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Do Prices and Attributes Explain  
International Differences in Food Purchases?†

By Pierre Dubois, Rachel Griffith, and Aviv Nevo*

Food purchases differ substantially across countries. We use detailed 
household-level data from the United States, France, and the United 
Kingdom to (i) document these differences; (ii) estimate a demand 
system for food and nutrients; and (iii) simulate counterfactual 
choices if households faced prices and nutritional characteristics 
from other countries. We find that differences in prices and charac-
teristics are important and can explain some difference (e.g., United 
States–France difference in caloric intake) but generally cannot 
explain many of the compositional patterns by themselves. Instead, it 
seems an interaction between the economic environment and differ-
ences in preferences is needed to explain cross-country differences. 
(JEL D12, I12, L11, L66, Q11)

Food purchases differ across countries, within countries over time, and across 
demographic groups. These differences seem to be correlated with rates of excess 
weight gain and diet-related illness. Economists tend to attribute the difference in 
food purchases across markets to differences in prices. An alternative explanation 
is that they are due to inherent differences in preferences and eating habits. In this 
article we study the differences in food purchases and nutritional outcomes across 
countries, focusing on the United States, United Kingdom, and France.

We start by systematically documenting the differences in food purchases for con-
sumption at home between the United States, United Kingdom, and France. We 
show that US households purchase different foods from French and UK households. 
For example, US households purchase more calories per person. A greater percent-
age of those calories comes in the form of carbohydrates, and a lower share in the 
form of proteins. A higher share of expenditure is on drinks and prepared foods, and 
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a lower share is on fruits and vegetables. We also document substantial differences 
in prices and nutritional characteristics of foods across the three countries.

This leads to the main contribution of the article, which is to consider whether 
prices and nutritional characteristics can explain the observed differences in food 
purchases. To answer this question we develop and estimate a model of demand 
for food products and nutrients in each country. We estimate the model using 
household-level (home scanner) data that include detailed food purchases for an 
extended period for participating households in each of the three countries. The 
purchase data is merged with data on nutrient content at a disaggregated product 
level. We use the estimates to simulate the quantities and nutritional content of the 
food basket that US households would purchase if they faced the prices and food 
characteristics faced by households in France and the United Kingdom. This allows 
us to better understand how important differences in prices and nutritional attributes 
are in explaining differences in food purchases, as opposed to preferences or other 
factors. We consider this counterfactual scenario not necessarily because changing 
US prices and product attributes to those in France or the United Kingdom is a fea-
sible policy, but because we think it is informative in helping us to understand why 
the nutritional balance of households’ food baskets is so different across the three 
countries.1 We conduct the simulations for the average US household, but we also 
separately simulate the effect on two other groups that are of particular policy inter-
est: low income households and households that purchase more calories (per capita).

We find that, if faced with French prices and product attributes, the average US 
household would purchase substantially fewer calories: a similar level to the average 
French household when faced with the same environment. However, the composi-
tion of these calories would differ. The simulated change is mostly due to price dif-
ferences. If we change only the nutrient characteristics this has little impact on the 
amount of calories the average US household obtains, though it does affect the form 
of those calories, shifting them away from carbohydrates and towards proteins and 
fats. In contrast, when we simulate the average US household’s food basket with 
UK product attributes this has a substantial impact on reducing calories, whereas 
changing relative prices in fact increases calories. For some questions it can be mis-
leading to focus only on total calories. The simulations suggest that, even when the 
total calories purchased is not affected, the composition of macronutrients and food 
groups can change substantially.

The results suggest that, while the economic environment, as reflected in prices 
and attributes, can have a large impact on food purchases and the nutritional com-
position of the food basket, prices and attributes do not fully explain the observed 
differences. Price differences mostly explain the large difference in caloric intake 
between the average French and US household. However, nutrient characteristics are 
important when comparing to the United Kingdom, and differences in preferences 
and eating habits are generally quite important, and in some cases can offset the 
influences of the economic environment. For example, we find that UK households 
have healthier purchasing patterns than US households despite the prices and prod-
uct offering they face, not because of them.

1 For discussion of the wide range of policies to address obesity that are under consideration see, inter alia, Acs 
et al. (2007); Gortmaker et al. (2011); Griffith and O’Connell (2010); and Philipson and Posner (2008).
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There are several reasons to be interested in the differences in food purchases across 
the three countries. Of primary interest is the fact that the differences in nutritional 
characteristics are mirrored in a number of health outcomes. The National Research 
Council (2011) reports differences along a number of dimensions, most of which 
show that the United States has poorer health than the United Kingdom and France. 
For example, 36.4 percent of men aged 65+ in the United States report having heart 
disease compared to 28.8 percent in France and 32.2 percent in the United Kingdom; 
diabetes prevalence is 21.4 percent in the United States compared to 13.0 percent 
in France and 11.2 percent in the United Kingdom (Table 2-1 of National Research 
Council 2011). Obesity rates are also the highest in the United States at 30.0 percent, 
compared to 14.5 percent in France and 23.6 percent in the United Kingdom.2

Differences in obesity rates across countries, and implications for health outcomes, 
are due to many factors, including exercise and general lifestyle, but are likely to, at 
least in part, also be due to differences in food consumption patterns.3 More gener-
ally, nutrition is well understood to be an important determinant of health outcomes, 
leading to economic costs, including medical costs, lost productivity, and a reduc-
tion in the quality of life. For example, in the United Kingdom poor diet is estimated 
to account for about one-third of all deaths from cancer and cardiovascular disease, 
and the US Centers for Disease Control estimates that in 2008 medical costs related 
to obesity were as high as $147 billion (CDC 2011).

In order to address our main question, and to exploit the richness of our data, we 
develop a model of demand that nests models in product space and those in char-
acteristics space. To understand the need for this model consider two commonly 
used alternatives. The first approach is to model demand at a disaggregate product 
level—for example, demand for soft drinks—and assess the importance of prices 
and various characteristics. This approach will pin down preferences within nar-
rowly defined product groups but will not let us address questions of choice among 
product groups and differences in the overall food basket. Furthermore, narrowly 
defined products (i.e., brands) are very different across countries, creating problems 
with matching products across the countries. A second common approach would be 
to model demand for food at a much more aggregated level.4 However, this would 
not take advantage of the detailed information in our data, nor does it account for 
the differences across countries in the attributes of food offered; each food category 
would be assumed to be the same across all countries.

We instead propose a model in which a consumer chooses continuous quantities of 
each of a large number of products in order to maximize utility, which depends both 
on the characteristics of the products, as in Gorman (1980) and Lancaster (1966), and 
on the quantity consumed of each product. This model nests commonly used models 
in characteristics space, such as the discrete choice model (McFadden 1974; Berry, 
Levinsohn, and Pakes 1995), and the hedonic price model (inter alia Court 1939; 

2 See also Research Council (2013).
3 See also Abaluck (2011); Bleich et al. (2007); Bawa (2005); Chou, Grossman, and Saffer (2004); Duffey and 

Popkin (2011); French, Story, and Jeffery (2001); Drewnowski and Specter (2004); Finkelstein and Zuckerman 
(2008); Lakdawalla and Philipson (2002, 2009); Philipson and Posner (2003, 2008, forthcoming); Swinburn, 
Sacks, and Ravussin (2009).

4 For example, following this approach Deaton (1997) studies demand for food in developing countries, and 
Seale, Regmi, and Bernstein (2003) provide a descriptive analysis of differences in food consumption patterns 
across countries.
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Griliches 1961; Rosen 1974; Epple 1987). The model allows for the main features of 
classical demand systems over continuous quantities of many goods, while incorpo-
rating characteristics space and allowing for considerable unobserved heterogeneity. 
Thus, in principle, the model can generalize classical demand models in product space, 
such as Cobb-Douglas, Translog, or the Almost Ideal Demand Model, which typically 
rely on weak separability of preferences in order to make the analysis tractable. The 
model relaxes the weak separability assumption by creating an interaction between 
products through the characteristics they supply. In the application, in order to take 
the model to data across three countries we make functional form assumptions that are 
restrictive, in that they do not allow for income effects within households, and limit the 
extent to which price effects can be nonlinear or interact. In particular, we use a CES 
demand model to create a price index for groups of products and then assume the util-
ity from these groups of products follows a Cobb-Douglas model, which limits price 
and income effects relative to the Almost Ideal Demand Model and extensions of it.

Key to our analysis is the rich micro data we use. In each country we have a sample of 
several thousand households for whom we observe all purchases of food for consump-
tion at home; that is, we know the households’ entire food basket. We know precisely 
what product was bought, the quantity that was purchased, how much was paid, and 
crucially its nutritional content. We use data for 2005–2006. To facilitate cross-country 
comparison, and to make the estimation of demand tractable, we need to aggregate the 
data to similar categories of food items across countries. We specify a model of demand 
that explicitly aggregates from the individual product level and comes from a direct 
specification of the utility model. Our model yields a simple linear estimating equation, 
which relates expenditure on products to their nutritional content, and it allows us to 
control for rich patterns of heterogeneity using household-level fixed effects. This trac-
tability comes at a cost: for a given individual with a given draw of random parameters, 
the functional form of how income and prices affect quantity demands is very limited.

The variation over time and across households in the underlying available products 
(and their nutritional components) is key for our estimation. An endogeneity prob-
lem arises from the fact that quantities appear both in the dependent variable and as 
an explanatory variable in the quantity of nutrients purchased. To account for this 
endogeneity we use variation in the nutritional content of products available, which 
we assume is exogenous conditional on our controls. This idea is similar to using 
variation in product attributes to identify demand, which is popular in the industrial 
organization literature (Bresnahan 1981; Berry, Levinsohn, and Pakes 1995). To gen-
erate this variation we rely on the detailed nutrition information available in our data.

Our article is related to a literature that tries to attribute the differences in obesity 
over time and across markets to differences in prices. For example, Cutler, Glaeser, 
and Shapiro (2003) suggest that the decrease in the price of calories has increased 
caloric intake and contributed to the increase in obesity. Philipson and Posner (2003) 
also suggest that a change in price is a key driver of the increase in obesity, but focus 
on the price of burning calories, which has gone up over time.5 Neither of these 
papers provides direct evidence on the importance of the economic environment rela-
tive to other factors, such as the change in the nutritional content of food or difference 

5 In addition to the above papers, see also Goldman, Lakdawalla, and Zheng (2009) and Lu and Goldman (2010).
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in preferences. We are able to add to this literature by providing direct evidence on 
the economic determinants of the nutritional balance of households’ food basket.

Another closely related paper is Atkin (2013), who documents regional consump-
tion differences in India, and explores the origins of these differences, as well as their 
implications for nutrition. He introduces habit formation into an overlapping-genera-
tions general equilibrium model in order to study the causes and consequences of the 
regional taste differences. In his model, households develop tastes for locally abundant 
foods that they were fed as children. Over generations regional differences in pref-
erence and consumption arise endogenously through habit formation. He tests the 
predictions of the model using cross-regional migration data. He concludes, as we do 
for our setting, that an interaction between preferences and the environment is needed 
to explain observed regional differences. The context and identification strategies in 
the two papers are different, yet we reach similar conclusions. We believe that the 
fact that we reach similar conclusions to Atkin, studying different settings and using 
different methodologies, adds to the credibility of the findings.

In the nutrition literature, Drewnowski (2004) and Drewnowski and Specter 
(2004) show that energy dense foods—foods with more calories per unit of weight—
are negatively correlated with price per calorie. Similarly, Drewnowski et al. (2007) 
and Maillot et al. (2007) use French data to show that households who buy energy 
dense food baskets also tend to spend less on food. Based on these associations they 
conclude that relative price differences are a key cause to a poor diet. Our analysis 
differs in several significant ways. First, we have more detailed price and purchase 
data, along with nutritional information at a very disaggregated level (see Griffith 
and O’Connell 2009, for the importance of detailed data). Second, we can account 
for several macro nutrients, not just calories or calories per unit weight. Third, we 
estimate the causal effect of prices and characteristics on consumer choice. Finally, 
we are able to go further than simply considering the direction of change; we can 
simulate and quantify the effect of a change in prices and nutrients.

The structure of the rest of the article is as follows. The next section describes the 
data and provides an initial description of differences in the nutritional characteris-
tics of shopping baskets and behavior across countries. In Section II we develop a 
model of demand over products and characteristics. In Section III we estimate the 
model and discuss the implications of our estimates and simulations. A final section 
summarizes and concludes.

I.  Comparison of Food Purchases

A. Data

We use detailed data collected by market research firms using similar methodology 
in the United States, United Kingdom, and France. In France and the United Kingdom 
the data come from the Kantar (formerly known as TNS) WorldPanel, while in the 
United States the data were collected by Nielsen as part of the Homescan panel. These 
data include information on all food purchased and brought into the home by a large 
number of households over a two-year period (2005–2006); the data are recorded by 
households using handheld scanners in the home. We have information on quantities, 
prices, and characteristics of the products purchased at the level of the individual food 
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product, as defined by the barcode or what is called the Universal Product Code (UPC) 
in the United States. The characteristics include nutritional characteristics such as calo-
ries, proteins, fats, and carbohydrates, as shown on nutritional labels.6

Table 1 provides some descriptive statistics on the demographics of the sample of 
households we use in each of the three countries. These are a subset of all households 
in the data. We drop households that are outliers (as described in the Appendix). In 
the United States, Nielsen asks a subsample to report purchases of random-weight 
products, which are products that are not prepackaged and typically do not have 
a UPC. Random-weight items are common in fruit, vegetables, meat, and deli 
items. Since collecting information on random-weight products is time consuming, 
Nielsen asks only a fraction of its panelists to collect these data. The US sample we 
use are those households that reported random-weight purchases, and therefore the 
number of households in the United States is smaller than in the United Kingdom 
and France, despite having a larger overall sample.

Family structure, as measured by household size, number of kids and age, is similar 
across the samples from the three countries. In what follows we use the household as 
the unit of analysis. To control for difference in size and composition across households 
we use an adult equivalence scale based on caloric needs.7 We sum the daily caloric 
needs of each member of the household (based on age and gender) and divide by 2,500, 
which is the caloric needs of an adult male (19–59). We provide details in Section D in 
the Appendix. The sample average of this measure is also similar across the countries.

A key advantage of the detailed data is that they allow direct measurement of 
prices and characteristics of a substantial part of households’ food purchases. 
Precise information on prices and detailed attributes of the products allows us to 
estimate preferences. Estimates using more aggregated purchase data and coarse 
data on expenditures and prices provide much less accurate estimates of preference 
parameters. Panel data on households’ purchases also allow us to control for indi-
vidual heterogeneity in a rich way. Many standard sources of information on food 
purchases are cross-sectional, and therefore rely on cross-household differences for 
identification of preference parameters. Instead we rely mainly on within household 

6 The nutritional information is of the same form across the countries but it was collected somewhat differently in 
the three countries. In the United Kingdom the nutritional information was collected by Kantar from manufacturers, 
food labels, and by direct measurement. In the United States the data on purchases from Nielsen were matched with 
nutritional information from Gladson, and in France the nutritional information was collected directly from labels 
and public sources. The Data Appendix provides details on the construction of the data.

7 An alternative to the equivalence scale is the more general approach of Lewbel (1985) and Lewbel and Pendakur 
(2011), which takes into account observed and unobserved heterogeneity in equivalence scales.

Table 1—Demographics

France United Kingdom United States

Number of households 11,677 12,698 8,484
Household size 2.7 2.6 2.4
Number of kids 0.7 0.6 0.5
Adult equivalent 2.2 2.1 2.0

Notes: Numbers are averages across households in the sample used in subsequent analysis. 
Adult equivalent is a caloric needs scale: we sum the daily caloric needs of each household 
member (based on age and gender) and divide by 2,500.
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variation. Nonetheless, before proceeding with our analysis we should be up-front 
about several potential concerns with the data.

The data in all countries are collected by households themselves within the home, 
and as such might suffer from recording error. To document the extent of this problem 
Einav, Leibtag, and Nevo (2010) compare Nielsen Homescan data to information from 
cash registers of a retailer and find that in some dimensions the US data are indeed 
prone to error, but the amount of noise seems equivalent to that found in many datasets 
commonly used. For example, Bound and Krueger (1991) find that the variance of 
the log of the ratio of earnings reported in the Current Population Survey (CPS) with 
Social Security administrative is 0.114, while Einav, Leibtag, and Nevo (2010) find the 
variance of the log of the ratio of Homescan and retailer price is 0.139. In both studies 
the correlation between the reported and true variables is 0.88. Leicester and Oldfield 
(2009) compare the UK data to data from the Family Expenditure Survey and “suggest 
that problems of fatigue and attrition may not be so severe as may be expected.” We 
note that even if recording errors exist, as long as there is no systematic differences in 
reporting errors across the countries our findings should not be significantly impacted. 
In addition, the rich controls for heterogeneity we introduce in the econometric analysis 
will help to control for differences across households in recording.

Collecting the data is quite time consuming and therefore likely to generate a 
selection in who agrees to participate in the sample. Indeed, the demographics in 
Table 1 suggest that the households in the sample are smaller households, have 
fewer children, and are older than the respective national averages. However, the 
numbers in the table also suggest that the demographics of the sample participants 
are similar across the three countries.

The data we have do not include food purchases for consumption outside the home, 
for example, in restaurants. They are also purchase data, not consumption data, so 
do not reflect food that is wasted. These considerations could matter for some of the 
descriptive analysis, but largely they make the differences larger—the best estimates 
that we can find suggest that US households eat out more and waste more food than 
either French or UK households. In the simulations our main assumption is that 
behavior along these two dimensions remains unchanged; however, we consider 
what implications these considerations might have for our analysis in Section IIID.

B. Purchasing Patterns

We start by considering total food purchased.8 Table 2 describes total calories, 
nutrients, and expenditure, with all figures reported per day per adult equivalent. 
The first row reports the average across households of total calories purchased per 
person per day. The second, third, and fourth rows show the average amount of calo-
ries in terms of each of the three macronutrients (carbohydrates, proteins, and fats), 
the fifth, sixth, and seventh row show the average amount of each macronutrient in 
terms of grams, and the final row shows average household expenditure on food per 
person per day in US$.

8 We will use the terms “purchases” and “consumption” interchangeably. Our data record purchases, which we 
will assume equals consumption. In reality, some food might be thrown away without being consumed, or it might 
be consumed by someone who is not a member of the household.
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There are some striking differences. US households purchase more calories per 
person. This is even more striking given the higher propensity to eat food out in 
the United States. In terms of the balance of macronutrients the United States and 
United Kingdom, households are similar on aggregate, but comparing the United 
States to the French the extra calories are in the form of carbohydrates. French 
households purchase both a larger amount and higher share of their calories in the 
form of proteins and fat. Average spending on food is higher in France than in the 
United States or United Kingdom.

These broad patterns hold not just at the mean, but at other parts of the distribution 
as well. For example, in the counterfactual analysis we compare low income house-
holds, and also households that are at the top of the calorie consumption distribution.

The recommended percentage of energy consumed in the form of each macronu-
trient that is consistent with good health are roughly similar across the three coun-
tries.9 The figures in Table 2 suggest that the French are the most out of line with 
the guidelines. However, we should be careful in making this inference since these 
figures do not include food consumed at restaurants.

To further study the cross-country differences we look at how these purchases are 
divided between nine broad food categories. The categories are commonly used by 
the USDA for descriptive analysis and were chosen for their nutritional characteris-
tics; foods within each category share a similar nutrient composition. The Appendix 
(Section D) details what products are included in each category.

Table 3 reports average household expenditure, expenditure shares, and Table 4 
reports average quantities across the nine food categories. There are considerable 
differences in expenditure by food category across the countries. The UK and US 
expenditure patterns are more similar, while the French numbers are different. The 
average French household spends less on processed food, such as drinks and pre-
pared foods, and more on basic ingredients such as meats, dairy, fruits, and veg-
etables, both in dollar terms and as a fraction of overall expenditure. The average 
UK and US household spends less than French households on meats, and the United 

9 The French government agency coordinating nutrition information and policy, Programme National Nutrition 
Santé-Afssa (2002) recommends 50–55 percent carbohydrates, 11–15 percent protein and 30–35 percent fats. The 
UK Department of Health (1991) recommends 50 percent, 15 percent, and 35 percent, while the US Guidelines, 
available at http://www.health.gov/dietaryguidelines/dga2010/DietaryGuidelines2010.pdf, recommend 45–65 
percent carbohydrates, 10–30 percent protein, and 25–35 percent fat.

Table 2—Mean Consumption across Countries

France United Kingdom United States

Calories 1,776.6 1,928.9 2,102.7
  from carbohydrates 667.4 (38 percent) 890.5 (47 percent) 1,019.3 (49 percent)
  from protein 287.9 (16 percent) 293.3 (16 percent) 264.9 (13 percent)
  from fats 821.0 (46 percent) 694.5 (37 percent) 781.6 (37 percent)
Carbohydrates (g) 178.0 237.5 271.8
Proteins (g) 72.0 73.3 66.2
Fats (g) 91.2 77.2 86.8
Expenditure ($) 5.03 4.71 4.59

Notes: Figures reported are the average per person per day using an adult equivalent scale over 
2005–2006. Expenditure is in US$ using an exchange rate of £1 = $1.80 and €1 = $1.25.

http://www.health.gov/dietaryguidelines/dga2010/DietaryGuidelines2010.pdf
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Kingdom spend more on grains, while the average US household spends less on 
dairy and more on drinks and prepared foods.

Table 4 presents quantities, measured in kilograms.10 The numbers in these col-
umns present a slightly different picture than the expenditure numbers. The US and 
UK consumption patterns are now quite different. For example, price differences 
across countries (discussed in the next section) explain why the French spend much 
more on meat but purchase a similar quantity to US households. Generally, the 
French tend to purchase less processed food, such as drinks and prepared foods, and 
more basic ingredients such as meats, dairy, and vegetables. This is especially true 
compared to the US purchasing patterns. The UK and US purchasing patterns are 
more similar, but even here there are differences, with the average UK household 
consuming more vegetables, grains, and dairy, and the average US household con-
suming more meat and drinks.

10 Here, and elsewhere, we measure quantities in kilos, which should be innocuous when comparing similar 
products but can lead to difficulties when aggregating across diverse products. Ideally, we could measure quantities 
in “servings,” but our data do not allow us to do this.

Table 3—Expenditure by Category

Expenditure ($ per qtr) Exp. shares (percent)

Category France UK US France UK US

Fruits 29.65 42.34 34.54 6.6 9.3 8.1
Vegetables 44.22 46.13 34.43 9.7 10.4 7.9
Grains 25.33 34.31 30.97 6.0 8.4 7.8
Dairy 74.90 53.55 38.85 16.7 12.7 9.5
Meats 147.53 80.00 80.78 31.0 18.3 19.0
Oils 15.14 8.81 7.96 3.3 2.0 1.9
Sweeteners 5.85 4.30 5.54 1.4 1.1 1.4
Drinks 26.81 24.38 41.44 5.9 5.8 10.1
Prepared 96.35 138.98 151.48 21.2 32.7 36.1

Notes: Figures are the mean of the distribution across households and quarters and are per per-
son per quarter using an adult equivalent scale, conditional on strictly positive expenditure in 
that category in that quarter. Expenditure is in US$ using an exchange rate of £1 = $1.80 and 
€1 = $1.25.

Table 4—Quantity by Category

Quantity (kilo per qtr) Calorie share (percent)

Category France UK US France UK US

Fruits 14.6 14.0 17.2 4.5 4.5 5.3
Vegetables 18.2 20.2 14.0 5.3 6.0 3.0
Grains 6.7 13.4 8.8 14.3 19.8 14.3
Dairy 25.7 27.9 20.7 17.2 12.8 9.3
Meats 14.2 11.1 14.7 16.6 13.2 16.1
Oils 3.1 2.1 2.2 13.1 6.8 6.6
Sweeteners 2.4 2.4 2.6 5.1 4.9 4.4
Drinks 43.4 17.4 50.0 3.5 2.0 5.9
Prepared 16.4 26.2 30.0 22.8 31.2 38.0

Note: Figures are the mean of the distribution across households and quarters and are per per-
son per quarter using an adult equivalent scale, conditional on strictly positive expenditure in 
that category in that quarter.
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In the final three columns we look at the share of calories from each food cat-
egory. We see some of the same broad patterns as before. The French continue to be 
somewhat different, purchasing a larger fraction of their calories from vegetables, 
dairy, and meat, and less from prepared foods. This will serve as a key motivation 
for our analysis below: differences in the prices might explain the differences in 
the quantity of prepared food purchased, but to fully understand the health implica-
tions we need to account for the differences in the nutrient content of prepared food 
between the United Kingdom and United States.

The numbers in Tables 3 and 4 give us a first indication of the importance of dif-
ferences across countries in both prices and the nutrient content of food. Consider 
the expenditure shares. They tell us something about differences in preferences 
across countries. Indeed, if we considered a simple Cobb-Douglas utility function 
these shares would be the preference parameters. However, by looking at the dif-
ferences between quantities and expenditures—for example, between the United 
States and United Kingdom—we get a first indication of the importance of prices: 
similar expenditure shares can translate into quite different quantities purchased, 
and, thus, into quite different nutritional outcomes. Similarly, the differences in 
calorie shares suggest that it is important to control for differences in nutrient 
content across countries.

C. Prices and Product Attributes

In this section we document some of the differences in prices and nutrition 
attributes across countries that we saw indirectly in Tables 3 and 4. Table 5 
describes the average price per kilo in each product category. With a few excep-
tions the US prices are the lowest and the prices in France the highest. If we hold 
the quantities fixed at the levels of Table 4 the US expenditure would increase by 
14.4 percent and 13.9 percent if paying the UK and French prices. On the other 
hand, French expenditure would decrease by 13.3 percent and 2.2 percent if the 
French paid US or UK prices. The UK expenditure would decrease by 4.3 percent 
if paying US prices but would increase by 12.7 percent if paying French prices. 
However, note that relative prices do not all go the same way, the relative prices 
differ across categories (for example, fruit is cheapest in France, while meat is 
cheapest in the United States), and this will lead to important differences in our 
simulations.

The differences in relative prices are consistent with some of the differences 
we saw in Tables 3 and 4, but it is clear that prices do not tell the whole story. 
For example, US households purchase more fruit and fewer vegetables than the 
United Kingdom, consistent with the lower relative price of fruit in the United 
States and lower price of vegetables in the United Kingdom. On the other hand, 
the relative price of drinks in the United States is somewhat higher than in France, 
even though the US households purchase slightly more (50 versus 43).We have 
to be a little careful in this comparison, since it could be driven by composition 
effects.

The nutrient characteristics of foods on offer and purchased also vary. In Table 6 
we show the mean nutrient content of the food products by category in each coun-
try. As before, the differences across countries could at least in part be driven by 
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composition effects. For example, the lower carbohydrate content in French drinks 
is due to the fact that French households buy more water. One way around this is to 
zoom in on more disaggregated products. An alternative, which we think might be 
more meaningful here, is to focus on the difference in offerings. We do that by pre-
senting in Table 6 an unweighted average of all the products we ever see purchased 
by households in our sample. In other words, we take the universe of all products 
ever purchased by any of the households in our sample and keep one observation for 
each. This does not totally eliminate the impact of choice, since the product needs to 
be bought at least once, but it significantly reduces it.

We see large differences across countries. For example, the meat products that 
US households buy have on average much more fat and carbohydrate than the 
meat products that French households purchase, which are more protein intensive. 
Another example: we saw above that the higher fraction of calories from prepared 
foods in the United States is consistent with prepared foods in the United States 
being more calorie dense relative to UK prepared foods. The difference in calories 
from prepared foods seems to come from the differences in carbohydrates and fats. 
Drinks are also much more carbohydrate intense in the United States than in the 
United Kingdom, and even more than in France. The differences across countries 
remain even if we focus on more narrowly defined products.

Table 6—Calories from Each Nutrient by Category

Carbohydrates Protein Fat
France\UK\US France\UK\US France\UK\US

Fruits 87\68\70 3\5\2 8\7\1
Vegetables 39\38\49 20\22\13 76\85\7
Grain 211\129\227 34\22\38 96\20\36
Dairy 18\22\29 71\57\48 188\166\130
Meats 5\21\30 76\72\66 120\129\206
Oils 2\7\6 11\3\2 678\602\671
Sweeteners 305\307\345 3\4\0 0\1\0
Drinks 27\34\69 1\4\2 1\4\5
Prepared 126\95\194 24\23\22 127\88\117

Notes: Figures are means across all products purchased in our sample, with an equal weight to 
each food product (UPC). Units are calories from each nutrient (carbohydrates, proteins, fats) 
per 100 grams of food.

Table 5—Mean Prices by Category

France United Kingdom US

Fruits 2.09 3.21 2.12
Vegetables 2.53 2.32 2.64
Grain 3.89 2.63 3.73
Dairy 3.26 2.22 2.48
Meats 10.33 7.29 5.88
Oils 5.19 3.97 4.47
Sweeteners 2.79 2.38 4.61
Drinks 0.89 2.50 1.56
Prepared 6.04 5.43 5.13

Note: Units are US$ per 1 kilogram using an exchange rate of £1 = $1.80 and €1 = $1.25.
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II.  A Model of Demand

As we saw in the previous section there are cross-country differences in the choices 
households make and in the prices and product offerings they face. Our aim is to inves-
tigate the extent to which cross-country differences in purchases are attributable to 
differences in prices and the attributes of products (the economic environment). One 
could address this question by estimating disaggregate product level demand, say, by 
using methods that are standard in the industrial organization literature (see, inter alia, 
Berry, Levinsohn, and Pakes 1995; and Nevo 2000), and simulating the purchases if 
a household faced different prices and characteristics. This approach does not let us 
address questions of choice among product groups, does not take advantage of the 
coverage of our data, and is problematic since narrowly defined products (i.e., brands) 
are very different across countries and therefore hard to match.

Instead, we model demand for food at home more generally at an aggregated 
level, for example, at the level of the nine categories we used in the previous sec-
tion. We allow preferences to depend on characteristics, nutrients in our case, in 
order to account for the differences across countries in the attributes of each food 
category. The model we use builds on Gorman (1980) and Lancaster (1966), where 
utility depends on the characteristics of the product. Special cases of the charac-
teristics model are the discrete choice model (McFadden 1974; Berry, Levinsohn, 
and Pakes 1995), and the hedonic price model (Court 1939; Griliches 1961; Rosen 
1974; Epple 1987, as well as many others).

As noted by Gorman (1980), one constraint of the pure characteristics model is 
that it predicts that the number of goods purchased will not exceed the number of 
characteristics. In a discrete choice setting this is not a constraint, since the con-
sumer chooses a single option. The same is true for the hedonic setting, where the 
consumer chooses a single option from a continuum of choices (or from a discrete 
choice set as in Bajari and Benkard 2005). However, in many settings, of which the 
one we examine below is an example, consumers choose from a discrete menu of 
products but choose many products. The key is that the number of products cho-
sen exceeds the number of observed characteristics. In the characteristics approach 
this can be explained by introducing product specific attributes. As we will see this 
essentially amounts to going back to a “standard” demand model where utility is 
defined in product space. The model we propose can nest standard models in char-
acteristics space as well as demand models in product space.

A. Theory

A household11 chooses from N products, where product n is characterized by 
C characteristics {​a​n1​, … , ​a​nC​}. We primarily have in mind cases where C is smaller 
than N, in some cases much smaller. The utility of household i with demographics ​
η​i​ is given by U(​x​i​ , ​z​i​ , ​y​i​; ​η​i​) where ​x​i​ is the numeraire, ​z​i​ is a C × 1 vector of charac-
teristics of food and ​y​i​ is a vector of the quantities purchased of all food products by 
household i. Define the N × C matrix A ≡ {​a​nc​​}​n=1, … , N, c=1, … , C​ . The household will 

11 As we saw in the previous section the data are at the household level. To match this we formulate the model as 
a choice by a household with a well defined utility function. We abstract from issues of intrahousehold interactions.
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maximize utility by choosing the quantity of the numeraire, ​x​i​, and of food items, ​y​i​,  
subject to a budget constraint:

 	​  max   
​x​i​ , ​y​i​

 ​ U (​x​i​ , ​z​i​ , ​y​i​; ​η​i​)

 	  s.t. ​ ∑​ 
n=1

​ 
N

  ​ ​y​ in​ ​p​n​  + ​ p​0​ ​x​i​  ≤ ​ I​i​ ;  ​  z​i​  = ​ A​ ′​ ​y​i​ ;  ​  x​i​ , ​y​ in​  ≥  0,

where ​p​n​ is the price of one unit of ​y​ in​ , ​I​i​ is the household’s income, and ​p​0​ is the 
price of the outside good ​x​i​ .

Following standard arguments (and dropping the i subscripts) this can be written as

 	​  max   
y
  ​ U ​( ​ I − p′ y

 _ ​p​0​ ​  , ​A​ ′​ y, y )​

 	  s.t. ​ y​n​  ≥  0.

Assuming that quantities { ​y​n​​}​ n=1​ N
  ​ are continuous, the first-order conditions are

 	​  ∑​ 
c=1

​ 
C

  ​ ​a​nc​ ​ 
∂U _ 
∂ ​z​c​

 ​  − ​  ∂U _ 
∂ x

 ​ ​ 
​p​n​ _ ​p​0​ ​  + ​  ∂U _ 

∂ ​y​n​
 ​  =  0    if  ​  y​n​  >  0.

The model we propose nests various models considered in the literature: discrete 
choice and hedonics on one hand and demand models in product space on the other. 
First, suppose the utility function is U(x, z), which is the case in discrete choice models 
or in hedonic models. Because the transformation from products to characteristics is 
linear and in this case ∂U/∂ ​y​n​ = 0, at most C of the N products would be purchased. 
If we restrict ​y​n​ ∈ {0, 1} and ​∑​ n=1​ 

N
  ​ ​y​n​ ≤ 1, the model collapses to the standard discrete 

choice model. In general, the prediction that at most C products are purchased is a 
problem since we would like to consider cases where the number of products chosen 
is (much) greater than the number of observed characteristics.

Alternatively, if the utility function is U(x, y) then we can generate standard 
demand systems in product space, such as Cobb-Douglas, CES, Translog, and the 
Almost Ideal Demand System. Once we allow for a characteristic that is product 
specific then a model in characteristics space is equivalent to a model in product 
space, as long as the characteristics do not vary over time or markets. Note that 
we need more than just different values on a small number of unobserved charac-
teristics, but a totally different characteristic that can only be obtained from each 
product. A model with such a large number of characteristics would be intractable in 
many applications, where the number of products considered is large, thus generat-
ing a serious dimensionality problem. In addition, for our purpose, a model in only 
product space would not allow us to incorporate differences in the characteristics 
and availability of products across countries.

To better understand the role of the characteristics in our model we can rewrite the 
first-order conditions for n such that ​y​n​ > 0 as

 	​  
∂U/∂ ​y​n​

 _ 
∂U/∂ x

 ​   = ​ 
​p​n​ _ ​p​0​ ​  − ​ ∑​ 

c=1
​ 

C

  ​ ​a​nc​ ​ 
∂U/∂ ​z​c​

 _ 
∂U/∂ x

 ​ .
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Consider the case where characteristics do not enter the utility, i.e., ∂U/∂ ​z​c​ = 0. The 
first-order conditions, in this case ​ 

∂U/∂ ​y​n​ _ ∂U/∂ x ​ = ​ ​p​n​ _ ​p​0​ ​ , implicitly define the demand cor-
respondence. Indeed, under invertibility conditions, we can write the (Marshallian) 
demand function as Q(p; ​η​i​). A similar idea applies in our model. Demand 
depends on the hedonic prices of each good instead of prices. The hedonic prices, 

​ ​p​n​ _ ​p​0​ ​ − ​∑​ c=1​ 
C
  ​ ​a​nc​ ​ 

∂U/∂ ​z​c​ _ ∂U/∂ x ​ , depend on the marginal utility of the consumer from the 

characteristics. Indeed if ​ 
∂U/∂ ​z​c​ _ ∂U/∂ x ​ are constants then one can simply plug the hedonic 

prices in the demand function in lieu of prices. If the marginal utility from a charac-
teristic is positive then a consumer will adjust the price downward. In other words, 
if two products have the same price but one has more of a characteristic, with a posi-
tive marginal utility, then the effective price to the consumer will be lower for the 
product with the higher value of the characteristic.

We focus on a particular functional form for utility. We divide the large number 
of products into J food groups each with ​K​j​ products for each group j ∈ ​{ 1, … , J }​ .  
Each product n is now labeled k j if it is the k th food item of food group j (where  
k ∈ ​{ 1, … , ​K​j​ }​). We do this in order to keep the model tractable, and to work at a level 
of products that are readily comparable across countries, but we base the food group on 
conceptually sound aggregation from the individual items. The aggregation assumptions 
are thus transparent, and we can assess which parameters can (and cannot) be identified. 
There is conceptually no problem with working at a lower level of aggregation; it is an 
economic question of what level is most meaningful for the particular application.

We assume that utility is given by

(1) 	  U (​x​i​ , ​z​i​ , ​y​i​; ​η​i​)  = ​ ∏​ 
j=1

 ​ 
J

  ​ ​​(  ​∑​ 
k=1

​ 
​K​j​

 ​ ​f​ik j​ ​( ​y​ik j​ )​ )​​
​μ​i j​

​ ​∏​ 
c=1

​ 
C

  ​ ​h​ic​ ​( ​z​ic​ )​ exp ​( ​γ​i​ ​x​i​ )​ ,

where ​γ​i​ is the marginal utility of income, ​z​ic​ = ​∑​ j=1​ 
J
  ​ ​∑​ k=1​ 

​K​j​
  ​ ​a​k jc​  ​y​ik j​ , and ​f​ik j​ ​( ​y​ik j​ )​ and  

​h​ic​​( ​z​ic​ )​ are individual specific utility functions that give the utility from products 
within a food group and the utility from nutrients, respectively. If we assume that  
​h​ic​​( ​z​ic​ )​ = ​z​ ic​ ​β​c​​ then the utility from food groups and nutrients is Cobb-Douglas. The 
utility from products within a group can take different forms. One particular func-
tion that is easy to work with is the CES function ​f​ik j​ ( ​y​ik j​  ) = ​λ​ik j​  ​y​ ik j​ 

​θ​i j​
 ​ .

This specification of utility allows for a great deal of heterogeneity across goods 
and individuals. However, a serious limitation of the specific functional forms, 
relative to more flexible continuous demand system models, is that the way that 
income and prices affect quantity is limited. Expenditures on each food group will 
depend on individual parameters but will not vary with an individual’s income. In 
the estimation we can control for heterogeneity across consumers in income, but 
the functional form imposes restrictive income effects within a consumer as income 
changes. Similarly, the model limits the nonlinearities in price effects. As we will 
see below, while restrictive in limiting nonlinearities and interaction terms in prices 
and income, this functional form facilitates both aggregation across goods, and a 
tractable linear estimation equation that allows for the inclusion of substantial unob-
served heterogeneity using a large number of fixed effects.
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The way we define utility from products follows a long tradition in demand analy-
sis of assuming weak separability across product groups when defining consumer 
preferences (Gorman 1959, and follow-up work). Denoting the vector of products ​
y​i​ = ​( ​y​i1​, … , ​y​iJ​ )​ where ​y​ ij​ = (​y​ij,1​, … , ​y​ij,​K​j​​ ), we assume that the utility function sat-
isfies U(​x​i​ , ​z​i​ , ​y​i​ ; ​η​i​) = U(​x​i​ , ​z​i​ , ​W​1​​( ​y​i1​ )​, … , ​W​ J​​( ​y​iJ​ )​; ​η​i​), where ​W​ j​ ​( · )​ are subutilities 
that are a function of the subvector ​y​ i​ 

j​. Without taste for overall nutrition characteris-
tic ​z​i​, the utility function would be weakly separable across groups. However, enter-
ing characteristics into the utility function directly breaks this weak separability and 
generates more general preferences over products. We have a functional form which 
is weakly separable across groups conditional on indices ​A​ ′​ y. We impose a sort 
of “characteristic contingent weak separability” across groups, because demand is 
weakly separable across bundles of goods ​y​ j​ for vectors ​( ​y​1​, … , ​y​ J​ )​ in the sets Y(​z​0​)  
= ​{ y | ​A​ ′​ y = ​z​0​ }​ for any vector of values of characteristic ​z​0​. Products from different 
food groups that have a nonzero amount of a characteristic will interact with each 
other through the utility from the characteristic, and not just through the group subu-
tilities. This allows for a tractable way to relax the weak separability assumption.

The effect of relaxing weak separability is related to the concept of latent sepa-
rability in Blundell and Robin (2000). However, our model is not nested within, 
nor does it nest, latent separability. In latent separability the subutilities, ​W​ j​ ​( · )​, are 
defined over vectors ​​ y ​​j​ of size N, where ​∑​ j=1​ 

J
  ​ ​​ y ​​j​ = ​y​j​ . The subutilities can be thought 

of as utilities from various (latent) activities, each of which require a (nonexclusive) 
subset of the products. The total amount of each product consumed is a summation 
over the amount required for each activity. Weak separability is broken because 
products from different groups can interact through different subutilities. As here, 
weak separability is generalized. However, the way weak separability is generalized 
in Blundell and Robin (2000) is different from our model.

Maximizing utility subject to budget constraint yields the following first-order 
conditions:

 	​  μ​i j​ ​ 
​f ​ ik j​ ′  ​ ​( ​y​ ik j​ )​ ​y​ ik j​

 _ 
​∑​ 

l
  ​ 
 

  ​ ​f​i jl​ ​( ​y​ilj​ )​
 ​  + ​ ∑​ 

c
  ​ 
 

  ​ ​a​k jc​  ​y​ ik j​ ​ 
​h​ ic​ ′ ​ ​( ​z​ic​ )​ _ 
​h​ic​ ​( ​z​ic​ )​

 ​  = ​ γ​i​ ​ 
​p​ k j​

 _ ​p​0​ ​ ​y​ ik j​ .

Summing the first-order conditions over k for a given j :

 	​  μ​i j​ ​ 
​∑​ 

k
  ​ 
 

  ​ ​f ​ ik j​ ′  ​ ​( ​y​ ik j​ )​ ​y​ ik j​

  _  
​∑​ 

k
  ​ 
 

  ​ ​f​ik j​ ​( ​y​ ik j​ )​
 ​   + ​ ∑​ 

c
  ​ 
 

  ​ ​ 
​h​ ic​ ′ ​ ​( ​z​ic​ )​ _ 
​h​ic​ ​( ​z​ic​ )​

 ​ ​∑​ 
k
  ​ 
 

  ​ ​a​k jc​ ​y​ ik j​  = ​ γ​i​ ​∑​ 
k
  ​ 
 

  ​ ​ 
​p​ k j​

 _ ​p​0​ ​ ​y​ ik j​ .

Using ​f​ik j​ ( ​y​ ik j​)  =  ​λ​ik j​  ​y​ ik j​ 
​θ​i j​

 ​ and ​h​ic​​( ​z​ic​ )​  =  exp(​β​c​ ​z​ic​), this expression can be  
simplified to

(2) 	​  ∑​ 
k
  ​ 
 

  ​ ​p​ k j​  ​y​ ik j​  = ​ p​0​ ​ 
​μ​i j​ ​θ​i j​

 _ ​γ​i​ ​   + ​ ∑​ 
c
  ​ 
 

  ​ ​p​0​ ​ 
​β​c​ _ ​γ​i​ ​ ​∑​ 

k
  ​ 
 

  ​ ​a​k jc​  ​y​ ik j​ .

Moving to the empirical specification we introduce a time subscript t as we are 
using panel data. Quantities and prices vary over time, and as prices for a unique 
good may vary across markets we also introduce an individual subscript to price.
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B. Estimation

Our estimating equation comes directly from equation (2). This allows us to 
define the error term from the theory and directly introduce unobserved heteroge-
neity of preferences. Following the recent literature in industrial organization, we 
assume one of the characteristics, indexed c = 1, is unobserved. Introducing a time 

subscript t and city subscript r, let ​p​0​ ​ 
​μ​i j​ ​θ​i j​

 _ ​γ​i​  ​ + ​p​0​ ​ 
​β​1​ _ ​γ​i​ ​ ​∑​ k​ 

 
 ​ ​a​k j1​ × ​y​ ik jt​ = ​δ​i j​ + ​ξ​ jrt​ + ​ε​i jt​ . 

We normalize ​p​0​ = 1 and ​γ​i​ = 1. The normalization of the price of the outside good ​
p​0​ will have to be taken into account when we consider counterfactual experiments 
that change real versus nominal prices. We return to this point below.

Our estimating equation is

(3) 	​  w​i jt​  = ​ ∑​ 
c
  ​ 
 

  ​ ​β​c​ ​z​i jct​  + ​ δ​i j​  + ​ ξ​ jrt​  + ​ ε​i jt​ ,

where ​w​i jt​ = ​∑​ k​ 
 
 ​ ​p​ ik jt​  ​y​ ik jt​  is the expenditure on food group j by household i at period t, 

and ​z​i jct​ = ​∑​ k​ 
 
 ​ ​a​k jct​  ​y​ ik jt​ is the amount of nutrient c household i gets from group j at t.

The combined error term, ​δ​i j​ + ​ξ​ jrt​ + ​ε​i jt​ , captures elements of preferences and 
the environment. One could imagine that preferences for food groups vary across 
households. For example, some households might derive more utility from vegeta-
bles than other households. The household-category effects, ​δ​i j​ , are meant to capture 
this. In addition, the products could have an unobserved attribute that varies over 
time and places. For example, fruit might be of higher quality during the summer 
months, and this may vary across cities.12 The category-quarter-city effects, ​ξ​ jrt​ , will 
capture this. Finally, the term ​ε​i jt​ will capture interactions between these effects and 
could include preference shocks (if preferences are not fixed over time, or if these 
shocks are, for example, due to changes in unobserved physical activity) and varia-
tion over time in the unobserved characteristic.

If ​ε​i jt​ includes either (changes in the) unobserved characteristics of the goods or 
preference shocks it will likely impact the choice of quantities of products chosen. 
This raises a potential concern about endogeneity of the nutrient, ​z​i jct​ . Even if we 
allow for household-category, ​δ​i j​ , and category-city-time, ​ξ​ jrt​ , fixed effects, there 
remain shocks ​ε​i jt​ at the household-category-time level that might be correlated with 
quantity choice and, hence, with ​z​i jct​ .

To see the problem, assume that ​K​j​ = 1, i.e., there is a single product within each 
category, and for simplicity assume that there is a single nutrient, say, carbohy-
drates. The estimating equation becomes

 	​  p​i jt​  ​y​ i jt​  =  β ​a​jct​ ​y​ i jt​  + ​ δ​i j​  + ​ ξ​ jrt​  + ​ ε​ i jt​ .

In words, we regress the expenditure of product j on the carbohydrates from prod-
uct j. Consider the variation in the quantity of carbohydrates. This will in part be due 
to changes in ​y​i jt​ and in part due to changes in ​a​jct​ . As we discussed above, the error 

12 In the United States we use Metropolitan Statistical Areas (MSAs) to identify cities, in the United Kingdom 
we use NUTS3 (these are upper-tier authorities or groups of lower-tier authorities which correspond to cities and 
large towns), and in France we use departments.
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term ​ε​i jt​ consists of random preference shocks and of variation in the utility from 
unobserved attributes, which will likely be correlated with ​y​i jt​ . Therefore, it is quite 
likely the quantity of carbohydrates from product j, ​z​i jct​ , will be endogenous.

To account for endogeneity of the zs we exploit the variation of available prod-
ucts, and their prices and attributes, due to exogenous reasons. The variation in 
products and their attributes can be due to entry or exit of products or to changes in 
the market structure, say, due to entry and exit of stores. We have a very rich set of 
controls in the model that account for heterogeneity in preferences, so when we say 
that available products are exogenous, we mean that they are exogenous conditional 
on the controls. For example, whether a particular product is offered is likely cor-
related with the preferences of households in the market. However, we are able to 
control for these preferences and look at the effect of changes in product attributes.

The linearity of the estimating equation implies that we can use standard linear 
panel and instrumental variable (IV) methods. A key challenge for us is how to 
generate individual variation in the instruments. Ideally we would observe the 
actual availability of products in the stores where the household shops, and use 
this availability as an IV. Unfortunately, we observe only products that are actually 
purchased by some households in our data and not the complete set of available 
products. We therefore approximate the nutrients of products available to each 
household by computing the (unweighted) average nutrient content of products 
purchased, in that category and quarter, by households in a “reference” group. We 
use the unweighted average to avoid correlation between the error term and the 
measured nutrient intakes through quantities. If we used an unweighted average 
this would weight products by the frequency of purchase, which could be related 
to the unobserved shocks and so could generate correlation between the quantity 
of unobservable characteristics (the error term) and the quantity of observed nutri-
ents that is used in the regression.

In order to define the reference group we compute for each household the retailer 
where they shop for each category most frequently. We then define the reference 
group as other households in the local area who do their shopping in the same retail 
chain. Note that the reference group for each household will vary by category. We 
then compute an (unweighted) average nutrient content of products bought by mem-
bers of the reference group. We think of this as the average nutritional content of 
the products in the household’s choice set. This variable will vary by household, 
category, and time, and as we will see below is highly (conditionally) correlated 
with the endogenous variable. Our identifying assumption is that the variation in 
this average, conditional of the household-category and category-time fixed effects, 
is uncorrelated with the error term.

Formally, denote by ​A​h(i) jt​ the choice set of products in category j for household 
type (the “reference” group) h(i) in period t. We use the average nutritional content 
of the choice set, ​ω​h(i) jct​ = ​  1 _ #​A​h(i  )  jt​

 ​ ​∑​ k∈​A​h(i) jt​
​  

  ​ ​a​k jc​ , as instrumental variables. Note that 

these variables, one for each nutrient, will depend on the definition of i ’s reference 
group h(i) and vary across periods, household type h(i) and category because of the 
variations in the choice set ​A​h(i) jt​ . Our identifying assumption is that for c = 1, … , C

 	  E ​( ​ε​i jt​ | ​ω​h(i )  jct​ , ​δ​i j​ , ​ξ​ jrt​ )​  =  0.
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It requires that, conditional on household-category and category-period fixed 
effects, (i) ​ε​i jt​ is not correlated with which products (UPCs) are bought by same 
type of households, and (ii) that the (changes) in the unobserved characteristic of 
category j, ​a​k j1​, is uncorrelated with other characteristics ​a​k jc​ . As we will see below, 
these instrumental variables ​ω​h(i ) jct​ are highly correlated with ​z​i jct​ = ​∑​ k∈​A​h(i )  jt​

​  
  ​ ​a​k jc​ ​y​ik jt​ ,  

and, thus, are quite powerful instruments.

III.  Empirical Results

A. Demand Estimates

In Table 7 we report the estimated coefficients for the demand equation described 
by equation (3), estimated separately for each country. An observation in the 
estimation is a household-category-quarter, where we define the nine categories 
as in Section II and describe them in the Appendix. The dependent variable in all 
the regressions is the expenditure in dollars per adult equivalent for a household 
in a quarter and category. We include the three macro-nutrients—carbohydrates, 
proteins and fats—all measured in kilograms. Data limitations do not allow us to 

Table 7—Demand Estimates: Preferences for Nutrients

OLS—Fixed effects IV—Fixed effects

France UK United States France UK United States

Carbohydrates 3.483*** 2.919*** 1.313*** 1.213** 1.716*** 1.517***
(0.209) (0.170) (0.261) (0.508) (0.216) (0.284)

Proteins
  Dairy and meat 37.09*** 27.20*** 26.67*** 24.78*** 18.37*** 19.64***

(1.001) (0.375) (1.729) (3.357) (1.401) (3.035)
  Prepared 46.96*** 46.12*** 59.18*** 16.38* 19.20*** 51.77***

(1.897) (0.958) (2.394) (9.380) (4.927) (2.816)
  Other 19.88*** 18.13*** 19.42*** 2.243 2.887* −1.088

(2.335) (1.648) (4.880) (4.482) (1.474) (1.884)

Fats
  Dairy and meat 8.377*** 6.431*** −1.736 1.942 1.312* 1.113

(0.648) (0.334) (2.368) (2.695) (0.715) (0.980)
  Prepared 12.74*** 8.802*** 1.548 9.237*** 10.36*** −2.357***

(0.596) (0.538) (1.167) (2.720) (1.232) (1.155)
  Other 4.511*** 5.838*** 3.364*** 1.495*** 3.750*** 1.640***

(0.119) (0.179) (0.213) (0.503) (0.385) (0.240)

Weak IV 9.417 21.85 46.49

Observations 657,822 654,736 423,976 657,822 654,736 423,976
R2 0.669 0.616 0.532

Notes: The dependent variable is the expenditure in dollars per adult equivalent by a household in a category-quarter 
over 2005–2006. All regressions include household-category and category-quarter-city fixed effects. The IV results 
use the (unweighted) average nutrient content in the reference group by category and quarter, defined as household 
purchasing in the same store in the local area, as the instrumental variable. All standard errors are clustered at the 
food category-city level. The weak IV test is the Kleibergen-Paap Wald F-statistic.

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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introduce more detailed nutrients, such as different types of fats or proteins from 
different sources. To capture this heterogeneity in the nutrients we allow the effect 
of the protein and fat characteristics to vary with the food category. Proteins and 
fats in the dairy and meat category are largely from animal sources, prepared foods 
are a mix of animal and vegetal food products, and other categories, such as fruit, 
vegetables, and grains, are primarily vegetal sources.

One might think that preferences are also over total calories, and not just mac-
ronutrients. The caloric content of food comprises energy in the form of these 
three macronutrients; total calories is a weighted sum of grams of these macro-
nutrients.13 The estimates in Table 7 allow us to check if households care only 
about calories. The coefficients on the nutrients are (mostly) statistically sig-
nificant and different from these weights, they differ across countries, and we 
will see in the counterfactual analysis that varying them has an economically  
significant impact.

The first three columns present estimates from fixed-effects OLS regressions; 
each regression uses data from the indicated country. All the regressions include 
household-category and category-quarter-city fixed effects. The former control 
for household specific tastes for particular products, while the latter control for 
category-city-specific seasonal effects. The coefficients are identified from within 
household-category variation, i.e., the correlation between nutrient content and 
expenditure within a category (and household) over time. Most of the coefficients 
are statistically significant and positive.

As we previously discussed, these results potentially suffer from endogeneity. 
Therefore, in the next three columns we examine the results from instrumental vari-
able regressions. The instruments we use are the (unweighted) average nutrients of 
the products purchased in each quarter by households shopping in the same retail 
chain in the same area. They aim to capture the variation in the attributes of avail-
able products. The regression also includes category-quarter-city fixed effects, to 
control for category-city-specific seasonal effects, and household-category effects, 
to control for heterogeneity in preferences. This wipes out a significant fraction of 
the variation in the instruments. However, as we can see from the standard errors, 
sufficient variation is left, and as we see in the bottom of the table the first-stage 
F-statistic of the excluded IVs is very high.

The coefficients are mostly significant, with some interesting differences across 
countries. The French have the highest relative preference for fats and proteins in 
dairy and meat. And the Americans have the highest preference for proteins in pre-
pared food, and the lowest for fats in prepared foods. The ratio of the fats coeffi-
cients to the carbohydrates coefficient is the highest in France and the lowest in the 
United States, while the ratio of proteins to carbohydrates tends to be higher in the 
United States compared to France and the United Kingdom (this is mostly driven by 
the coefficient for the prepared category).

In Table 8 we report the average household-category and category-quarter-city 
fixed effects, averaged across households and quarters, within the nine categories. 

13 Approximate weights are four calories for each gram of carbohydrates, four calories for each gram of proteins, 
and nine calories for each gram of fats.
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These fixed effects could be treated as preference parameters, or as unobserved 
country-specific attributes of the products. For each country these are

 	​​  _ σ ​​j​  = ​  1 _ 
IT

 ​ ​∑​ 
it
 ​ 
 

  ​ ​​  σ​​i jt​  = ​  1 _ 
IT

 ​ ​∑​ 
it
 ​ 
 

  ​ ​( ​w​i jt​  − ​ ∑​ 
c
  ​ 
 

  ​ ​​  β​​c​ ​z​i jct​ )​ ,

where ​w​i jt​ , ​​  β​​ c​ , and ​z​i jct​ are the dependent variable, the estimated coefficients, and the 
regressors from the regression defined in equation (3) for each country, and I and T 
are the total number of households and periods. These can be negative; a negative 
number suggests that households are purchasing this product for its nutrient char-
acteristics. Indeed, when the value of the coefficients on nutrients is larger, as in the 
OLS fixed-effects regressions, we see more negative numbers.

The numbers are consistent with the story we told above. US households have a 
higher preference for prepared foods and drinks, both high in carbohydrates, while 
the French have a higher preference for dairy and meat, higher in protein. This is one 
factor that explains why the US households purchase more carbohydrates, while the 
French households purchase more protein.

B. Counterfactual Analysis

To explore the role that differences in prices and product attributes play in the 
observed differences in the nutritional content of purchased food we simulate the 
behavior of households from one country if faced with prices and attributes from the 
other countries. In the discussion below we focus on US households and ask what 
would US households purchase if faced with French and UK prices and product 
attributes. We start by examining the behavior of the average household, and then 
explore heterogeneity in the response by separately considering low income house-
holds and households that purchase a high calorie basket of goods. We focus on 
these two groups as they are of particular policy interest, and groups for which we 
might expect different behavior.

In all cases we view the simulation as leaving the US household in place and 
changing only its shopping environment, namely the prices members face and 
attributes of products offered to them, and asking what would they purchase. In par-
ticular, we envision the household’s income as staying constant, which is important 

Table 8—Demand Estimates: Preferences for Categories

OLS—Fixed effects IV—Fixed effects

France UK US France UK US

Fruits 21.78 35.08 29.39 27.44 38.81 31.06
Vegetables 31.03 31.83 28.48 41.45 41.00 32.88
Grains −3.62 −7.89 7.15 18.17 18.35 23.26
Dairy −8.42 5.55 10.18 26.90 25.05 15.02
Meat 28.40 10.57 18.48 74.26 37.66 29.40
Oils 3.08 0.05 2.74 11.37 3.05 5.42
Sweeteners −1.98 −2.32 2.14 3.13 0.57 1.62
Drinks 20.86 21.05 36.90 24.72 22.70 37.05
Prepared 15.58 29.09 50.94 59.01 73.30 71.38

Note: The table reports the average of the household-category and category-quarter-city fixed 
effects across households and quarters, within the nine categories.
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given the limitations we discussed above in how our functional form can capture 
income effects. We describe how expenditure and nutrient patterns compare in these 
counterfactuals to actual purchases made by the average household in the United 
States, France, and the United Kingdom.

In defining preferences we always use the estimated slope coefficients, ​​  β​​1​, . , ​​  β​​C​ 
from the home country, which in all but a few simulations below is the United States. 
It is less clear how to think of the category fixed effects. In principle these could be 
treated as preference parameters, or we could treat them as unobserved country-
specific attributes of the products. For example, if the average expenditure in France 
on meat is high, this could be because French households have a higher preference 
for meat or because meat is of higher quality. We explore the extreme cases where 
these fixed effects are either all attributed to preferences or all attributed to unob-
served product characteristics.

We start with the “average” household and computing its purchases in the home 
country. This average household reproduces exactly the average consumption by 
category observed in the data. The implied category fixed effects, ​​

_
 σ ​​ j​ H​ for country H, 

that imply this choice, given prices and attributes in each country, are given by

 	​​  _ σ ​​ j​ H​  = ​​
_
 y ​​ j​ ​[  ​​_ p ​​ j​ H​  − ​ ∑​ 

c
  ​ 
 

  ​ ​​  β​​ c​ 
H
​  ​​
_
 a ​​ j  c​ H

 ​ ]​   for  H ∈ {US, FR, UK} ,

where ​​
_
 y ​​ j​ = ​ 1 _ IT ​ ​∑​ it​ 

 
 ​ ​y​ i jt​ H

 ​ , ​​
_
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 ​ ​a​ i jct​ H

  ​ .
The counterfactual simulations we consider are defined by five variables, which 

can take the value estimated for any of the three countries. We label these ​V​1​, … , ​V​5​:  
product attributes (​V​1​), food prices (​V​2​), category effects (​V​3​), nutrient preference 
parameters (​V​4​), and a conversion factor to reflect the price of the outside good (​V​5​).

In our model, simulated quantities purchased of each category j are given by14

(4) 	​​    y​​ j​ 
(​V​1​, … , ​V​5​)​  = ​ 

​​
_
 σ ​​ j​ ​V​3​​
 __  
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c
  ​ 
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​  ​​
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 	​  V​i​ ∈ {FR, UK, US},    i  =  1, ‥ , 5 ,

where ​​  τ ​​​V​5​​ = ​p​ 0​ ​V​5​​/​p​ 0​ US​ is a conversion factor that allows us to convert nominal prices 
into real prices. We use information from the Penn World Tables on the “price level 
of consumption” to proxy the price of the outside good. We find that the price of 
the outside good in France is 7.9 percent higher than in the United States (imply-
ing ​​  τ ​​ FR​ = 1.079), while it is 8.9 percent higher in the United Kingdom than in the 
United States (​​  τ ​​ UK​ = 1.089).

We examine five scenarios that amount to assuming different values for ​V​1​, … , ​V​5​. 
An important input into the simulation is the hedonic price  ​​

_
 p ​​ j​ ​V​2​​ − ​​  τ ​​​V​5​​ ​∑​ c​ 

 
 ​ ​​  β​​ c​ 

​V​4​
​  ​​
_
 a ​​ jc​ ​V​1​​. 

In Tables A3 and A4 in the Appendix, we show the hedonic prices under different 

14 We take the max of ​​  y​​ j​ 
(​V​1​, … , ​V​5​)​ and 0, to deal with corner solutions. This constraint does not bind for our pre-

ferred specification.
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scenarios. These prices will be informative when we consider the simulations below. 
The counterfactual scenarios we consider are:

Scenario A: Hold the quantity that the average US household purchases fixed, but 
allow the products to have the average attributes from France or the United Kingdom. 
This scenario simulates the effect of changing the nutrients of food products while 
holding food choices constant, which allows us to separate the effect of a change in 
attributes on choice from the effect of a change in nutrients holding choice constant.

Scenario B: Preferences and product attributes are those of the average US house-
hold, but food prices are as in France or the United Kingdom. In this case quantities 
are given by equation (4), with V = (US, FR, US, US, US) for France and equiva-
lently for the United Kingdom. This scenario isolates the effect of prices. Choices 
are allowed to change according to the model, but the assumption is that the product 
attributes do not change (they remain as in the United States).

Scenario C: Preferences are those of the average US household, but food prices 
and product attributes are as in France or the United Kingdom. Quantities are given 
by equation (4), with V = (FR, FR, US, US, US) for France and equivalently for the 
United Kingdom. This scenario simulates the effect of the change of both prices and 
product attributes to those available in France and the United Kingdom.

Scenario D: Preferences are those of the average US household, but food prices 
and product attributes are as in France or the United Kingdom, as well as the price of 
the outside good. In other words, the prices are changed to the real prices in France 
or the United Kingdom, as opposed to nominal prices as in Scenario C. In this case 
quantities are given by equation (4), with V = (FR, FR, US, US, FR) for France and 
equivalently for the United Kingdom.

Scenario E: Preferences are those of the average US household but food prices, 
product attributes, and the price of the outside good are as in France or the United 
Kingdom, as well as the mean category effects ​​

_
 σ ​​ j​ V​, which could reflect some charac-

teristics of goods and aspects of the economic environment and not only preferences. 
In this case quantities are given by equation (4), with V = (FR, FR, FR, US, FR) for 
France and equivalently for the United Kingdom.

In the simulations, prices and product attributes are the quantity weighted aver-
ages in country V for category j: we are not simulating the choices of the disag-
gregated quantities ​y​i jkt​ , only the quantity at the category level. There are two ways 
to view our simulations. First, we can consider the category j as a homogeneous or 
single good. In that case the simulation is directly linked to the theory. An alternative 
is to acknowledge that each category is an aggregate over heterogeneous products, 
but to assume a two-stage maximization problem. The simulated household takes 
the choice of the products within each of the categories as given, and then chooses 
how much to purchase of each category. This is not the same as the solution to the 
maximization problem we present in the theory section.

The reason we need to conduct the simulations at the aggregated level is two-
fold. First, to simulate quantities at a disaggregated level would require estimating 
many parameters. Given the number of products we have, this is not feasible to do at 
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the level of narrowly defined products; the problem thus requires some aggregation. 
Second, even if we could estimate the parameters at a very disaggregated level, we 
could not use these estimates directly since very narrowly defined products are very 
different in the three countries. In order to use the parameters we would need to aver-
age prices and attributes to a level that is comparable across the different countries.

US Households Facing French Prices and Attributes.—We start by considering 
the purchasing behavior of a household with preferences of the average US house-
hold facing French prices and product attributes. Table 9 shows the predicted change 
in calories and macronutrients purchased by the average US household under sce-
narios A to E described above. In column 1 we show the simulated purchases by 
a household with average US preferences facing US food prices and attributes. In 
column 7 we show the simulated purchases by a household with average French 
preferences facing French prices and attributes. Columns 2–6 show the simulated 
purchases for scenarios A–E.

Focusing first on the row showing total calories, comparing column 2 to column 1 
we see that holding quantities constant at the level of the average US household but 
using (average) French nutrient content has little impact on total calories. There is, 
however, an impact on the fraction of calories coming from the different nutrients, 
moving the US percentages closer to the French ones. Moving to column 3, where 
we use French food prices but keep nutrients as in the United States, has a substantial 
impact, leading the average US household to substantially reduce the calories they 
purchase (to 85 percent of the level in column 1). Indeed, the total of calories is very 
similar to those of the average French household (displayed in the last column). 

Table 9—US Households Facing French Prices and Attributes

(1) (2) (3) (4) (5) (6) (7)

Scenario A B C D E
Attributes (​V​1​) US France US France France France France
Prices (​V​2​) US US France France France France France
Category effects (​V​3​) US US US US US France France
Nutrient pref (​V​4​) US US US US US US France
Price adjustment (​V​5​) 1 1 1 1 1.079 1.079 1

Calories 2,212.3 2,158.3 1,890.0 1,841.7 2,091.3 2,075.1 1,873.4
Expenditure 5.41 5.41 4.77 4.95 5.60 5.77 5.38
Carbohydrate (cal) 1,092.6 903.0 1,170.9 950.9 1,073.3 830.3 709.6

49.4 41.8 62.0 51.6 51.3 40.0 37.9
Protein (cal) 279.40 326.66 172.04 213.50 243.55 301.62 299.90

12.6 15.1 9.1 11.6 11.6 14.5 16.0
Fat (cal) 840.3 928.7 547.0 677.3 774.5 943.2 863.9

38.0 43.0 28.9 36.8 37.0 45.5 46.1

Percent calories
  Fruits 4.7 4.1 5.5 4.7 4.5 4.0 4.1
  Vegetables 3.0 3.5 3.6 4.2 4.0 5.0 5.2
  Grain 13.0 15.2 14.5 17.4 16.9 12.8 13.3
  Dairy 10.2 12.5 7.0 9.9 10.2 14.1 17.8
  Meats 16.0 14.5 6.5 6.5 6.5 13.6 16.1
  Oils 5.7 6.8 5.5 6.8 6.6 12.6 12.5
  Sweeteners 3.3 3.1 8.6 7.6 7.7 5.2 4.2
  Drinks 8.0 4.6 17.7 9.6 9.2 4.5 4.5
  Prepared 36.2 35.7 30.9 33.3 34.3 28.2 22.3

Notes: Figures are per adult equivalent per day. Expenditure is in US$.
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However, this average US household would spend 12 percent less than the French for 
approximately the same total calories, and the fraction of calories coming from each 
macronutrient is very different and changes in the “wrong” way. Column 4 considers 
the average US household facing French food prices and product attributes, leading 
to a slight further reduction in calories to 83 percent of the amount in column 1.

In column 5 we consider a change of the prices facing US households to the 
real French prices, by accounting for differences in the relative price of the out-
side good. Since the price of the outside good is higher in France this makes food 
more attractive and leads to an increase in total calories. In column 6 we consider 
the scenario where we alter food prices, product attributes, the price of the outside 
good, and change the category effects to the French values. Category effects capture 
household-category and category-city-time fixed effects. As previously discussed, 
these probably combine preferences and aspects of the economic environment. 
Once we include these the level of calories purchased is closer to the average French 
household but still a bit higher than the French on total calories as it is around 
11 percent higher, and around 6 percent lower than column 1. Interestingly, in this 
last scenario, the fraction of calories coming from different macronutrients is more 
similar to French level.

In comparing the total calories purchased by the average US and French household 
it appears that food prices can explain much of the difference (scenario B), but not 
all. However, this conclusion, while true for calories, is overly simplistic. If we look 
at the macronutrients purchased we see that these remain different. The average US 
household purchases more carbohydrates and less proteins and fats than the average 
French household when faced with French prices and attributes (columns 2–5). It is 
only when we change the category effects that the balance of macronutrients looks 
more like the French diet.

Consideration of Tables 5 and A3, in the Appendix, shows us in part where these 
results come from. Comparing columns 1 and 3 of Table A3 we can see that the 
hedonic price of many of the large food categories for a household with US prefer-
ences but facing French food prices is higher than in the United States, e.g., Dairy, 
Meats, and Prepared Foods, and so the average US household reduces the quan-
tity purchased of each of these. However, this is not true of all categories. Fruits, 
Vegetables, Sweeteners, and Drinks are all cheaper, and so the average US household 
increases the quantity purchased in these categories. In some categories this change 
in quantity is offset by differences in product attributes (shown in Table 6). So, for 
example, the quantity of Fruit purchased by the average US household increases when 
faced with French food prices, but the difference in product attributes means that this 
represents a reduction in calories. This is also true for Sweeteners and Drinks. For 
Dairy products it goes in the other direction; the higher hedonic price means that the 
average US household purchases less Dairy when faced with French food prices, but 
the difference in product attributes means that this represents an increase in calories. 
This is also true for Oils. For the other categories the change in quantities goes in 
the same direction as the change in calories. The biggest change comes from Meats. 
The hedonic price is substantially higher for the average US household facing French 
food prices and product attributes, and this leads to a big reduction in Meat pur-
chased, and the average attributes of Meat in France mean that it has fewer calories.
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While the total share of macronutrients purchased by the average US household 
when faced with French food prices and attributes is similar to that when they face 
US prices and attributes, the food categories that these nutrients come from differs 
substantially. For example, a US household with average US preferences faced with 
US prices and attributes obtains 38 percent of proteins from Meats, 22 percent from 
Prepared foods, 20 percent from Dairy, and 13 percent from Grains. When faced 
with French food prices and attributes they obtain only 23 percent of proteins from 
Meats (because meat is much more expensive in France they purchase less), 27 per-
cent from Prepared foods (because prepared foods in France contain more protein), 
21 percent from Dairy, and 20 percent from Grains.

US Households Facing UK Prices and Attributes.—We now consider a household 
with the average US preferences facing UK food prices and attributes. Table 10 is 
laid out as Table 9; in column 1 we show the simulated purchases by a household 
with average US preferences, and in column 7 by a household with average UK 
preferences. Columns 2–6 show the simulated purchases for scenarios A–E.

These results are quite different to those for the average US household facing 
French prices and attributes. Comparing columns 1 and 2 we see that using US quan-
tities and UK nutrient content leads to a substantial reduction in calories. Products 
in the United Kingdom tend to have less carbohydrate, about the same amount of 
fats, but more protein. Thus, in total holding quantities fixed leads to a decrease in 
calories, due to the decrease in fats and carbohydrates, but an increase in proteins.

Comparing columns 1 and 3 we see that the effect on the average US household of 
facing UK food prices is to purchase 6 percent more calories and increase purchase of 

Table 10—US Households Facing UK Prices and Attributes

(1) (2) (3) (4) (5) (6) (7)

Scenario A B C D E
Attributes (​V​1​) US UK US UK UK UK UK
Prices (​V​2​) US US UK UK UK UK UK
Category effects (​V​3​) US US US US US UK UK
Nutrient pref (​V​4​) US US US US US US UK
Price adjustment (​V​5​) 1 1 1 1 1.089 1.089 1

Calories 2,212.3 2,015.3 2,350.3 2,165.0 2,579.5 2,524.3 1,972.8
Expenditure 5.41 5.41 5.30 5.55 6.55 6.78 5.19
Carbohydrate (cal) 1,092.6 936.1 1,282.7 1,103.1 1,305.8 1,188.0 926.1

49.4 46.4 54.6 51.0 50.6 47.1 46.9
Protein (cal) 279.40 313.11 270.91 300.03 359.42 399.22 306.79

12.6 15.5 11.5 13.9 13.9 15.8 15.6
Fat (cal) 840.3 766.1 796.7 761.8 914.3 937.1 739.9

38.0 38.0 33.9 35.2 35.4 37.1 37.5

Percent calories
  Fruits 4.7 5.0 2.8 3.0 2.7 3.8 4.4
  Vegetables 3.0 3.9 3.2 4.2 3.9 4.9 5.9
  Grain 13.0 11.7 19.9 16.0 15.1 14.1 18.4
  Dairy 10.2 10.3 12.5 10.2 10.4 14.5 14.3
  Meats 16.0 17.2 9.5 11.7 12.0 13.7 13.4
  Oils 5.7 6.0 6.4 6.4 6.0 3.1 6.7
  Sweeteners 3.3 3.5 10.8 10.2 10.6 4.8 3.8
  Drinks 8.0 8.7 4.5 4.9 4.5 2.6 3.1
  Prepared 36.2 33.8 30.4 33.4 34.7 38.5 30.2

Notes: Figures are per adult equivalent per day. Expenditure is in US$.
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all the nutrients. This is the opposite of the impact of product attributes. In Section IIC 
we saw that a Laspeyres index, holding quantities fixed at US levels, finds the UK prices 
are higher than US prices. Here, however, we find that when faced with UK prices, 
US households purchase more calories, not less. This is because some categories are 
cheaper in the United Kingdom and have a lower hedonic price, leading to increased 
consumption in these categories and an increase in total calories. Column 4 combines 
the two effects. This leads to a reduction in the total calories purchased to 98 percent of 
the level in column 1, though as we discuss below the products purchased differ sub-
stantially. In column 5 we consider also changing the price of the outside good to the 
UK level; because prices in the United Kingdom are higher than in the United States, 
this makes food more attractive, and total calories purchased increases substantially. In 
column 6 we also alter category effects. When faced with this “full” UK environment 
of food prices, attributes, and the price of the outside good and category effects, the 
average US household would purchase around 12 percent more calories than when 
faced with the “full” US environment, and over 28 percent more than the average UK 
household. It would also spend considerably more than when faced with the US envi-
ronment, and more than the average UK household faced with the same environment.

Again, Tables 5 and A.4 provide some intuition for why these results arise. 
Comparing columns 1 and 5 we see that the hedonic price of some of the large cat-
egories of food are much lower for a household with the average US preferences in 
the United Kingdom than they are in the United States, or for a household with the 
average UK preferences in the United Kingdom. In addition, US households value 
proteins more than UK households (see Table 7), and this leads to differences in 
their valuation of products.

As in the simulations for France, the composition of foods purchased differs sub-
stantially when a household with the average US preferences faces UK prices and 
attributes compared to when it is in the United States, or compared to a household 
with the average UK preferences. The average US household facing UK prices and 
attributes purchases a higher share of its calories in Vegetables and Grains and a 
lower share in Fruit, Meat, and Prepared Foods.

C. Distributional Implications

Up to now we have focused on the average household in the simulations. However, 
the impact of changing prices or product attributes might differ across households. We 
focus on two different groups of households—low income households and high calo-
rie (per capita) households—that are of interest for somewhat different reasons. Low 
income households might be of particular interest, since obesity is negatively correlated 
with income, and by looking at low income households we can also check the sensitiv-
ity of the results to income variation. High calorie households are of interest, since they 
are more likely to be obese, and therefore might be of more direct policy interest.

Low Income Households.—In this section we consider low income households. We 
define low income by computing for each household the adult equivalent income and 
then focus on the bottom quartile in each country. Households in the lowest income 
quartile spend less and purchase slightly fewer calories per adult equivalent than higher 
income households in all three countries (details available in an online Appendix). 
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They get fewer calories from fruits, vegetables, and meats, and more from grains. 
Prices paid by lower income households are lower than prices paid by households in 
higher income groups, and the attributes of the products they buy differ.

In the top panel of Table 11 we show a selection of the results from the simulated 
counterfactuals where we use the mean prices and attributes for households in the bot-
tom income quartile in the United States and France. Broadly we see a similar pattern 
to when we considered the average household. However, there are some differences. 
Simply facing the low income US household with French food prices, Scenario B in 
column 3, can no longer explain the bulk of the differences between the low income 
US and French households. Even in Scenario E, where we face the low income US 
household with the French category effects, the level of purchases by low income US 
households goes down but still remains higher than the level of the low income French 
household. In this case the low income US household will purchase around 16 per-
cent fewer calories than when faced with the US environment, and around 13 percent 
higher than the low income French household faced with the same environment.

In the bottom panel of Table 11 we show a selection of the results from the simu-
lated counterfactuals where we use the mean price and attributes for households in 
the bottom income quartile in the United States and the United Kingdom. Here as 
well we see a broadly similar pattern to when we consider the average household. 
Changing attributes alone, while holding quantities fixed (Scenario A), brings the 
level of calories and the share from each of the macronutrients closest to the UK 
household. When we change prices and attributes and allow households to reop-
timize, the US household always purchases a higher level of calories, with more 
carbohydrates and less protein than the average low income household from the 
United Kingdom. As with the average household, when faced with the “full” UK 
environment of food prices, attributes, and the price of the outside good and cat-
egory effects (column 6), the average low income US household would purchase 
around 18 percent more calories than when faced with the “full” US environment, 
and over 36 percent more than the average low income UK household. They would 
also spend considerably more than when faced with the US environment, and more 
than the average low income UK household faced with the same environment.

Table 11—Low Income US Households Facing French/UK Prices and Attributes

(1) (2) (3) (4) (5) (6) (7)

Scenario US A B C D E French/UK

French
  Calories 2,128.9 2,105.5 1,815.1 1,778.0 2,061.7 1,800.5 1,594.1
  Expenditure 4.26 4.26 3.63 3.83 4.42 3.96 3.67
  Carbohydrate (percent) 50.5 42.7 64.9 53.2 52.9 42.2 39.3
  Protein (percent) 12.0 14.4 8.1 10.7 10.8 13.1 15.0
  Fat (percent) 37.5 42.9 27.0 36.0 36.3 44.7 45.7

UK
  Calories 2128.9 1,891.4 2,156.5 1,970.5 2,438.7 2,509.6 1,841.3
  Expenditure 4.26 4.26 4.02 4.26 5.18 5.87 4.23
  Carbohydrate (percent) 50.5 46.7 58.2 53.5 53.7 48.1 47.5
  Protein (percent) 12.0 15.0 10.2 12.7 12.7 15.2 15.0
  Fat (percent) 37.5 38.3 31.6 33.8 33.7 36.7 37.5

Notes: Figures are per adult equivalent per day. Expenditure is in US$.
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High Calorie Households.—We now focus on a different group of households—
those that purchase a high (per capita) level of calories. These households are of 
particular interest to any policy aimed at reducing obesity. We divide households in 
each country into quartiles based on adult equivalent calories purchased per person 
per day. Households in this group in the United States purchase on average 57 per-
cent more calories per adult equivalent than the average households, 54 percent 
more in France, and 43 percent more in the United Kingdom (details available in an 
online Appendix). The households in this group also spend more on food than the 
average household and buy slightly cheaper food. However, on other dimensions, 
such as the share of calories from macronutrients and from different food categories, 
households in this group are not noticeably different from the average household.

Table 12 shows a selection of the simulation results where we use the mean prices 
and attributes for households in the top quartile of adult equivalent calorie pur-
chases. The patterns are broadly the same across the scenarios as they were for the 
average household, with a few notable exceptions. For example, in column 4 of the 
top panel we see a reduction of 28 percent in calories purchased, compared to a 
reduction of 20 percent for the average household in Table 9. Similarly, in column 4 
of the bottom panel we see a reduction of 10 percent compared to column 1, while 
for the average household we saw a reduction of only 2 percent in Table 10.

D. Robustness

There are two potentially important limitations to our data, a lack of measurement 
of food eaten outside of the home, and lack of measurement of food waste.

Eating out.—From other data sources we know that the fraction of calories from 
food outside the home differs across countries. For the United States the National 
Health and Nutrition Examination Survey suggests that 35 percent of calories are 
consumed outside the home (USDA 2010). In the United Kingdom, Griffith and 
O’Connell (2009) use the Expenditure and Food Survey (EFS) for 2005/2006 and 
find that 12 percent of calories are eaten outside of the home. In France, Afssa 
(2009) finds that 18 percent of total energy consumption intake is outside the home. 

Table 12—High Calorie US Households Facing French/UK Prices and Attributes

(1) (2) (3) (4) (5) (6) (7)

Scenario US A B C D E French/UK

French
  Calories 3,460.0 3,239.2 2,694.3 2,476.8 2,808.4 3,185.8 2,875.0
  Expenditure 7.68 7.68 6.49 6.67 7.53 9.03 8.44
  Carbohydrate (percent) 49.5 41.0 62.9 51.3 51.0 38.7 36.6
  Protein (percent) 12.2 15.3 8.4 11.4 11.5 14.7 16.2
  Fat (percent) 38.4 43.7 28.6 37.3 37.5 46.6 47.2

UK
  Calories 3,460.0 3,105.1 3,535.2 3,132.6 3,746.0 3,608.7 2,810.7
  Expenditure 7.68 7.68 7.39 7.63 9.05 9.39 7.15
  Carbohydrate (percent) 49.5 46.4 55.3 51.9 51.7 47.6 47.2
  Protein (percent) 12.2 15.3 11.1 13.3 13.4 15.5 15.3
  Fat (percent) 38.4 38.3 33.6 34.7 34.9 36.9 37.5

Notes: Figures are per adult equivalent per day. Expenditure is in US$.
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This suggests that our descriptive analysis underestimates the cross-country calorie 
differences.

The lack of food away from home has several implications for our conclusions. 
First, in an ideal world we could measure the calories consumed away from home and 
see how these change when we change prices of food at home. Second, in the simula-
tions of food at home we would want to know the impact of changing the price of food 
away from home. Note that due to the large number of fixed effects we would need 
the price (and availability) of food away from home to vary by household-quarter. 
Otherwise, it would be collinear with the household or time fixed effects.

We think the best way to interpret our results is as keeping the consumption of 
food away from home constant, and therefore we miss the first effect above. Without 
more data we have no way to know how big is the substitution between food at home 
and food away. The impact of the second on the simulations is less obvious, espe-
cially once we view our simulations as trying to simulate the effect of changes in 
prices and/or attributes on food consumption in the United States (and not relative 
to the average UK/France household). The different scenarios we offer, especially 
Scenario E, can help bound the size of the effect.

Finally, while we think that understanding patterns of food purchase and nutrients 
outside the home is also important, we believe that food purchased for consumption 
at home is of interest on its own.

Food waste.—Our data measure food purchases, which we equate to consump-
tion. In reality, a fraction of the food purchased is thrown away and never con-
sumed. Estimates on how large this fraction is vary substantially depending on what 
is being measured. Many of the reported headline figures that you see measure total 
food waste (e.g., by looking at food found in dumps); this includes waste from the 
catering trade and from retail establishments and is not only food wasted by house-
holds. We could not find estimates that measure household food waste and that were 
comparable across countries. However, if French consumers wasted nothing, then it 
would need to be the case that US consumers wasted around 15 percent of their food 
to make the total calorie consumption of the average US consumer equal to that of 
the average French consumer. If French consumers wasted, for example, 10 percent 
of their food then it would have to be the case that US consumers wasted 24 per-
cent of their food, or roughly two and a half times the wastage rate in France. For 
the United Kingdom the equivalent numbers are 9 percent waste if UK consumers 
wasted nothing, and 17 percent if UK consumers wasted 10 percent.

The effects of accounting for waste in the simulations are difficult to quantify. In 
principle, we could try to apply a fraction of waste, which possibly varies by cat-
egory and country, in the simulation. However, in order to model this properly we 
would need to take a stand on whether this fraction is policy invariant or whether 
it would vary as we change prices. It is plausible that one of the reasons that food 
waste varies across countries is because of differences in price.

IV.  Summary and Conclusion

In this article we document the differences in food purchases made by households 
in France, the United Kingdom, and the United States. US households purchase 
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more calories than UK households, who purchase more than French households. 
Furthermore, the source of the calories differs in terms of which macronutrients they 
come from, across the countries. We estimate the determinants of demand for nutrients 
in each of the countries by extending the demand model of Gorman (1980), that nests 
classical demand models in product space, as well as models in characteristics space. 
Our model departs from the weakly separable case of utility functions across different 
food groups by allowing the marginal utility of each food category to be affected by 
the amount of nutrients provided by all other foods. It yields a simple linear estimating 
equation, which relates the expenditures on products to the nutritional content.

The estimates allow us to simulate counterfactual quantities purchased by house-
holds with preferences from one country but facing prices and product attributes 
from another country. We use the simulations to learn about the relative impor-
tance of preferences versus the economic environment. We find that the average 
US household, when faced with French prices and product attributes, will purchase 
substantially fewer calories, bringing the level close to that of the average French 
household when faced with the same environment. However, the composition of 
these calories would differ. The simulated change is mostly due to price differences. 
In contrast, when we simulate the average US household’s food basket with UK 
product attributes this has a substantial impact on reducing calories, whereas chang-
ing relative prices in fact increases calories.

From these findings we conclude that the economic environment makes a sub-
stantial difference on the consumption basket. However, in general, it is the interac-
tion of preference, prices, and attributes that explains the cross-country differences.

In terms of the “healthiness” of preferences and the environment we can attempt to 
rank countries. The French environment generally encourages healthier purchasing 
habits. The average US household generally improves its purchasing habits, (while 
we have not shown this in the above tables); the same is true for the average UK 
household. The UK environment, on the other hand, generates worse outcomes for 
the average US household (and the average French household as well). Indeed, the 
reason the UK households purchase fewer calories than US households is because 
of their preferences and despite their environment, not because of it.

While we have made significant progress in understanding the role preferences 
and the economic environment play in explaining cross-country differences, signifi-
cant work still remains. Our model and setup can be used to understand within coun-
try differences. For example, within the United States there are significant regional 
differences, as well as differences across demographic groups. How much of these 
differences can be explained by differences in the economic environment versus 
preference differences?

Similarly, our model and methods can be used to evaluate various policies. For 
example, imposing a tax on sugar or on fat. Previous studies have examined these 
questions but usually in the context of a particular product, say, soft drinks. We can 
study the effect more generally, allowing for substitution across products.

Finally, as we discussed above the demand model we offered nests demand mod-
els in product space and those in characteristics space. We relied on a particular  
functional form, but the basic ideas can be extended and used more broadly to gener-
ate flexible demand models with more general income and price effects. Furthermore, 
the basic methods can be used to explore demand at a lower level of aggregation.
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Appendix

In this Appendix we provide details on the construction of the data. The data are 
collected by market research firms in each of the three countries. In France and the 
United Kingdom, data are collected by Taylor Nelson and Sofres (TNS), now a part 
of the Kantar Group, as part of their Worldpanel. In the United States, data are col-
lected by Nielsen as part of their Homescan data.

The data are collected in a similar manner in all countries. A panel of households use 
scanners in the home to record all food purchases brought into the home. Participants 
scan each bar code and record quantity of items purchased; they also record the store 
of purchase. This information is transmitted to the market research firm. Prices are 
obtained either directly from the store, if the retailer is part of Nielsen’s store level 
data, or from the information the participant records. TNS also uses information on 
till (cashier) receipts to confirm prices and special offers. Thus, for each item pur-
chased we know exactly what was bought (as denoted by the barcode or UPC), the 
quantity purchased, the price paid, and exactly when and where it was bought.

Each participating household collects information on all products with a barcode. 
Items without barcodes, often called “random weights” items are not recorded by 
all households. These items include some fruit, vegetables, meat, and deli items. 
The way information on random-weight items is collected varies across countries, 
as described below.

Information on household demographics is collected through an annual 
questionnaire.

These data are matched with information on the nutrient content of each food 
item; this information is collected in a slightly different manner in each country, as 
explained below. Macronutrients are converted from grams to calories by multiply-
ing grams of carbohydrates by 3.75, grams of proteins by 4, and grams of fats by 9.

Income is measured in brackets for each country. We used the middle values of 
intervals to approximate household income and then used household equivalence 
scales to equivalize incomes per adult equivalent.

A. US Data

Each year there are roughly 61,000 participating households out of which a sub-
sample of roughly 15,000 record random-weight purchases. Nielsen monitors the 
recording and drops households it feels are unreliable. The reliable panel, often 
called the “static” panel, has roughly 40,000 households in total, of which 8,000 a 
year report random-weight purchases.

We start with the static panel and drop quarters where a household did not report 
expenditure in five or more of the nine food groups.

The Nielsen data do not have nutritional information; this information was col-
lected by Gladson. The Gladson data record information for about 400,000 items, 
as specified by the barcode or Universal Product Code (UPC). For each item they 
record essentially everything that is on the box, including the nutritional label, as 
well as attributes of the box, such as dimensions and weight. To match the Gladson 
data with Homescan we followed the following steps. About 60 percent of the UPCs 
in Homescan had a direct match in the Gladson data. If there was no match we 
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used the average nutrients in the Gladson data within product module (PM),15 size 
type, brand, product, flavor, and formula (as defined by Nielsen).This adds roughly 
another 8 percent match to a total of slightly over 68 percent. Many of the remain-
ing items do not match because they are from store brands, which Gladson does 
not record. For these cases we average within PM, size type, product, variety, type, 
formula, and style (i.e., drop the brand requirement). This matches another 25 per-
centage points for a total of roughly 93 percent match. The rest of the information 
is mostly for random-weight items, which we manually fill in using the information 
from the USDA National Nutrient Database for Standard Reference.

B. French Data

Each year there are approximately 14,500 participating households. We drop 
observations that are outliers (below the first percentile or above the ninety-ninth, 
and also households who purchase less than five of the food categories over the nine 
in a quarter).

Each household is asked to record only certain random-weight categories. For 
example, households are asked to report purchases of random weights of either 
“fruits and vegetables” or “meats and fish,” but not both. We use an imputation 
method based on the household observable demographics to impute the value of 
purchase at the quarter level from other households reporting their purchase.

We directly collected nutritional characteristics on macronutrients (calories, pro-
teins, fats, and carbohydrates), and matched these with the products purchased.16 
The nutritional information come from several sources. We primarily used informa-
tion collected directly from labels and public sources such as the CIQUAL database 
(from the public French Information Center on Food Quality) from Afssa (2008) 
“Table de composition nutritionnelle des aliments Ciqual 2008” http://www.afssa.
fr/TableCIQUAL/.

C. UK Data

Each year there are approximately 25,000 participating households. We drop 
observations that are outliers (below the first percentile or above the ninety-ninth). 
We drop quarters where a household did not report expenditure in more than five of 
the nine food groups.

In the United Kingdom all households record purchases of all random-weight 
items.

TNS collects information on the characteristics of all individual products, which 
includes their nutritional content (as shown on the packaging), from a variety of 
sources including manufacturer databases and from the packages directly.

15 Nielsen classifies each product into a narrowly defined group called product module. There are over 600 of 
these groups.

16 This collection and matching of nutritional characteristics with the food purchases data was done in 2010 by 
Pierre Dubois and research assistant Yohann Chiu, whom we thank for his work.

http://www.afssa.fr/TableCIQUAL
http://www.afssa.fr/TableCIQUAL
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D. Definition of Food Groups

The specific food products purchased in each country are very different; in fact, 
even the food categories used by market research firms are different, reflecting dif-
ferences in the types of food purchased. We therefore classify products into 52 cat-
egories used by the USDA, making sure that each product is always classified in the 
same category whatever the country. In order to facilitate comparison across coun-
tries we further aggregate these into nine broad product categories. The category 
definitions we use are given in Table A1.

E. Adult Equivalence

We construct a household equivalence scale based on daily caloric requirement of 
all household members divided by 2,500. Daily Caloric Requirement of individual 
household members is given in Table A2.

F. Hedonic Prices

As we can see in equation (4) the results in the simulations depend on three 
key inputs: ​​  τ ​​​V​5​​, ​​

_
 σ ​​ j​ ​V​3​​, and ​​

_
 p ​​ j​ ​V​2​​ − ​​  τ ​​​V​5​​ ​∑​ c​ 

 
 ​ ​​  β​​ c​ 

​V​4​
​  ​​
_
 a ​​ jc​ ​V​1​​. The first two can be found in the 

respective column for each simulation and in Table 8, by looking up the appropriate 
column. The third are the hedonic prices displayed below. The layout of the columns 
follows that of Tables 8 and 9.

Table A1—Definition of Food Groups

Name Main items

Fruits Fresh, canned, or frozen fruit as well as fruit juices
Vegetables Fresh, canned, or frozen vegetables and starchy food
Grain Flour, cereals, dry and fresh pasta, rice, couscous, breakfast cereals, and breads
Dairy Milk, cream, cheese, and yogurt
Meats Beef, pork, lamb, veal, poultry, as well as bacon, ham, sausages, eggs, and all fish and seafood, 

whether fresh, smoked, frozen, or canned; nuts
Oils Oils, butter, margarine, and lards
Sweeteners Sugar, syrup, honey, and artificial sweeteners
Drinks Sodas, water, coffee, tea, and other beverages
Prepared All commercially prepared items, whether sweet savory, frozen, canned, or deli

Table A2—Caloric Needs by Age and Gender

Age categories

Gender 4–6 7–10 11–14 15–18 19–50 51–59 60–74 75 plus

Female 1,545 1,740 1,845 2,110 1,940 1,900 1,900 1,810
Male 1,715 1,970 2,220 2,755 2,550 2,380 2,330 2,100

Source: HMSO (1991).
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Table A3—Hedonic Prices for French Food in the United States

(1) (2) (3) (4) (5) (6) (7)

Scenario A B C D E
Attributes (​V​1​) US France US France France France France
Prices (​V​2​) US US France France France France France
Category effects (​V​3​) US US US US US France France
Nutrient pref (​V​4​) US US US US US US France
Price adjustment (​V​5​) 1 1 1 1 1.079 1.079 1

Fruits 1.91 1.91 1.88 1.93 1.92 1.92 1.94
Vegetables 2.52 2.52 2.41 2.42 2.41 2.41 2.37
Grain 2.86 2.86 3.01 2.93 2.85 2.85 2.82
Dairy 1.12 1.12 1.89 1.65 1.52 1.52 1.24
Meats 2.39 2.39 6.84 6.29 5.97 5.97 5.17
Oils 3.36 3.36 4.08 3.95 3.85 3.85 3.99
Sweeteners 3.13 3.13 1.40 1.52 1.41 1.41 1.79
Drinks 1.44 1.44 0.76 0.81 0.81 0.81 0.82
Prepared 2.45 2.45 3.36 3.08 2.85 2.85 3.70

Notes: The hedonic price is given by ​​
_
 p ​​ j​ 
​V​2​​ − ​​  τ ​​​V​5​​ ​∑​ c​ 

 
 ​ ​​  β ​​ c​ 

​V​4​
​   ​​
_
 a ​​ jc​ ​V​1​​. Prices are per kilo and are in US$ using an exchange 

rate of £1 = $1.80 and €1 = $1.25.

Table A4—Hedonic Prices for British Food in the United States

(1) (2) (3) (4) (5) (6) (7)

Scenario A B C D E
Attributes (​V​1​) US UK US UK UK UK UK
Prices (​V​2​) US US UK UK UK UK UK
Category effects (​V​3​) US US US US US UK UK
Nutrient pref (​V​4​) US US US US US US UK
Price adjustment (​V​5​) 1 1 1 1 1.089 1.089 1

Fruits 1.91 1.91 3.00 3.01 2.99 2.99 3.02
Vegetables 2.52 2.52 2.20 2.19 2.18 2.18 2.12
Grain 2.86 2.86 1.76 1.94 1.88 1.88 1.70
Dairy 1.12 1.12 0.85 1.04 0.94 0.94 1.12
Meats 2.39 2.39 3.81 3.27 2.91 2.91 3.50
Oils 3.36 3.36 2.86 2.92 2.82 2.82 1.57
Sweeteners 3.13 3.13 0.90 0.99 0.86 0.86 1.27
Drinks 1.44 1.44 2.38 2.39 2.38 2.38 2.39
Prepared 2.45 2.45 2.75 2.31 2.03 2.03 3.04

Notes: The hedonic price is given by ​​
_
 p ​​ j​ 
​V​2​​ − ​​  τ ​​​V​5​​ ​∑​ c​ 

 
 ​ ​​  β​​ c​ 

​V​4​
​   ​​
_
 a ​​ jc​ ​V​1​​. Prices are per kilo and are in US$ using an exchange 

rate of £1 = $1.80 and €1 = $1.25.

http://www.sante.gouv.fr/IMG/pdf/guide_alimentairepro.pdf
http://www.afssa.fr/Documents/PASER-Ra-INCA2.pdf
http://www.afssa.fr/Documents/PASER-Ra-INCA2.pdf
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