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Abstract Although academics showed a significant interest as to investigating the introduction of new
products, there is no formal empirical analysis of the market impacts associated with the introduction, and rise in
popularity, of Greek yogurt. Using a discrete choice model and scanner data of yogurt purchases in the U.S. yogurt
market, a key objective of our study is to empirically examine the market impacts that the introduction of Greek
yogurt has had on other types of yogurt. Specifically, we estimate a structural econometric model of demand and
supply, then use the estimated model to perform counterfactual experiments designed to assess the market impact
that Greek yogurt has on other types of yogurt. The empirical results show that the substitutability within Greek
and Non-Greek yogurt is higher relative to across these product groups. Also, Greek yogurt manufacturers are
enjoying a higher markup compared to Non-Greek yogurt manufacturers. After artificially removing Greek-type
yogurt from consumers’ choice set, our model predicts that consumer surplus declines, on average, by 31 percent.
The reduction in consumer surplus in the counterfactual experiment is primarily due to the decrease in the variety
of choices and an increase in the price of Non-Greek yogurts in response to a removal of Greek type yogurt. These
findings verify that product variety and innovation benefits consumer welfare.
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1. Introduction
Yogurt is produced and consumed worldwide, and its popularity has increased in recent years. In the
U.S., the per capita consumption of yogurt has risen from 3.6 pounds per person in the year 1984 to 14.9 pounds
per person in the year 2014, a 313 percent increase (USDA, 2016). The introduction of new flavors, innovative
packaging, and new technologies have contributed to the growth of this market. Yogurt is high in protein and
consumers often perceive it as healthier than other snacks. With the introduction of Greek yogurt by Chobani in
the year 2007, Greek yogurt is the fastest growing product segment in the North America yogurt market. In its
introductory, Greek yogurt accounted for only 1 percent of the US yogurt market. However, by the year 2015,
Greek yogurt accounted for more than 50 percent of the US yogurt market.

Figure 1. Per capita consumption of yogurt in the U.S. from 2000-2016 (in pounds per person)

*Source: U.S. Department of Agriculture

Greek yogurt is differentiated from regular yogurt during the straining process: It is 1.5 more times strained
than regular yogurt on average, resulting in the removal of most of the liquid whey. Thus, compared to regular
yogurt, Greek yogurt has more protein, fewer carbohydrates, and is thicker and stronger in flavor, making it a more
a healthy snack. In response to pro-health changes in tastes and preferences of consumers, producers have started
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supplying healthier food products. The dynamism of yogurt market, new flavors, packaging, production
technologies, also kept consumers interested in this category and have helped broaden yogurt's appeal as a
breakfast item, snack, dessert or a meal replacement.
The yogurt industry has been one of the most prodigious introducers of new products among the U.S.
industries. In the period of 2007 to 2017, approximately more than 200 flavors were introduced into a pool of about
160 existing flavors3 This is the evidence that continuous development and the introduction of new products is a
vital source of improvement in the US yogurt industry. For example, Dannon's latest introduction of crunchy Greek
yogurt products to compete with Chobani's "Flip" yogurt4. Both products combine the Greek yogurt with crunchy
toppings with many different flavors. As an important economic question, one may want to answer why do
consumers spend their income on new brands? Alternatively, new products? How much consumers benefit from
the new product introductions and what competitive effects of the new product introductions have?
There has been an extensive amount of research regarding the market impacts of the introduction of a new
product/ or brand in different types of industries. However, there has been no previous empirical research regarding
the market impacts of introduction, and rise in popularity, of Greek yogurt. As such, a key objective of our study
is to empirically examine the market impacts that Greek yogurt has had on other types of yogurt and consumers.
In this study, we follow the nested logit discrete choice approach and estimate the demand for differentiated
products. The estimated demand parameters together with the assumption about the strategic behavior of
competing firms in the industry are used in order to recover price elasticities and marginal cost. Similar in spirit to
Petrin’s (2002) analysis of the introduction of the minivan to the automobile industry, we use the estimated model
to perform counterfactual experiments designed to asses the market impact that Greek yogurt on other types of
yogurt and consumer welfare.
Based on our results, we find that the substitutability within Greek and Non-Greek yogurt is higher relative
to across these product groups. Also, Greek yogurt manufacturers are enjoying a higher markup compared to NonGreek yogurt manufacturers. After artificially removing Greek-type yogurt from consumers’ choice, our model
predicts that consumer surplus declines, on average, by 31 percent. The reduction in consumer surplus in the
counterfactual experiment is primarily due to the decrease in the variety of choices and an increase in the price of
Non-Greek yogurts in response to a removal of Greek type yogurt. These findings verify that product variety and
innovation benefits consumer welfare.
The rest of the paper is organized as follows: Section 2 we briefly explain the literature, Section 3 describes
the US yogurt industry characteristics; Section 4 provides the description of the data; Section 5 outlines the
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structural econometric model of yogurt demand and supply; Section 6 discusses the counterfactual experiment;
Section 7 discusses the results and conclusion.
2. Literature Review
There is a considerable literature in economics and related business fields about the introduction of new
products and their market impacts, but relatively few papers that mainly investigates the impact of the new product
introduction in the U.S. yogurt industry. First, we will review the literature on the welfare impacts of the
introduction of new goods/ products. Second, we will discuss the literature on analyzing the yogurt industry.
The large increases in consumer welfare after the adoption of new products by the manufacturer firms lead
to the question of how to measure the welfare impacts on the existing products and consumers. One common
approach used in the literature is the Consumer Price Index (CPI). The Consumer Price Index (CPI) serves as an
approximation of ideal cost-of-living (COL) index. Moreover, the COL answers the question of how much more
or less income a consumer requires to be as well-off in period 1 as in period 0 when the changes in quality of
goods, and the introduction of the new goods or the disappearance of the existing goods. Hausman (1996) examines
the impact of the introduction of new brands in the ready to eat cereal industry under perfect and imperfect
competition. Hausman extends the given welfare framework and employs the Hausman-Taylor IV method. He
finds that after the new-brand introduction, instead of the CPI for cereals being too high on the order of 25 percent
under the perfect- competition assumption, the introduction of imperfect competition would reduce the
overstatement of the cereal CPI to about 20 percent. Later, Hausman (1999) studies the introduction of a new
product, cellular phone, and its effect on consumer welfare in U.S. The primary argument of his paper is that the
Bureau of Labor Statistics (BLS) ignores the impact of new goods and the disappearance of existing goods, and
thus, the cost of living is estimated with an upward bias. To correct the price to use for the new good, he estimates
the demand function which helps to obtain the virtual price and expenditure function. Thus, he can obtain the exact
calculation of COL and make inferences about consumer welfare by using the introduction of a new good or
service. Nevo (2003) estimates CPI correctly by taking into account innovation and quality changes. He uses the
random coefficients discrete choice model to estimate a brand-level demand system then constructs a measurement
of welfare which can be converted into a price index under two different assumptions: error term and time
dummies. To test his empirical methodology, he analyzes the ready to eat cereal industry. Nevo’s findings show
that if one wants to produce a price index that allows for new brands and quality changes, the results change from
35 percent increase in the real price over 5 years to a 2.4 percent price decrease.
There are studies that distinguish the change in consumer welfare after an introduction of a new product as
price and variety effects. Hausman and Leonard (2002) examine the introduction of Kleenex Bath Tissue and
measures the consumer benefit, comparing before and after introduction prices. The authors estimate the consumer
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surplus under the “variety impact.” They assumed a constant utility function and derived the expenditure function
and thus examine the compensating variation (CV) before and after the introduction. By assuming Bertrand- Nash
equilibrium, the authors compared the before and after introduction prices. Based on their results, consumers
benefited significantly after the introduction.
Increased product variety, increases the competition, consumer surplus, and lower average selling prices.
The primary purpose of Brynjolfsson, Hu, and Smith (2003) is to quantify the dollar value consumer place on the
increased product variety available through Internet markets. The authors define a utility function that is based on
the pre and post introduction prices. By following Hausman and Leonard (2002), the total effect divided into two:
price and variety. By using regression analysis, the authors obtained the numbers about sales by running a
regression on the ranking of the books. Based on their results, increased variety effect of online bookstores
enhanced the consumer welfare $731 million to $1.03 billion from increased competition and lower prices in this
market.
Introduction of a new product can lead to higher sales and firm growth. Besides, firms can target current
consumers with their “new products” and give up the expenses to attract “new consumers.” Bayus, Erickson, and
Jacobson (2003) explore the financial side of the market when a new product is introduced, mainly focused on the
personal computer industry. By using a regression analysis, the authors examine the performance of a given firm
i in year t. Based on their results, the authors find that the introduction of the new products in the PC industry has
a positive impact on firm value, profit rate and firm size.
Many studies point to substantial consumer surplus gains associated with the introduction of new brands
and product innovation by estimating demand with a discrete choice model. Petrin (2001) measures the changes
in consumer welfare, producer surplus, also, first mover advantage and profit cannibalization from the introduction
of the minivan. The primary purpose of his paper is to propose a new technique that gives more precise estimates
of the change in consumer welfare by examining the minivan market. The suggested new method is useful when
there is a lack of consumer-level data; in by augmenting the demographic variables of the consumers into the
market-level data. To estimate the demand in the automobile market, he adopts the random coefficients model.
Also, his paper conducts counterfactual experiments where the minivan is removed from consumers' choice set.
Results suggest that the introduction of minivan created significant benefits for consumers and a surplus for the
innovator. Bresnahan et al. (1996) segment the computers based on their key product characteristics. "Principles
of differentiation" suggests that products that belong to the same group would be closer substitutes to each other
than the products belonging to the other groups. As an empirical methodology, the paper uses a discrete choice
model by following Berry's (1994) method, Principles of Differentiation (PD) Generalized Extreme Value (GEV).
Based on the results, developing a brand or innovating a new product increases buyers' willingness to pay.
A number of economic and marketing studies examined the yogurt industry. Most studies are applied to the
US yogurt market, based on consumer level data and limited to some brands. Among others, Villas-Boas and
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Winer (1999) estimate a demand model for yogurt using consumer level data and allowing for the endogeneity of
prices. Anderson and De Palma (2001) develop an oligopoly model where they directly introduce horizontal
differentiation and quality differences; Chintagunta et al. (2001) use consumer-level data to estimate a demand
model that takes into account habit information and past choices, while Ackerbeg (2001) develops a demand model
that can identify the effects of brand advertising. Later, studies adopt market level data. Kim et al. (2002) study
the yogurt market to examine the multiple purchases in the same product category by functioning nests that
commonly have a linear utility structure and can be used to measure rates of satiation of different offerings that
give rise to the simultaneous purchase of multiple varieties. Villas-Boas (2007) estimates the price-cost margins
of retailers and manufacturers when there is no information about the wholesale prices. By defining different
supply models, she estimates the demand parameters by using logit and random coefficients model. Under different
supply models when manufacturers’ wholesale price is not observed, the primary purpose is to select a model that
is consistent with the data by examining the U.S. yogurt market. Based on the results, products that are in the same
retailer are more price sensitive to the products that are not in the same store. Giacomo (2008) estimates the demand
structure of yogurt by using a nested logit model and uses a different specification of lagged of endogenous
variables as instruments. Another purpose of this paper is to analyze the introduction of a new low-fat and regular
fat brands in the Italian yogurt market. Based on the results, consumers experiencing lower prices due to the
introduction and increase in consumer surplus.
One of the latest empirical investigations of the yogurt industry was done by Rosetti (2018). His paper
estimates a model of product entry and exit in the U.S. yogurt industry. First, he estimates the yogurt industry
demand by using the random coefficients model and estimates variable costs by using Berry et al. (1995)’s
framework. Then, he considers the level of adoption of new product lines and brand advertising in the reduced
form. Based on the results, the monopolist has a preference to offer more unique products than competitive
industry, but the increased product variety is not enough to compensate for the increases in prices.
Given recent changes in the US yogurt industry, our study focuses on better understanding of the
introduction and the rise in popularity of Greek yogurt has had on other types of yogurts in the market. Our paper
also contributes to the existing set of empirical evidence on product introduction on consumer welfare and market
power in dynamic markets.
2.The U.S. yogurt industry
Yogurt is obtained by a fermentation process. It is produced adding a specific bacterial culture to milk
which converts milk sugar (lactose) into lactic acid. One of the main properties of yogurt is its low content in
lactose which makes it ideal for that large part of the population who has an intolerance to milk sugar.
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The US yogurt market is characterized by high concentration: the first three players, Danone- the French
multinational, General Mills- an American multinational and Chobani- an American manufacturer, hold a total
share exceeding 70 % of the total market. Private label brands from retail stores are in the fourth place with 18 %
sales share of the market. Moreover, a very high degree of product differentiation is observable: the three major
manufacturers produce about 17 different brands of yogurt.
Figure 1. Annual industry sales share by manufacturers (for all yogurt types)

industry sales share
35

32.73

32.11

30
25
20

18.18
14.65

15
10
5

0.52

0.4

National
Dairy
Holdings

Johanna
Foods

0.24

0.18

0.15

0
Chobani General millsPrivate label

Dannon

Whitewave Tillamook

Others

*Industry sales share calculations on my own

The Paris-based Danone is the world’s largest yogurt manufacturer with the parent company of the US,
Dannon, is one of the best-positioned companies that gain capital from the growth of the yogurt market due to the
US health trend towards greater yogurt consumption. Since General Mills began selling its Yoplait brand in the
1970s, General Mills had been one of the leading manufacturers in the US yogurt market. In 2012, the company
was facing with 32 % of the sales share of the market; however, General Mills quickly found its market share
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dropping substantially. In 2013, General Mills had 25.8 % of the U.S. yogurt market, compared to its two main
competitors, Danone, which is 27.8 % and Chobani, 48 % of the Greek yogurt market5
One of the main reasons for a significant decrease in the market share of General Mills is the rise in
popularity of Greek yogurt which is introduced by Chobani6. The considerable growth of Greek yogurt seen over
the past ten years is stiffened, and the market seems to have not reached its maturity. The American yearly per
capita consumption is considerably smaller than European countries. Average per capita consumption in the year
2012 is around 14 pounds in the US, with the European average is around 37.92 pounds. This finding also mimics
the milk consumption patterns: 44.7 pounds of milk against the European average of 148. 37 pounds7. The
difference can be explained by having different feeding habits, with higher dairy products intakes.
3. Data
This study is based on the data made available from a U.S. marketing firm Information Resources Inc. (IRI).
IRI collected data by using scanning devices from a sample of stores belonging to different chains located in
various areas of the US. The data consist of weekly prices and the total sales of almost all brands of yogurt sold in
the U.S. The period examined in this study lies from January 2012 and December 2012. The dataset was then
completed by information on nutritional facts; calorie, sugar, fat, and protein. These additional data were collected
from manufacturer websites and the assumption is that those facts did not change over the observed period. In this
study, the county is chosen as a geographical area and markets are defined as the combination of a geographical
area, month and year. We aggregate weekly data up to monthly unit sales and revenue. The average retail prices
are computed dividing monthly sales revenue by monthly unit sales. In order to obtain the market share for the
outside good, a potential market size is defined. By following Villas-Boas (2007), we assumed per capita
consumption yogurt for each individual in the US is half of the per capita yogurt consumption per month. After
obtaining the population of each county from Bureau of Labor Statistics (BLS) for each county, we multiplied the
number of adult population with half of the per capita consumption yogurt. This calculation leads us to obtain the
potential market size. Each product in the dataset is defined as a unique combination of yogurt style (Greek vs
Non-Greek), brands, flavor/scent, organic information, packaging type. Thus, a yogurt under the same brand with
a different yogurt style, flavor, and organic information counted as a different product. (e.g., Organic Greek yogurt
with a strawberry flavor is a different product than Organic Greek yogurt with a blueberry flavor.)
In this study, we focused on a single pack, 6- ounces yogurt to compute our analysis since 73 percent of the
yogurt sales represented in this particular size and packaging in our data in the year 2012. As shown in Table 1,
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almost all type of yogurt is Non-Organic. Within Non-Greek style yogurts, 7 percent is Organic. Specifically,
among Greek type yogurts, only 0.8 percent is organic, and 99.2 percent is Non-Organic. Although the organic
industry, including organic dairy products, grew approximately 20 percent a year throughout the 1990s (Organic
Trade Association, 2005), some consumers may view all natural and organic as similar, in fact, they are different.
While organic foods are all natural; all natural foods are not necessarily organic. The requirements for organic
products are more stringent than the requirements for all natural foods. Organic yogurt has to be from cows that
are fed organic grain and not treated with hormones that have to meet other stringent requirements. All natural
products, such as yogurt, cannot contain synthesized ingredients. Chobani is one of the dominant manufacturers
of the Greek yogurt in our dataset, and its products are "all natural." Thus, our summary statistics make sense.
Specifically, 75 percent of our observations are a Non-Greek type, and 25 percent is Greek-type yogurt. For this
specific packaging and size, there are 39 manufacturers, and 139 brands exist in the dataset. Table 2 describes the
available variables.

Table 1. Non-price characteristics of a single pack, 6-ounces yogurt
Description
Organic Information:
Non-Organic
Yogurt Style*:
Greek
Packaging Material:
Plastic Cup and Sleeve

Percent
93.29
23.43
100

*yogurt style represents Greek vs. Non-Greek yogurts. The packaging material includes jar, glass and plastic cup/ sleeve.

Table 2. Description of available variables
Name

Description

Price

Average monthly prices in dollar per ounces.

Market Shares (𝑠" and 𝑠"# )

Monthly market shares for each brand (𝑠" ) are computed as the
total quantity divided by the dimension of the potential market. Withingroup share (𝑠"# ) is computed by dividing the total quantity sold by each
brand by the total sales of the nest (group) it belongs.
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Promotion count

It counts the promotion (i.e., coupons, special offers) occurred for
each nest during that month.

Feature count

It counts the feature (i.e., frequent shopper program, large size
advertisement) occurred for each nest during that month.

Display count

It counts the display (e.g., end aisle, lobby) occurred for each nest
during that month.

Sugar

Sugar price per ounce

Protein

Protein information per ounce of yogurt

Milk Price

Price of Non-fat grade A milk ($/cwt)

Organic Information

Dummy=1 if the product is Organic, zero otherwise

Yogurt style

Dummy=1 if the product is Greek yogurt, zero otherwise

Deviation from Promotion

Deviation from promotion for each nest

Deviation from Feature

Deviation from the feature for each nest

Deviation from Display

Deviation from display for each nest

Table 3 reports the summary statistics for the single-pack, 6-ounces yogurt. The average price of yogurt per
ounce is $0.142. Also, the data on costs, obtained from various sources, are described in Table 3. The group of cost
price series relates more closely to manufacturer costs: price of milk, plastic and other components of yogurt, and
(industrial) energy prices for the United States.
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Table 3. Descriptive Statistics of a single pack, 6-ounces yogurt
Description

Mean

S.D.

Min

Max

0.142

0.063

0.017

0.548

910.951

1522.479

6

30108

Gas Prices($/gallon)

3.645

0.192

3.3

3.9

Strawberry
prices($/hundredweight)

1.896

0.206

1.594

2.455

Milk prices ($/cwt)

17.384

1.243

16.2

22.1

Sugar prices
(cents/ounce)

70.336

1.278

67.9

71.2

Corn
prices($/bushel)

6.990

0.105

6.21

7.13

Energy
prices(cents per kilowatthour)

6.539

0.187

6.38

7.13

Whey protein($/lb)

1.392

0.174

1.119

1.592

Feature*

0.651

1.218

0

5

Promotion*

1.005

1.2177

0

6

Display*

0.049

0.353

0

6

Average price ($/ounce)
Aggregate sales
(ounces)

*Feature, Display, and Promotion are count variables.

4. Empirical Model
4.1. Demand Model
In this work, we use nested logit to specify yogurt demand since we can partition the customers into two
groups, called "nests." A typical consumer i can enter and either buy one of the J products, j=1,...,J or otherwise
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choose the outside good 0 (j=0), allowing for the possibility of consumer i not buying one of the J marketed goods.
Therefore, the customer i chooses alternatives in market m during time t.
The nested logit model classifies products into G groups, and one additional group for the outside good.
Therefore, the products in a market are organized into G+1 exhaustive mutually exclusive groups, where g=0,1,...,G.
The outside good, j=0, is assumed to be the only member of group 0. The indirect utility consumer i gets from
purchasing product j in market m at time t is given by:

𝑈%"&' = 𝛿"&' + 𝜎𝜁%&'# + 1 − 𝜎 𝜖%"&'

(1)

𝛿"&' = 𝑥"&' 𝛽 + 𝛼𝑝"&' + 𝑐𝑜𝑢𝑛𝑡𝑦& + 𝑣' + 𝑏𝑟𝑎𝑛𝑑" + 𝑓" + 𝑑" + 𝑝𝑟𝑜" + 𝜉"&'

(2)

Where in Equation (1) 𝛿"&' is the mean level of utility across consumers derived from product j, 𝜁%&'#
is a random component of utility that is common to all products in group g, whereas the random term 𝜖%"&' is an
independently and identically distributed (across products, consumers, markets and time) random error term
assumed to have an extreme value distribution. The parameter sigma (𝜎) lies in between 0 and 1, which represents
the correlation of consumer utility across products belonging to the same group/ nest (Greek vs. Non-Greek). As
sigma approaches one, the correlation preferences among products within the same group increases. Conversely,
as sigma gets closer to zero, there is a weak within-nest substitution- consumers are equally likely to switch
products among nests- which corresponds to the standard logit model.
In Equation (2), 𝑥"&' is a vector of observed non-price product characteristics and includes organic
information and type of yogurt product level zero-one dummy variables. The vector 𝛽 measures the consumer's
marginal utility of product characteristics. The parameter 𝛼 captures the disutility of price. 𝑝"&' is the price;
𝑐𝑜𝑢𝑛𝑡𝑦& captures county specific fixed effects; 𝑣' captures the time (month) fixed effects; 𝑏𝑟𝑎𝑛𝑑" captures brandspecific fixed effects; 𝑓" captures the retail features, 𝑑" captures the shelf display, 𝑝𝑟𝑜" captures the promotional
campaign, and 𝜉"&' is the unobserved (by the econometrician) brand characteristics (quality, reputation, etc.) that
has an impact consumer utility.
For simplicity, the market and time subscripts are dropped to complete the derivation of the model. Let
there be 𝐺# products in group g. If product j is in group g, the probability of choosing product j is given that group
g is chosen, is given by the following equation:

12

FG

𝑆"/# =

E (IJK)

(3)

LM

where 𝐷# =

FG

" Q RM

= 𝑒 IJK

The probability of choosing group g is given below:

𝑆# =

LM (IJK)
LS

(IJK)

(4)

(IJK)
T UVI
MVI LM

The outside good is the only good in group 0. Thus, 𝐷W (XYZ) = 𝑒W [ . Then, we normalize the mean utility
of the outside good to zero, 𝛿W = 0. This normalization implies that 𝐷WXYZ = 1

and we can re-write equation

(4) as:

𝑆# =

LM (IJK)

(5)

(IJK)
XT UVI
MVI LM

Finally, the unconditional probability of choosing product j is given by:

𝑆" = 𝑆"/# 𝑥 𝑆# =

F /(IJK)
E G

LM

𝑥

LM IJK
IJK
XT U
MVI LM

(6)

The demand specification in the nested logit model (6) only depends on product characteristics, such as
prices, fat information, organic information, and no consumer characteristics enter it. In particular, wealth effects
are absent, and even if this is undesirable as long as price sensitivity does not vary with income, it can be argued
that for "consumption goods," like yogurt, such effects are small. (Verboven, (1996); Bresnahan et al. (1997)).
Then, the demand for product j is given by:
𝑑" = 𝑀 𝑥 𝑆" (𝑥, 𝑝, 𝜉; 𝛼, 𝛽, 𝜎)

(7)
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Where in Equation (7), M is a measure of market size, the population of a given county. The predicted share
of product j is 𝑆" while x, p, and 𝜉 are vectors of observed non-price characteristics, price and the unobserved
vector of product characteristics, respectively. 𝛼, 𝛽, 𝜎 are parameters to be estimated.

4.1.2. Demand Estimation

The observed market share for product j in market m in time t is 𝑆"&' =

`Gab
ca

where 𝑞"&' is aggregate

quantity of product j sold in market m in time t and 𝑀& is a measure of the size of the market m. The estimation
strategy is to choose parameter values such that the observed market shares are equal to the market shares predicted
by the model. Therefore, we need to solve for the values for marginal utility 𝛽 and disutility of price 𝛼 that satisfy:
𝑆"&' = 𝑆" (𝑥, 𝑝, 𝜉; 𝛼, 𝛽, 𝜎)

(8)

Then, we apply Berry's log-linear transformation to equation (8) and transform our model into a linear
function of the parameters to be estimated:

ln 𝑆"&' − ln 𝑆W&' = 𝑥"&' 𝛽 − 𝛼𝑝"&' + 𝜎 ln 𝑆"&'/M + 𝑐𝑜𝑢𝑛𝑡𝑦& + 𝑏𝑟𝑎𝑛𝑑" + 𝑓" + 𝑑" + 𝑝𝑟𝑜" + 𝜉"&'

(9)
where 𝑆"&' is the observed market share of product j computed from the data, 𝑆W&' is the observed outside
share of the outside good, computed by using the formula 𝑆W&' = 1 −

" Q ga 𝑆"&' ,

𝑆"&'/M represents the

observed within-group share of product j and the other variables described in Equation (2).
Now, we have two endogenous variables on the right-hand-side of the equation, since 𝑝"&' and 𝑆"&'/M are
endogenous in Equation (9). Thus, we use Two-Stage Least Squares(2SLS) to estimate the demand.
4.1.3. Instruments

To obtain consistent estimates of price coefficients, 𝛼, instrumental variables are required because when the
manufacturers are setting their prices, they would consider not only the observed product characteristics, 𝑥"&' , but
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also the unobserved characteristics, 𝜉"&' . The manufacturers would also take any changes in the product
characteristics and valuations into account8.Hence, the product fixed effect, the time (month) dummies, and the
geographic location(county) dummies are included. We assume that the input price would be uncorrelated with the
unobserved econometric error, 𝜉"&' , but highly correlated with price. The intuition for this assumption can be
illustrated by the fact that the brand loyalty is most likely to be uncorrelated with the price of milk, but the price of
milk would definitely affect the price of spoonable yogurt. Indeed, the production process of Greek vs. Non-Greek
yogurts is different regarding straining process (removal of the liquid from yogurt) [and the usage of milk or the
consumption of milk is different during the production process of Greek and Non- Greek yogurt]. Therefore, we
decided to choose the price of milk as the manufacturer's input cost. The monthly price of milk information is
obtained from the U.S. Department of Agriculture. The underlying intuition to interact with the milk price with
brand dummies is to allow this input price to enter the production function of each brand differently. In fact, the
brand “Chobani” focus on the high protein Greek-style yogurt, which is likely to consume more milk than
processing regular yogurt. Therefore, the milk consumption would be different between the Greek yogurt brands
such as "Chobani" and the regular yogurt brands "Yoplait." Thus, the monthly milk price interacted with the brand
dummies are instruments for the endogenous price.
The specifications and the instrumental variable explained above implies that the remaining econometric error term,
𝜉"&' , will include unobserved product characteristics such as unobserved promotions, feature and shelf display
changes. Within-group share (Sjkl/m ) will be correlated with the remaining part of the unobserved error term. Since
we are using the nested logit demand model, we group yogurts by type (Greek vs. Non-Greek). First, we define the
count variable of advertising characteristics that can be obtained from the data for each product. Then, we calculate
the deviation from the count for each product based on their nest. So, instruments as deviation from feature,
deviation from display and deviation from promotion are likely to be correlated with the within-group share because
consumers may prefer a set of products offered by a particular type to other type's products owing to difference in
the number of advertising strategies (feature, display, and promotion) associated with the products.

4.1.4. Brand Specific Dummy Variables
As mentioned in Nevo (2000), one of the criticisms about using brand dummies is that taste coefficients,
𝛽, cannot be identified. To retrieve the taste coefficients 𝛽, we followed Nevo's minimum distance approach.

8

Villas-Boas, 2007
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First, we define a Jx1 vector of brand coefficients, 𝑑 = 𝑑X , … , 𝑑"

o

a matrix of product characteristics that

are fixed across markets, X, and a vector of unobserved product qualities, 𝜉 = (𝜉X , … , 𝜉" )′. Then from equation
(1):
𝑑 = 𝑋𝛽 + 𝜉

(10)

Second, we assume 𝐸 𝜉 𝑋 = 0, then we can find the estimates of 𝛽 and 𝜉 are:
𝛽 = 𝑋 o 𝑉t YX 𝑋 YX 𝑋 o 𝑉t YX 𝑑

(11)

𝜉 = 𝑑 − 𝑋𝛽

(12)

In Equation (11), 𝑑 represents the brand dummy coefficients estimated from 2SLS of nested logit model
and 𝑉t is the variance-covariance matrix of these estimates.
4.2. Supply Side
Assuming that firms simultaneously choose prices as in static Bertrand-Nash model, each firm f offers a set
of differentiated products 𝐹v . Thus, the firm f's profit is given by:
𝜋v = 𝑝" − 𝑚𝑐" 𝑞" 𝑝 =

" Qyz (𝑝"

− 𝑚𝑐" ) 𝑥 𝑀 𝑥 𝑆" (𝑥, 𝑝, 𝜉; 𝛼, 𝛽, 𝜎)

(13)

where 𝑞" = 𝑀 𝑥 𝑆" 𝑥, 𝑝, 𝜉; 𝛼, 𝛽, 𝜎 , M is the measure of the size of the market, 𝑆" is the predicted market
share function comes from the demand side of the model, x is a vector of product characteristics, p is a vector of
containing the price of 𝐹v products, 𝜉% is unobservable product characteristics; 𝛼, 𝛽, 𝜎 are the demand parameters.
The price 𝑝" of any product j produced by firm f must satisfy the first order condition:

𝑆" (𝑝)+[ 𝑝" − 𝑚𝑐" ] x {

where

−𝑆" 𝑝 x {

~•G (€) YX
}
~€G

~•G (€) YX
}
~€G

(14)

is the markup term.
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First, let Ωv be a JxJ matrix that describes each firms' ownership structure of the J products. And let Ω"ƒ
denote an element in Ω, where:

Ω"ƒ =

1, if there exists f: 𝑗, 𝑟 ⊂ 𝐹v
0,
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(15)

Second, let ∆ be a JxJ matrix of first-order derivatives of product market shares with respect to prices,
where:

∆"ƒ =

~•G (€)

(16)

~€’

Let's re-write the first-order condition in vector notation:
𝑆 𝑝 + Ωv ∗ Δv 𝑝 − 𝑚𝑐 = 0

(17)

where S(p), p and mc are Jx1 vectors of market shares, prices, and marginal costs respectively. -Ωv ∗ Δv
is an element-by-element multiplication of two matrices.
Equation (17) implies a markup equation as:

𝑝 − 𝑚𝑐 = − Ωv ∗ Δv

YX

𝑆(𝑝)

(18)

Given the demand model estimates and markup from Equation (18), the marginal cost can be recovered as
follows:

𝑚𝑐 = 𝑝 + Ωv ∗ Δv

YX

𝑆(𝑝)

(19)

where 𝑚𝑐 is the vector of marginal cost.
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5. Econometric Estimation and Inferences
5.1. Demand Estimation
The Nested logit model of demand was employed to estimate the differentiated products. First, we used
OLS of Nested logit model to illustrate the need for instruments for prices when estimating demand. Understanding
the drawback of having poor substitution patterns, we then use 2SLS of the Nested logit model.
Following Nevo (2000), we use a minimum distance estimator to recover the taste parameter, 𝛽.
5.2. A nested logit model of demand
Table 4 presents the coefficient estimates of yogurt price, 𝛼, obtains from regression mean utility 𝛿" =
log 𝑆"&' − log 𝑆W&' on prices considering the period (month), market, and product fixed effects. The first and
second column in Table 4 reports the coefficient estimate of 𝛼 by using OLS and instrumental variables (IV)
specification respectively. The estimates of price coefficient from OLS and 2SLS are negative and statistically
significant. As mentioned before, price and within-group share, 𝑆"&'/# , are endogenous variables in the demand
equation. Hence, OLS estimation in column 1 of Table 1 produces biased and inconsistent estimates of the price
coefficient and within group share. To eliminate the endogeneity problem, we re-estimate the demand equation
using 2SLS and perform a Hausman exogeneity test. The Hausman test rejects the exogeneity of price and withingroup product share at a statistical significance level and suggests that used instruments explain the variations in
the endogenous variables. The coefficient estimate on the p variable has the expected negative sign: an increase in
the price of a product reduces the probability of consumer will choose the product.
The coefficient estimate on 𝜎 lies between zero and one. 𝜎 measures the correlation between consumers'
preferences for products offered by the same type of yogurt. Here, the estimate in column (2) for 𝜎 is 0.379,
suggesting a small degree of within-nest substitution in consumers’ behavior.
Consumers tend to prefer products that are Greek style. This results can be explained by the positive
coefficient estimate on yogurt style and underscores our premise that consumers' choice behavior is consistent with
the fact that rich nutrition and health concerns are associated with a more desirable Greek yogurt consumption.
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Table 4. Nested Logit results for Single Pack 6- ounces yogurt
(1)
OLS
-10.64***
(0.0883)

(2)
2SLS
-23.74**
(0.628)

Group Share (Sigma)

0.706***
(0.00213)

0.379***
(0.00973)

Yogurt Style

0.0244

1.008***

(Greek=1)

(0.0244)

(0.0499)

Organic Information

0.142***

0.434***

(Organic=1)

(0.0221)

(0.0390)

-0.0205**
(0.0027)

-0.0265**
(0.0032)

Protein˜

0.0621**
(0.0049)

0.0494**
(0.0057)

Sodium˜

-0.0144**
(0.0006)

-0.0078**
(0.0008)

Fat ˜

0.3001**
(0.0096)

0.1541**
(0.0117)

Yes
Yes
Yes

Yes
Yes
Yes

Description
Price(per ounce)

Sugar

˜

Fixed Effects:
County
Month
Brands
Exogeneity test for IVS:
Durbin Score
Wu-Hausman
#of observations
R-squared

2297.28
1167.79
108,788
0.9952

108,788

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
𝑁𝑜𝑡𝑒: ˜ Estimates are calculated by the Minimum Distance approach.
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The positive coefficient estimate on organic information suggests that organic products are associated with
higher levels of utility compared to non-organic products. In other words, organic information is positively related
to consumer's utility consuming from yogurt9
The estimated coefficients of feature and display indicating that retailer's feature and the positioning of the
product are positively related to consumer's utility from consuming yogurt. If the promotion in a product has been
rare, the promotions could have a negative effect on its quality image10. Consumers start suspecting perhaps the
product has not been selling well, outdated or discontinued. The negative coefficient estimate on promotion suggests
that promotional activities result in lower consumer utility.
Consumers tend to dislike sugar-intensive and sodium-intensive yogurt brands as implied by the negative
sign of the coefficient estimates on these two variables. The American Health Association recommends to kids and
adults to decrease the amount of sugar consumption. Based on a recent study, overeating sugar can not only lead to
obesity but also metabolic disease and early onset of diabetes and heart disease. Also, consumers are advised to
look for yogurt with low levels of sugar since it does not contain any artificial sweeteners11. According to the US
Department of Health and Human Services, consuming low- sodium snacks can help to control daily sodium intakewhich can help consumers to reduce the risk for high blood pressure and heart disease12In line with these findings,
our results show that for sugar-intensive and sodium-intensive brands are affecting the yogurt consumption
negatively.
On the other hand, consumers are more likely to buy protein- intensive and fat-intensive yogurt brands as
implied by the positive sign of the coefficient estimates of these two variables. Eating yogurt each day can help
individuals to achieve their daily protein intake13. Fat is a satiating nutrient, filling up and slowing down the release
of sugars into the bloodstream and helping to prevent overheating14. Thus, eating the full-fat form can help to reduce
the calories that would be taken during the day. In line with these findings, our results show that protein-intensive
and fat-intensive brands are increasing the consumption of yogurt.
5.3. Elasticities
Given the structural demand estimates, price elasticities of demand for each differentiated product can be
calculated. The market is defined as a combination of time (month), geographic location (county) and non-price
9

source
Gedenk, Neslin and Ailawadi (2006)
11
https://www.washingtonpost.com/news/parenting
12
https://www.medicalnewstoday.com/articles/295714.php
13
http://healthyeating.sfgate.com/much-protein-yogurt-6135.html
14
https://health.usnews.com/wellness/food/articles/2016-10-28/5-reasons-to-start-eating-full-fat-dairy-accordingto-science
10
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characteristics of each product; there are 1802 unique markets exist in this study. Table 5 shows the mean ownprice elasticity for a single pack, six-ounces yogurt.
Based on the results, the mean own price elasticity varies by product and obtained from 2SLS is -5.336.
The estimated own-price elasticities are in line with previous studies on consumption goods. In particular, Pinkse
and Slade (2002) estimate average own- price elasticities equal to -2 for beer in the UK, Nevo (2000) finds that
own price elasticities for ready to eat cereals are -4 on average in the USA, Chintangunta et al. (2001) report the
own-price elasticities that range between -2 and -4 while Villas-Boas (2007) find own- price elasticity estimates
in the range of -5.6 and -5.9. Later, we estimate mean cross-price elasticities of demand between any Greek and
Non-Greek yogurt. As shown in Table 6, the demand model yields the mean cross-price elasticity estimates as
0.00043 between Greek and Non-Greek yogurt-type products. Based on this result, we can see that the
substitutability within Greek and Non-Greek yogurt is higher relative to across groups: price elasticities are
stronger for within group than between groups.
Table 5. Own price elasticity of Greek and Non-Greek type yogurts, six-ounces yogurt
Own Price
Elasticity (Std. Error)
-4.817 (0.065)
-8.467 (0.0102)
-5.718 (0.0073)

Summary statistics
Greek
Non-Greek
Average All

Table 6. Cross and within-group price elasticity for a single pack, six-ounces yogurt
Cross-price elasticity
Greek
Non-Greek

Greek

Non-Greek

0.21491
(0.00445)
0.00143
(0.00010)

0.00043
(0.00003)
0.12843
(0.00320)

*standard errors in parentheses
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5.4. Estimated Markup and Marginal Cost
Table 6 reports summary statistics on prices, computed markup and recovered marginal costs for a single
pack, six-ounces yogurt. Each reported summary statistics in Table 7 has an associated sample standard error
reported in parentheses. The reported means of prices, markup, and marginal costs are statistically significant at
the 1% level.
Table 7. Estimated marginal cost and markup for a single pack, 6-ounces yogurt
Price (per ounce)
Yogurt type
Greek
Non-Greek

Mean (Std. Error)
0.2120 (0.0002)
0.1192 (0.0003)

Product Markup
Mean (Std. Error)

Marginal Cost
Mean (Std. Error)

0.0366 (0.0062)
0.0318 (0.0039)

0.1754 (0.003)
0.0874 (0.002)

On average, the average real price of Greek yogurt is higher than Non-Greek yogurt. We also observe the
mean computed markup from Bertrand- Nash equilibrium is higher for Greek yogurt. The estimated marginal costs
are on average $0.13 and include retailers' costs, markup, and transportation costs; which can be expected to be
relatively high due to the short shelf life of the product.
6. Counterfactual Experiment
Product innovation is essential to the economic growth and development of accurate measures of the
welfare gains from the introduction of new goods and the improvement in the quality of existing products is the
aim of many studies.
From the firm side, the incentives to introduce new brands come from the possibility to enjoy some
transitory market power. Arrow (1962) and Schmalensee (1978) argues that product proliferation can deter entry.
On the other hand, a comprehensive theoretical analysis of imperfect competition and new goods is incomplete
(Breshnahan and Gordon, 1997). One can expect that the new good is going to decrease the prices of competing
goods, but there are no noticeable prevailing effects concerning the price of the other brands of the introducer:
Those prices could either fall -a cannibalization effect prevails-, or rise -the new brands allows the firm to enjoy
some market power (Breshnahan and Gordon, 1997).
From the consumer side, the introduction of a new brand or product viewed as the more extensive choice
set and increased competition increase the welfare gains. In this sense, many empirical studies point to substantial
consumer surplus gains associated with the introduction of new brands and the main finding is a significant
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reduction in the prices of competing brands. To see the welfare gains from the introduction of new goods, please
see Trajtenberg (1989), Hausman (1997), Petrin (2002), Ackerberg et al. (2005).
In 2007, Chobani, currently one of the leading competitors in the US yogurt market; introduced Greek type
yogurt. Within a few years, the company commands a 37.6% share of the Greek yogurt market and a 19.8% piece
of the total spoonable yogurt market 15. Given the success of the introduction of new type of yogurt, in this study,
we would like to answer the question of "What would happen to the US yogurt market if we removed the Greektype yogurt?". To find the answer, we computed a counterfactual analysis where we remove the Greek-yogurt
products artificially from the choice set of consumers.
Given the supply model in Section 4.2, let ΩŸ

¡¢'Eƒv˜Ÿ'¡˜£

be a matrix that describes the counterfactual

ownership structure of the yogurt industry. Predicted counterfactual equilibrium prices, p*, solve:

𝑝 − 𝑚𝑐 = − ΩŸ

¡¢'Eƒv˜Ÿ'¡˜£

∗ Δv

YX

𝑆(𝑝)

(20)

where 𝑚𝑐 are the equilibrium costs implied by demand estimates and pre-counterfactual ownership
structure.
6.1. Major Yogurt Manufacturers
We want to examine our counterfactual experiment by considering the major manufacturers in our data set.
Thus, we calculated the industry sales shares of each manufacturer in our dataset. Figure 3 shows the top
manufacturers of Greek yogurt in the data set: Chobani ranks as the first company with 88 percent of market share
while General Mills ranked as a third with 5 percent market share. Figure 4 represents the manufacturers of NonGreek type yogurts. General Mills ranked as first with almost 50 percent market share, Private Label manufacturers
ranked as a second with 23 percent market share, and Group Danone ranked as a third with a market share 22
percent.
Since we would like to examine the pricing behavior of remaining yogurt manufacturers after we artificially
remove the Greek-type yogurt from consumer’s choice set; we determine our main Non-Greek style yogurt
manufacturers as General Mills, Group Danone, Private Label.

15

http://www.smartbrief.com/s/2017/03/nielsen-chobani-leads-us-yogurt-market-share
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Figure 3. Industry share sales for only Greek type
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Figure 4. Industry share sales for only non- Greek type
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Table 8. Major Manufacturers prices with and without the Greek yogurt
PRICE(p/ounce)
w/Greek Yogurt
General Mills
Dannon
Private Label
Johanna Food
Liberty
National
Others

0.12
0.13
0.08
0.11
0.21
0.11
0.21

w/o Greek
Yogurt
0.18
0.21
0.32
0.22
0.24
0.21
0.23

Change in Price: Price with
Greek minus Price without
Greek.
(with and w/o Greek yogurt)
-0.06
-0.08
-0.24
-0.11
-0.03
-0.1
-0.02

(%)Percentage Price
Change
-33.33
-38.10
-75.00
-50.00
-12.50
-47.62
-8.70

Table 8 summarizes the implied price changes of major yogurt manufacturers' that occur with the Greektype yogurt's removal in the year 2012. When Greek-type yogurts are removed artificially from consumers' choice
set by changing the ownership structure defined in equation (20), three major manufacturers increase their product's
price per ounce more than 50 percent. Table 9 shows that on average after Greek-style yogurt is removed from the
choice set of consumers, the price of the remaining yogurt products in the market increases 29 percent and demand
decreases by 25 percent.

Table 9. Equilibrium prices with and without the Greek Yogurt
Price

Demand

%∆ 𝑃𝑟𝑖𝑐𝑒
29.46

%∆ 𝐷𝑒𝑚𝑎𝑛𝑑
-25.830

6.2. Changes in Consumer Surplus:
The changes in the welfare of consumers are due to an exogenous shock (the introduction of a new type
yogurt) in a given environment (a short run Bertrand Oligopoly model with horizontally differentiated products)
and give a measure of consumers’ valuation of the new choice set, all else equal. To assess the market impacts of
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the introduction of Greek yogurt, we remove the Greek- type yogurt from consumers’ choice set and examine the
new prices, consumer surplus, and variable profit.
The total quantity sold of product j, 𝑞" , is given by the probability that a potential consumer chooses product
j times the total number of potential consumers M:
𝑞" = 𝑆" ∗ 𝑀

(21)

The net consumer surplus, CS, measures the attractiveness of the set J+1 products in monetary terms, after
subtracting the price consumers have to pay. It is given the expected value of maximum utilities. Using the
assumptions of the nested logit model, the net consumer surplus, CS can be calculated by the following (Anderson
et al.,1992):
X

𝐶𝑆%' = 𝑙𝑛 1 +
§

(XYZ)
R
#©X 𝐷#

(22)

By following Hausman and Leonard (2002), we calculated three sources of consumer surplus: price, variety
and total consumer surplus. To compute the variety effect of CS, we used pre-removal prices and calculate the
change in consumer surplus within the remaining Non-Greek type yogurts. Since we hold the prices constant, the
obtained CS gives us the magnitude of the variety effect. To calculate the price effect, we used the pre-removal
and estimated counterfactual Nash prices of Non-Greek type yogurts then compare the changes by using Equation
(22) in CS.
The change in consumer surplus before and after the removal of Greek-type yogurt from consumer’s choice
set is summarized in Table 10. Based on the results, consumer surplus declined as 31 percent after the removal of
the Greek type yogurt.
Table 10. Changes in Consumer Surplus before and after the removal of Greek-type yogurt
Mean consumer surplus

CS (dollar per ounce)

W/Greek yogurt

w/o Greek
yogurt

∆ CS (Without
and with Greek
yogurt)

(%)Percentage
Change

0.0012

0.0008

-0.0004

-31.1469

The decline in the consumer surplus in the counterfactual experiment can be explained by the decrease in
variety, type, and brand from consumers’ choice set. When the Greek type yogurt is removed artificially from
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consumers’ choice set; the remaining firms increased their prices. Increase in price decreased in the variety and
options lead to a decrease in the consumer surplus.

Table 11. Decomposition of Consumer Surplus: variety and price effect
Mean Consumer Surplus

w/Greek

CS (dollar per ounce)

0.0012
(0.0001)

Price and Variety
Effect
0.0008
(0.001)

Variety Effect
0.0007
(0.0006)

*standard errors in parentheses

7. Concluding Remarks
In this paper, we consider the recent introduction and rise in popularity of Greek yogurt in the U.S. yogurt
industry and compute a counterfactual experiment to assess the market and welfare impacts. First, we adopt a
nested logit model and estimate the demand model; under the assumption of the firms' strategic behavior, we
estimate the supply side. The estimates from the demand model used for the computation of price elasticities and
markups. All type of yogurt products showed a high own-price elasticity. On the other hand, the substitutability
within Greek and Non-Greek yogurt is higher relative to across groups.
The welfare effects from the introduction of Greek-type yogurt is computed. Consumer surplus
enhancement is split into a variety, associated with the availability of new products that did not exist before; and
a price effect associated to the expected price reduction as a reaction of by all main competitors. While price effects
are sizeable, the variety effect is significant and existing products after the removal of Greek type yogurt not
perceived as substitutes in the market. The consumer surplus decreases by 31 percent in one year, given the
assumed potential market size.
The model specification contains some limitations. Demand elasticities crucially depend on the market
shares. The full random coefficients model suggested by BLP allows for more flexible and realistic substitution
patterns by taking into account consumer attributes. Also, additional information about advertising is expected to
be very important in the demand relation. Advertising efforts are substantial in the industry, and they can
fundamentally influence consumer’s decisions.
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