of 

fat content, where low-fat dairy demand always appears to be more inelastic than 

whole-fat. 

 

Furthermore, this study found significant expenditure elasticities of 1.12, 1.10, 0.96 

and 0.77 for drinkable, enriched, low fat, and whole fat non-drinkable yogurt, 

respectively and 2.11, 0.80 and 0.79 for enriched, skim and whole milk, respectively. 

This suggests that an increase in yogurt expenditure results in a slightly greater 

increase in the expenditure on both drinkable and enriched non-drinkable yogurt 

compared to low-fat and whole-fat, classifying drinkable and enriched yogurt 

products as luxury goods and low-fat and whole-fat as necessity goods. Similarly, 

with high expenditure elasticities, enriched milk can be classified as a luxury category 

and skim and whole fat milk as necessary goods. 

 

And finally, in terms of demographics, although gender only has a significant 

influence on whole-fat yogurt consumption at 5%, age plays a more significant role. 
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In fact, an increase in age has a positive and significant impact on the demand for  

drinkable yogurt and a negative impact on low-fat yogurt. Contrarily, in the case of 

milk, age does not show a significant effect on demand, however, with significance at 

a nearly 10% level, an increase in age appears to interestingly decrease the demand 

for enriched milk products. Furthermore, in terms of gender, females have an 

increased demand for semi-skim milk. 

 

The results indicate that although all categories of yogurt are relatively inelastic in 

demand, drinkable and enriched nondrinkable yogurt demands (compensated) are 

comparably more inelastic, implying that the decrease in the quantities of enriched 

and nondrinkable yogurt demanded due to an increase in prices is relatively small. For 

yogurt manufacturers, this implies that increases in price of these two categories 

would lead to increase in revenue. Furthermore, lowfat varieties of yogurt are more 

price inelastic than wholefat, and the substitutability between lowfat and all other 

yogurt categories is relatively low indicating that an increase in prices would not only 

have a minor effect on quantity demanded but also would not result in a substantial 

substitution by consumers towards other categories.  

 

In the case of milk, again, enriched milk products appear to be most price inelastic 

than other categories and lowfat (skim) milk demand less price sensitive than 

wholefat. Contrarily, however, uncompensated OPE indicate that both whole and 

skim milk demands are relatively price elastic compared to the same categories of 

yogurt, with values above unity. Results show that price increases within these two 

types of milk leads to a comparably larger decrease in quantity demanded, revealing 

interesting variation in the consumer demand for yogurt and milk products in Spain. 

Also, with larger CPE, the substitutability among the skim, semi-skim and whole milk 

categories is comparably greater than in the case of yogurt. The higher degree of 

substitutability furthermore suggests that higher prices of a given category would 

decrease the quantities demanded within the category significantly. Thus, these results 

suggest that an increase in price could lead to a potential decrease in revenue for milk 

producers. Contrarily, functional milk demand is relatively inelastic and the degree of 

substitutability comparably low, indicating that production of innovative milk 

products may indeed be profitable for milk producers. 
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As a result, this study reveals that investing into the development of both functional 

and lowfat yogurt varieties may be profitable for yogurt manufacturers. In terms of 

milk, however, only functional milk varieties offer potentially comparably higher 

returns on investment. Retailers can use the information in this study to build 

promotional strategies that may increase the sales volume of respective yogurt and 

milk products. Furthermore, as an increase in age increases the demand for drinkable 

and decreases demand for low-fat yogurt, manufacturers and retailers could 

potentially increase consumer demand of these products by specific and targeted 

advertising for the various age groups. In the case of milk, increasing age appears to 

decrease demand for enriched milk. This suggests that Spanish consumers above a 

certain age range may be more skeptical towards functional milk products. Therefore, 

improving the communication of potential health claims and increasing producer-

consumer trust may be an important consideration to take into account in Spain.  

Future Considerations  

Dataset limitations 

 

The dataset provided for this analysis was retail scanner data from one Spanish 

discount supermarket chain from a 4-month period. For this relatively short time-

period the expenditures were aggregated and the expenditure-weighted average prices 

calculated yielding average yogurt and milk unit prices and expenditures per 

consumer for the 1329 yogurt and 307 milk consumers used in the final demand 

estimation. In general, it would be useful to include purchasing information from 

other supermarket chains in the analysis to get a more comprehensive look at both 

yogurt and milk demand and ultimately demand for innovative products of Spanish 

consumers.  

Seasonality  

 

Furthermore, including daily observations over a larger period of time, such as one or 

more years, would not only increase the number of consumers, the number of 

purchases per consumer, and the probability that consumers purchase the goods in 

question, reducing the issue of zero-consumption, but would also likely increase price 
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variability and allow one to analyze possible seasonal effects associated with 

purchasing behavior. Thompson and Wilson (1999), for example, found seasonal or 

weather-related effects on the demand for bag salad, using 26-month scanner data 

(Thompson, Wilson, 1999). Numerous additional studies have included seasonal 

dummy variables to analyze the effect of seasons on consumption behavior including 

Huang (2000) and Dhar and Foltz (2004). If seasonal trends can be determined, 

distributors could manage their supplies more efficiently. Often with data spanning 

over longer periods of time, possible habit formations should be considered. Molina 

1994 for example included a time trend and lagged endogenous variables (wit-1) in 2 

dynamic versions of the AIDS model (Molina, 1994). Bianciforti and Green (1983) 

cautioned, however, about autocorrelation due to lagged dependent variables. In this 

case with only 4-months, it was not considered necessary to take habit formation, 

seasonality, or weather-induced demand changes into consideration as the period 

spanned from July to October and thus only one annual season. However, if more data 

were available such variables could be included. 

Category choice 

 

Estimates obtained for price and expenditure elasticities depend on the model 

specified and particularly on how the categories analyzed are defined (Taniguchi and 

Chern, 2000). Since the model disaggregates the yogurt and milk into four categories, 

product substitutions in response to price changes are permitted. Although the level of 

aggregation chosen for demand analysis will alter the resulting elasticity estimates, 

disaggregating products into more categories better reflects the actual market and 

therefore purchasing behavior of consumers. Previous studies such as the yogurt 

demand analysis by Bonanno (2010) sub-classified yogurts by brand, flavor, fat 

content, functionality, finding that functional yogurt demand in Italy was in general 

less elastic than conventional. With a larger dataset spanning over several years for 

example, future analysis of yogurt demand disaggregated into 6 categories including 

enriched, drinkable, and conventional (each at whole and low-fat) could provide more 

accurate measures of elasticities and ultimately demand not only of the various forms 

of innovation but taking into account varying levels of fat content in each category. 

As in the study conducted by Bonanno (2010), these could furthermore then be 

analyzed at brand-level.  



 71 

Conditional versus unconditional elasticities 

 

Finally, the estimation method applied here assumes multi-stage household budgeting 

in which yogurt and milk expenditure are weakly separable from other purchases. 

This assumption is reasonable, as there is no immediate close substitute for yogurt or 

milk. Taking only total yogurt and milk expenditures into account as a separate 

budgeting step as opposed to total household living expenditures ignores the prior 

stages of budget allocation neglecting possible relationships with other goods. Often 

however, changes in one category of yogurt or milk, will not only affect the demand 

for each type of yogurt/milk, but also expenditure for yogurt/milk and other groups in 

previous budgeting steps. To take the total effect of price changes on yogurt and milk 

demand into account, both indirect and direct effects will give the true effect of price 

changes on demand and therefore should be considered. Elasticity estimates vary 

when taking total expenditure into account and when not. Studies have shown, for 

example, that expenditure elasticities for milk and eggs vary (1.0358 and 0.9115) 

when calculating elasticities with respect to total food expenditure or with respect to 

total household expenditure (Molina, 1994). Furthermore Liu and Chern (2003) 

showed that conditional expenditure elasticities of fresh milk, that is, with respect to 

expenditure on all the 18 food items in question in the demand system, was 1.585 

(1.239 for yogurt) compared to unconditional expenditure elasticities of 1.559 (1.218 

for yogurt) with respect to total food expenditure and 1.025 (0.801 for yogurt) with 

respect to total living expenditure (Liu and Chern, 2003). Furthermore, 

uncompensated and compensated price elasticity estimates vary if conditional or 

unconditional (Liu and Chern, 2003). For example, Taniguchi (2000) found 

unconditional and conditional price elasticities of -0.05 and -0.13, respectively using 

the AIDS model (Taniguchi and Chern, 2000). Furthermore, including total household 

expenditures into the model can significantly alter the CPE between the various 

categories. To get a more comprehensive understanding of household purchasing 

decisions and demand, it would be useful therefore to take total expenditure into 

account in future analyses. 
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Additional demographics and demand shifters 

Household size and composition 

 

Often throughout the literature demographics and other non-price determinants 

besides gender and age of the household head are included in the demand model, 

including most prevalently the size of the household, the presence, number and ages 

of children, ethnicity and education level (Davis et al., 2009). The dataset provided 

did not include any of this specific information about the household. This information 

could however be very useful in the analysis to determine possible effects on 

innovative food demand. In fact, previous studies have shown that household size and 

education level have a significant impact on the demand for milk and yogurt (Liu and 

Chern, 2003), in that an increase in household size, for example, leads to increased 

demand of yogurt and milk. Gould (1996) also showed that ethnicity, household size 

and education had significant impacts on fluid milk demand (Gould, 1996). 

Furthermore Davis (2010) found that household size had a positive influence on milk 

demand (Davis et al., 2010). In addition, in several studies, the presence and age 

range of children has been shown to increase household expenditure on dairy 

products. Interestingly, Huang et al. (2000) found household size had a negative effect 

on demand and yet that households with children aged 2-5 tended to spend more of 

their food budgets on dairy products (Huang, 2000). Furthermore, Gould et al. (1990) 

found that having a child up the 13 years of age and nonwhite had a significant and 

positive effect on whole milk purchases (Gould et al., 1990). Also, Gould and Dong 

(2004) found that having children had a positive effect on dairy consumption, 

increasing total expenditure on dairy products (Gould and Dong, 2004). Schmit et al. 

(2002) furthermore found that having children under age of 6 in the household had 

significantly positive effects on fluid milk demand (Schmit et al., 2002). And finally, 

Dhar and Foltz (2004) showed that large families with children had higher 

expenditure on conventional milk whereas small families with no children spent more 

on soymilk (Dhar and Foltz, 2004).  

 

In terms of yogurt and milk, such demographics therefore likely also have a 

significant effect on Spanish consumer demand. Since especially yogurt is offered in 

various forms specifically marketed as beneficial for children’s’ growth, it is likely 
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that the number and age of children will affect yogurt consumption in Spain. Davis et 

al. (2012) found that whole milk purchases were positively influenced by the presence 

of young children under 12 and females with high school degrees, 1% milk purchases 

were positively influenced by white race, young children, and female head of 

households with college degrees, 2% milk was positively influenced by young 

children white and/or female household heads with college or high school degrees, 

skim milk by white or Asian household heads, the presence of males or females over 

65 years, females households with college degrees, and flavored by eastern U.S 

residence, white race (Davis et al., 2010). The author concludes that children’s age 

has a high impact, indicating that the marketing strategies showing benefits for 

drinking milk appear to be effective (Davis et al., 2010). This brings me to the issue 

of labeling.  

Labeling and advertising 

 

The potential health benefits of the yogurts (and milk) analyzed in this study were all 

clearly labeled. Informing consumers of the potential health benefits either through 

direct labeling or advertising has been shown to effect consumption behavior strongly. 

Expenditure and price elasticities varied greatly, for example, between rBST-free and 

organic milk compared to unlabeled milk (Dhar and Foltz, 2003). As mentioned 

above, knowledge of potential health benefits together with consumer education have 

been shown to have a significant impact on dairy demand (Liu and Chern, 2003; 

Davis et al., 2010). Various studies have been made to analyze the effect of 

advertising on consumer demand, by including advertising variables via demographic 

translation or scaling into an AIDS model. Capps 1997, for example, found a positive 

effect of own-advertising and a negative effect of cross-advertising on the demand of 

6 brands of spaghetti sauce (Capps, 1997). Furthermore, Edwards (1992) showed that 

the demand for seafood compared to meat had increased substantially after the health 

benefits of omega-3 fatty acids were advertised in the 1950s (Edwards, 1992). 

Together, these suggest that labeling, advertising, and education level of consumers 

might be interesting to consider in future studies.  
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Region and income 

 

To determine whether there are possible differences in the purchasing behavior of low 

and high-income consumers, household annual income is frequently taken into 

consideration in demand analyses. This information can be useful, for example, to 

specifically market or promote certain products in specific low or high-income 

regions. Studies have shown that household income had a significant and positive 

impact on fluid milk demand or food demand in general (Schmit et al. 2002; Gould, 

1996; Liu and Chern, 2003). Davis et al. (2010) found that whole and 2%-milk 

purchases were positively influenced if households had low annual incomes, whereas 

skim and flavored milk purchases were positively impacted if households had higher 

incomes (Davis et al., 2010). Furthermore, Jones et al. (2003) found variations in 

price and expenditure elasticities of low and high income consumers of 7 different 

food categories, revealing for example inelastic milk demand, with -0.593, -0.596, -

0.537, and -0.595 own price elasticities and 0.608, 0.695, 0.837, and 0.651 

expenditure elasticities for whole, 2%, low-fat and skim milk, respectively for high-

income consumers and -0.670, -0.742, -2.281, and -0.402 price and 0.558, 0.559, 

1.025 and 0.504 expenditure elasticities for low-income consumers, indicating that 

low-income consumers were more sensitive to price changes (Jones et al., 2003). 

Similarly, Regorsek found that low-income households react stronger to price 

increases of dairy products in Slovenia (Regorsek et al., 2006). Finally, Chern 2003 

found larger expenditure elasticities in low-income households and more inelastic 

milk demand for low-income households (Chern et al., 2003). 

 

No household income information was provided in the dataset used in this analysis, 

however the locations of the 17 stores as well as the postal codes of the consumer 

residences were provided. Residence location can often give reference to possible 

income. Perhaps in a future study the location of residence of the consumers can be 

incorporated into the analysis, or perhaps consumer income can somehow be 

determined. Similarly, the proximity of the stores to the consumer could be included, 

as the distance between the residence and store location could influence purchasing 

patterns. Finally, one could include regional dummy variables for the stores in Madrid 

or Barcelona, for example, to account for possible difference in consumer behavior in 

the two cities. In terms of expenditure, for example, consumers in Madrid appear to 
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have spent more on each category of yogurt, with a largest variation in expenditure in 

the case of drinkable yogurt (see Figure 13). 

Figure 13: Yogurt sales share in Madrid and Barcelona and total expenditures per yogurt category.
Source: own calculations.

Besides permitting a certain inference on possible consumer income, differences in 

regions also include differences in advertising or product promotion strategies. For 

this reason perhaps including the percentage of volume sold during promotional 

periods as a variable would be interesting. Similarly, the location and size of the store 

imply varying numbers of consumers per day. Taking this into account might capture 

the possible effect of store traffic on yogurt and milk purchases. In fact, many studies 

include regional effects in their analyses. Davis et al. (2010) found significant impact 

of region on milk demand, for example, showing that skim and flavored milk demand

positively related to eastern residence in the U.S and nearly all milk demand was 

positively affected by residence in central regions (likely due to increased dairy 

production in central areas).

In summary, while this analysis provides valuable information regarding yogurt, milk, 

and ultimately demand for innovative dairy products, a lot of further research can be 

done to get a more comprehensive overview of innovative food demand in Spain.

Conclusion

This study is one of first studies using retail scanner data of a major supermarket

chain in Madrid and Barcelona to analyze demand of innovative food products in 

Spain, using yogurt and milk as examples. Furthermore, using a QUAIDS model with 
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and without incorporation of demographic variables to estimate expenditure and price 

elasticities, it is among the first to analyze the effect of consumer age and gender on 

various innovative dairy categories including whole-fat, low-fat, enriched, and 

drinkable yogurt as well as whole, semi-skim, skim and enriched milk in these two 

cities in Spain.  

 

The main interest of this research was to measure the elasticity and thus potential 

profitability of various specific innovative yogurt and milk products, as an example, 

to get an understanding of the consumer acceptance of functional (and ultimately) 

innovative food products in Spain. Results indicate that demand for both drinkable, 

nutritionally enriched yogurt and milk are relatively inelastic, showing that food 

innovation is generally well-accepted among Spanish consumers, contrary to the prior 

studies, which suggest southern European countries to be more skeptical towards 

functional food. Furthermore, low fat varieties appear to be less sensitive to price 

changes than wholefat in the case of both milk and yogurt products. Finally, 

interesting variation in consumer demand was identified, specifically in terms of 

whole and lowfat varieties, in that whole and skim milk demand is relatively price 

elastic compared to inelastic demand in the case of yogurt. The study suggests 

therefore that innovation in the food industry in Spain has potential to be profitable, 

but reveals differences between the two dairy products analyzed. 

 

Innovation in the food and drink industry has revolutionized not only how we eat but 

also what we eat. Possibly the most interesting developments in terms of novel food 

production over the last decades has been relatively focused in only few countries 

including the United States, Japan and Europe. Currently, the most innovative sectors 

of the food industry is the dairy sector, with a comparatively much larger rate of new 

product development than any other sector. This study unveils the importance and 

value of consumer demand research using revealed preferences to help understand the 

potential market success of innovative products. Contrary to early belief, this study 

suggests that consumer acceptance of food innovation, at least in terms of dairy 

products, is actually relatively high in southern Europe.  

 

With the ever-growing world population and expected increase in urbanization, the 

future of how and what we eat is likely to change radically. Currently, functional food 
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offers only one possible development, providing a new way for consumers to alleviate 

health problems through their diet. However, in the food and drink industry, 

specifically, further innovation will be crucial to allow the industry to adapt to the 

changing needs of the world. 
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Appendix A – Tables and Figures

Figures A1-13: Purchases made in various of food products, indicating the percentage of purchasing 
observations for various sub-categories, in the 17 stores (in Madrid and Barcelona) combined. Source: 
own calculations.
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Table A1: Total Sales Revenue by Section 
Section Total Sales Revenue
Refrigerated Goods (Yogurt, etc) 2,257,619.25 !
Sweet Foods (incl Milk etc) 2,000,019.63 !
Savory Foods 1,647,430.88 !
Liquids 1,550,462.59 !
Fruits, Vegetables 959,395.46 !
Frozen Goods 697,056.72 !
Household Cleaning 553,670.85 !
Perishable Goods (Bread,etc) 413,376.05 !
Hygiene/Paper 383,476.88 !
Poultry/Game 362,936.47 !
Other 848,735.83 !
Total 11,674,180.61 !

Source: adapted from Cataño, 2013.

Figure A14: Types of goods classified according to own-price, income and cross-price elasticities.
Source: own graphical depiction.
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Appendix B  - STATA Results 
 
Table B1: Yogurt consumption data description 
Variable Mean Standard Deviation Minimum Maximum 
PriceDrinkable  0.322 0.149 0.058 0.632 
PriceEnriched 0.251 0.096 0.041 0.604 
PriceLow-fat 0.198 0.906 0.041 0.470 
PriceWhole-fat 0.223 0.104 0.049 0.625 
Total ExpenditureYogurt 145.916 263.195 3.310 3500.840 
Budget shareDrinkable 0.334 0.271 0.001 0.991 
Budget shareEnriched 0.245 0.246 0.0003 0.975 
Budget shareLow-fat 0.161 0.204 0.0003 0.884 
Budget shareWhole-fat 0.260 0.255 0.0005 0.987 
Age 53 15.997 18 95 
 
Table B1: Descriptive statistics using STATA, where Price represents the average weighted prices per 
100 grams of drinkable, enriched, low-fat and whole-fat yogurt respectively. Source: own results. 
 
 
Table B2: Milk consumption data description 
Variable Mean Standard Deviation Minimum Maximum 
PriceEnriched  1.044 0.253 0.600 1.390 
PriceSemi-skim 0.796 0.355 0.480 3.292 
PriceSkim 0.926 0.657 0.440 2.783 
PriceWhole 0.793 0.301 0.461 1.708 
Total ExpenditureMilk 43.278 34.869 5.270 241.200 
Budget shareEnriched 0.252 0.211 0.011 0.869 
Budget shareSemi-skim 0.268 0.198 0.004 0.834 
Budget shareSkim 0.228 0.186 0.007 0.955 
Budget shareWhole 0.252 0.191 0.008 0.876 
Age 52 16.461 19 92 
 
Table B2: Descriptive statistics using STATA, where Price represents the price per liter of enriched, 
semi-skim, skim, and whole-fat milk respectively. Source: own results. 
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Table B3: Parameter estimates obtained from the QUAIDS model nlsur estimation using STATA. 
Source: own estimation results. 
 
 
 
 
 
 
 
 
 

r4  -.10756068   .03409501   .00056612  -.70052158
r3  -.16609459  -.14712805  -.60816039  -.04229964
r2  -.22158348  -.71223818   -.1169694  -.05030122
r1   -.6730383  -.16729448  -.10339068  -.17607341
            c1          c2          c3          c4
r(uncompelas)[4,4]

. matrix list r(uncompelas)

. estat uncompensated, atmeans

r4   .15066458   .22404428   .12511292  -.49920635
r3   .15536275   .08933442   -.4531156     .208312
r2   .14566545  -.44209164   .06016152   .23601004
r1  -.29954487   .10744548   .07675208   .11510614
            c1          c2          c3          c4
r(compelas)[4,4]

. matrix list r(compelas)

. estat compensated, atmeans

r1  1.1195557  1.1008377  .96357624  .77403656
           c1         c2         c3         c4
r(expelas)[1,4]

. matrix list r(expelas)

. estat expenditure, atmeans

                                                                               
  rho_dgender     34.00427   24.33573     1.40   0.162    -13.69289    81.70143
      rho_age     .0638596   .0552027     1.16   0.247    -.0443356    .1720549
rho            
                                                                               
eta_dgender_4    -.0532581   .0287213    -1.85   0.064    -.1095507    .0030346
eta_dgender_3     .0057356    .016944     0.34   0.735     -.027474    .0389451
eta_dgender_2     .0274349   .0212429     1.29   0.197    -.0142005    .0690703
eta_dgender_1     .0200876   .0271435     0.74   0.459    -.0331128    .0732879
    eta_age_4     .0003139   .0002655     1.18   0.237    -.0002065    .0008344
    eta_age_3    -.0004961   .0002316    -2.14   0.032      -.00095   -.0000423
    eta_age_2    -.0003453   .0002621    -1.32   0.188    -.0008591    .0001685
    eta_age_1     .0005275   .0002975     1.77   0.076    -.0000556    .0011107
eta            
                                                                               
     lambda_4    -.0103116    .003819    -2.70   0.007    -.0177968   -.0028264
     lambda_3     .0011032    .003079     0.36   0.720    -.0049316     .007138
     lambda_2     .0040253   .0036831     1.09   0.274    -.0031934    .0112441
     lambda_1     .0051831   .0039958     1.30   0.195    -.0026484    .0130147
lambda         
                                                                               
    gamma_4_4     .0632867   .0147299     4.30   0.000     .0344166    .0921568
    gamma_4_3    -.0083984    .010274    -0.82   0.414    -.0285351    .0117384
    gamma_3_3      .062096   .0136652     4.54   0.000     .0353127    .0888793
    gamma_4_2     -.006175   .0116985    -0.53   0.598    -.0291036    .0167536
    gamma_3_2    -.0250912   .0113272    -2.22   0.027    -.0472921   -.0028902
    gamma_2_2     .0769386   .0165391     4.65   0.000     .0445225    .1093546
    gamma_4_1    -.0487134   .0106129    -4.59   0.000    -.0695142   -.0279125
    gamma_3_1    -.0286064   .0095738    -2.99   0.003    -.0473708   -.0098421
    gamma_2_1    -.0456724   .0111724    -4.09   0.000    -.0675699    -.023775
    gamma_1_1     .1229922   .0140367     8.76   0.000     .0954809    .1505036
gamma          
                                                                               
       beta_4     .0122159   .0217356     0.56   0.574    -.0303851     .054817
       beta_3     .0114868    .014902     0.77   0.441    -.0177207    .0406942
       beta_2     .0036222   .0191896     0.19   0.850    -.0339887     .041233
       beta_1    -.0273249    .019968    -1.37   0.171    -.0664614    .0118116
beta           
                                                                               
      alpha_4      .276293   .0167678    16.48   0.000     .2434287    .3091573
      alpha_3     .1742894   .0098394    17.71   0.000     .1550045    .1935743
      alpha_2     .2513213   .0121988    20.60   0.000     .2274122    .2752304
      alpha_1     .2980963   .0150262    19.84   0.000     .2686455    .3275471
alpha          
                                                                               
                     Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                               

Log-likelihood         =  424.46103
Alpha_0                =          3
Number of demographics =          2
Number of obs          =       1329
                    
Quadratic AIDS model

FGNLS iteration 4...
FGNLS iteration 3...
FGNLS iteration 2...
Calculating FGNLS estimates...
Calculating NLS estimates...
(obs = 1329)
. quaids w1-w4, prices(p1-p4) expenditure(expyt) anot(3) demographics(age dgender) nolog
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Table B4: Parameter estimates obtained from the QUAIDS estimation using STATA. Source: own 
estimation results. 
 
Table B5: Wald test for λ  and β  parameter estimates (Yogurt) 
H0: λ i = 0  H0: λ i = β i = 0  
chi2(3)  8.32 chi2(6)  9.39 
Prob > chi2 0.0399 Prob > chi2 0.1530 
Tables B5: Wald test results for λ and joint significance of  λ and β parameter estimates, using the 
STATA test command. Source: own results. 
 
Table B6: Wald test for λ  and β  parameter estimates (Milk) 
H0: λ i = 0  H0: λ i = β i = 0  
chi2(3)  16.50 chi2(6)  23.52 
Prob > chi2 0.0009 Prob > chi2 0.0006 
Tables B6: Wald test results for λ and β parameter estimates, using the STATA test command. Source: 
own results. 

r4   .10925347   .50027452   .31878706  -.92683519
r3   .19107318   .29809145  -.86003605   .37162945
r2  -.14386269  -.63674472   .25087415   .53246749
r1  -.12919154  -.09400655   .19116629   .02696269
            c1          c2          c3          c4
r(compelas)[4,4]

. matrix list r(compelas)

. estat compensated, atmeans

. 

r4  -.09037038   .28832963   .13851111  -1.1266895
r3  -.01177792   .08272012  -1.0432265   .16854416
r2  -.22428512  -.72213093   .17824641   .45195221
r1  -.66076062  -.65838475  -.28888215  -.50522007
            c1          c2          c3          c4
r(uncompelas)[4,4]

. matrix list r(uncompelas)

. estat uncompensated, atmeans

. estat uncompensated, atmeans

r(198);
option stderrs not allowed
. estat exp, atmeans stderrs
. 
. 

r(198);
option stderrs not allowed
. estat expenditure, atmeans stderrs

r1  2.1081785  .31895166  .80449812    .791699
           c1         c2         c3         c4
r(expelas)[1,4]

. matrix list r(expelas)

. estat expenditure, atmeans

                                                                               
  rho_dgender     99.97764          .        .       .            .           .
      rho_age     1.244489   1.152838     1.08   0.280    -1.015031     3.50401
rho            
                                                                               
eta_dgender_4    -.0057229     .00547    -1.05   0.295    -.0164439    .0049981
eta_dgender_3    -.0017181   .0047555    -0.36   0.718    -.0110388    .0076026
eta_dgender_2     .0141794   .0071789     1.98   0.048      .000109    .0282497
eta_dgender_1    -.0067384   .0059515    -1.13   0.258     -.018403    .0049263
    eta_age_4     .0000284   .0001037     0.27   0.784    -.0001747    .0002316
    eta_age_3      .000061   .0001005     0.61   0.544     -.000136    .0002581
    eta_age_2     .0000776   .0001045     0.74   0.458    -.0001273    .0002824
    eta_age_1     -.000167   .0001106    -1.51   0.131    -.0003838    .0000497
eta            
                                                                               
     lambda_4    -.0091449   .0082093    -1.11   0.265    -.0252349     .006945
     lambda_3    -.0042254    .007491    -0.56   0.573    -.0189074    .0104566
     lambda_2    -.0179186   .0080064    -2.24   0.025    -.0336107   -.0022264
     lambda_1     .0312889   .0079353     3.94   0.000     .0157359    .0468418
lambda         
                                                                               
    gamma_4_4    -.0352545    .061411    -0.57   0.566    -.1556178    .0851088
    gamma_4_3     .0349991   .0329357     1.06   0.288    -.0295538     .099552
    gamma_3_3     -.010258   .0431239    -0.24   0.812    -.0947792    .0742632
    gamma_4_2      .107256   .0800265     1.34   0.180     -.049593     .264105
    gamma_3_2     .0460958   .0708206     0.65   0.515      -.09271    .1849017
    gamma_2_2     .1863675   .1666284     1.12   0.263    -.1402182    .5129531
    gamma_4_1    -.1070006    .142528    -0.75   0.453    -.3863504    .1723492
    gamma_3_1    -.0708369   .1237013    -0.57   0.567    -.3132871    .1716132
    gamma_2_1    -.3397193   .1915141    -1.77   0.076    -.7150801    .0356415
    gamma_1_1     .5175568   .2887985     1.79   0.073    -.0484779    1.083592
gamma          
                                                                               
       beta_4    -.0759788   .0987116    -0.77   0.441      -.26945    .1174925
       beta_3    -.0585625   .0903562    -0.65   0.517    -.2356575    .1185324
       beta_2    -.2488373   .0978951    -2.54   0.011    -.4407081   -.0569665
       beta_1     .3833786   .1014901     3.78   0.000     .1844616    .5822956
beta           
                                                                               
      alpha_4     .1231263   .2871012     0.43   0.668    -.4395817    .6858344
      alpha_3     .0433983   .2667719     0.16   0.871     -.479465    .5662615
      alpha_2    -.4596474   .3162288    -1.45   0.146    -1.079445    .1601497
      alpha_1     1.293123   .3481548     3.71   0.000     .6107519    1.975494
alpha          
                                                                               
                     Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                               

Log-likelihood         =  289.56559
Alpha_0                =          5
Number of demographics =          2
Number of obs          =        307
                    
Quadratic AIDS model

FGNLS iteration 4...
FGNLS iteration 3...
FGNLS iteration 2...
Calculating FGNLS estimates...
Calculating NLS estimates...
(obs = 307)
. quaids w1-w4, prices(p1-p4) expenditure(expm) anot(5) demographics (age dgender) nolog




