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Abstract
An Exact Affine Stone Index demand model is estimated to analyze the household-level
demand for nine nut products (peanuts, pecans, almonds, cashews, walnuts, pistachios,
mixed nuts, macadamia nuts, and other nuts) in the United States using Nielsen
Homescan panel data from 2009 through 2015. The demands for all nuts are elastic.
All nut products are necessities and substitutes for each other. Household sociodemo-
graphic characteristics are statistically significant drivers of the demand for nut products.
Finally, the effects of changes in the magnitude of selected promotion expenditure elastic-
ities for nuts are simulated to determine their impacts on prices and quantities demanded.

Keywords: demand for peanuts and tree nuts; Exact Affine Stone Index demand model; household-level
demand system analysis; Nielsen Homescan panel data; promotion expenditure

JEL classification: D12

Introduction

The tree nuts market is predicted to increase by $6.16 billion during 2021–2025 and is
expected to grow at a compound annual growth rate of over 4% throughout this period
(TechNavio 2021). This increase in the size of the nuts market is fueled by the growing
consumer interest in the consumption of peanuts and tree nuts because of the health ben-
efits they offer. Various studies have confirmed the association between the consumption
of peanuts and tree nuts and health benefits (Ros 2010; Van den Brandt and Schouten
2015; De Souza et al. 2017). King et al. (2008) as well as Mattes, Kris-Etherton, and
Foster (2008) revealed that the frequency of nut consumption and body mass index are
inversely related. Fraser et al. (1992) and Kris-Etherton et al. (2008) confirmed the benefits
of tree nuts and peanuts in preventing coronary heart disease. Moreover, Jiang et al. (2002)
found that nut and peanut butter consumption were inversely associated with the risk of
type 2 diabetes in women. Further, tree nuts and peanuts have been recommended to be
part of the daily intake of children and adults, replacing other snack foods (Rehm and
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Drewnowski 2017). Additionally, Settaluri et al. (2012) highlighted the usefulness of con-
sidering peanuts as an essential component in the human diet. In the latest Dietary
Guidelines for Americans 2020–2025, nuts are included in the spectrum of nutrient-dense
foods and proteins (U.S. Department of Agriculture and U.S. Department of Health and
Human Services 2020), further highlighting their importance in improving the health and
nutrition status of consumers.

Specifically, tree nuts contain unsaturated bioactive fatty compounds, proteins, fibers,
and other nutrients and minerals. For example, including almonds in the diet controls
cholesterol levels in the body, helps with weight loss, and reduces the risk factors associated
with type 2 diabetes. Also, walnuts are rich in antioxidants and omega-3 fatty acids, aiding
in reducing the risk of cardiovascular diseases (Ros 2010). This information is noteworthy
given the fact that more than one-third of U.S. adults are obese, leading to an annual medi-
cal cost of over $150 billion dollars (Gore, Diallo, and Padilla 2015), while also generating
growth opportunities for the market of healthier nut snacks and nutritious bars. Yet other
factors stimulating growth in the demand for peanuts and tree nuts is their rising popu-
larity as a preferred snack option among millennials (Research and Markets 2021).

Per capita nut consumption has been on the rise in the United States. According to the
latest data from the U.S. Department of Agriculture (USDA), per capita consumption of
tree nuts was at 5.2 pounds, up from 1.8 pounds in 1970, and the per capita consumption
of peanuts was 7.5 pounds, up from 5.7 pounds in 1970 (USDA and National Agricultural
Statistics Service 2021). Per capita consumption of almonds was at 2.36 pounds, macad-
amia nuts at 0.09 pounds, pecans at 0.51 pounds, pistachios at 0.49 pounds, and walnuts at
0.55 pounds, with all nut types recording an increase compared to previous years (USDA
and National Agricultural Statistics Service 2021). Given the opportunities associated with
the demand for nuts, research is needed to quantify the growth potential of the market and
identify the drivers.

To fill this need, the overall objective is to conduct a comprehensive study on the nut
demand in the United States over the period of 2009 to 2015, using recent advances in
consumer demand analysis. The specific objectives include (1) computing uncompensated
and compensated own-price and cross-price elasticities as well as expenditure and income
elasticities of demand, (2) empirically determining household demographic characteristics
that drive the demand for nuts, and (3) simulating the effects of promotion expenditures
on nut prices and quantities demanded.

The empirical results emerging from this analysis shed light on household demand
behavior associated with different types of nuts in the United States, furnishing valuable
information to various groups of stakeholders. For example, nut producers and nut pur-
veyors can utilize the information related to price elasticities of demand in formulating
revenue-maximizing pricing strategies, input procurement, and inventory management.
This research can assist in designing marketing strategies and targeting specific demo-
graphic groups with the purpose of expanding their traditional customer base. Another
group of beneficiaries include policy makers who can use the empirical results from this
study to modify nut promotion programs as well as price and production control
programs.

In the next section, we present the review of relevant literature, followed by the section
dealing with the model and the accompanying discussion of econometric issues concern-
ing censoring and endogeneity. The subsequent section describes the data and the con-
struction of variables, followed by the section dealing with the estimation results. In
the final section, we provide concluding remarks and present recommendations for future
research.
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Literature review
The demand for nuts in the United States has been investigated by past studies. In partic-
ular, Russo, Green, and Howitt (2008) used a single-equation model to estimate demand
for almonds and walnuts using annual time series data covering the period from 1970 to
2001. The demand for almonds was found to be inelastic, and almonds were estimated to
be a normal good. Although positive, the cross-price elasticity of demand for almonds with
respect to the price of walnuts was statistically insignificant. At the same time, the demand
for walnuts was inelastic. Per the income elasticity estimates, walnuts were a normal good,
and the majority of cross-price elasticities of demand for walnuts with respect to the price
of almonds from alternative specifications were statistically insignificant, failing to estab-
lish a strong substitutability relationship between walnuts and almonds.

Lopez and Grigoryan (2018) studied the U.S. import demand for nuts (coconuts, Brazil
nuts, cashews, almonds, hazelnuts, walnuts, chestnuts, pistachios, and other nuts com-
posed of macadamia nuts, kola nuts, and areca nuts) by estimating an Almost Ideal
Demand System (AIDS) model and employing quarterly time series data from 1996 to
2016. The estimation results revealed that the demands for the nut types considered were
elastic, and the nut types were mostly substitutes for each other. Additionally, the majority
of expenditure elasticities was positive and greater than one with almonds being the most
sensitive to nut expenditures and cashews being the least sensitive to nut expenditures.

Cheng, Capps, and Dharmasena (2021a) applied the two-stage Heckman sample selec-
tion model to the household-level data from the Nielsen Homescan panel for calendar year
2015 to analyze the demand for peanuts, pecans, almonds, cashews, walnuts, pistachios,
mixed nuts, and macadamia nuts. The empirical results showed that the conditional
demands for pecans, almonds, and walnuts were elastic, while that the demands for pea-
nuts, cashews, macadamia nuts, pistachios, and mixed nuts were inelastic. In addition, all
nut types considered emerged as necessities. Moreover, a set of household demographic
variables, namely household income, household size, age, education level, race, and eth-
nicity of the household head, the presence or absence of children in the household, and the
region in which the household was located, were found to significantly impact the demand
for the various nuts.

Cheng, Capps, and Dharmasena (2021b) assessed the demand for nut products (pea-
nuts, pecans, almonds, cashews, walnuts, pistachios, mixed nuts, and other nuts consisting
of nuts topping, pumpkin nuts, filberts, sunflower seeds, etc.) in the United States by esti-
mating a Quadratic Almost Ideal Demand System (QUAIDS) model. Monthly observa-
tions from 2004 through 2015 derived from the Nielsen Homescan panels (Nielsen
2021) were used. The estimated uncompensated own-price elasticities for peanuts and
the granular array of tree nuts considered ranged from –0.31 (pistachios) to –2.08
(almonds). Estimated income elasticities varied from 0.50 (walnuts) to 0.85 (pistachios),
indicative of necessities. Substitutability and complementarity among the set of nut prod-
ucts were evident. Importantly, this work constituted a market-level analysis and not a
household-level analysis.

Asci and Devadoss (2021) estimated a differential demand model to analyze the
demand for almonds, pistachios, walnuts, pecans, and hazelnuts, employing annual time
series data from 1996 to 2018. According to the empirical results from this study, the
demand for almonds, pistachios, walnuts, and pecans was found to be inelastic, while
the demand for hazelnuts was found to be elastic. Significant substitutability relationships
among certain nut types were evident based on estimated cross-price elasticities. All
expenditure elasticities emerged as significant with pecans being the least expenditure elas-
tic and hazelnuts being the most expenditure elastic of the various nut types.
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Although prior studies enhance our understanding of nut demand by providing impor-
tant insights, nonetheless, the present study builds upon the previous research by making
the following distinctive contributions to the current literature. First, unlike previous
research, this study adopts the Exact Affine Stone Index (EASI) model that not only pos-
sesses the attractive features of previously widely used demand systems but also extends its
methodological virtues by allowing for unobserved household heterogeneity and arbitrary
shapes of Engel curves. Accounting for unobserved household heterogeneity is important,
since the latter can explain a notable amount of the variation in consumer demand
(Pendakur 2009). As well, accounting for arbitrary shapes of Engel curves, in contrast
to forcing an a priori specific structure on household income, is important in terms of
ascertaining the true income effects (Lewbel and Pendakur 2009). As well, the EASI model
is extended to incorporate region fixed effects that are used to capture unobserved regional
heterogeneity which can arise due to sociocultural differences across regions. Lastly, the
EASI model is adapted to address the censoring present in the data by utilizing a two-step
method proposed by Shonkwiler and Yen (1999).

Second, unlike prior studies, the present study employs disaggregate household-level
balanced panel data from the Nielsen Homescan panels extending from 2009 through
2015 and containing granular information on prices and quantities of nine types of nuts
(peanuts, pecans, almonds, cashews, walnuts, pistachios, mixed nuts, macadamia nuts, and
other nuts) as well as detailed information on household demographic characteristics. It is
noteworthy that the use of balanced panel data permits tracing the same household across
multiple years, thereby incorporating dynamics into the analysis.

Third, price and expenditure endogeneity issues are addressed following the procedure
outlined in Dhar, Chavas, and Gould (2003) and using the Hausman-type instruments for
prices, which are developed based on the price data from the nearby markets. Disregarding
the endogeneity issue in prices and expenditure can lead to inconsistent parameter esti-
mates resulting in erroneous demand and policy implications (Hovhannisyan and Bozic
2017; Hovhannisyan et al. 2020).

Finally, this study contributes to the literature by simulating the effects of changing
promotion expenditures on prices and quantities demanded of nuts, using demand elas-
ticities from the present and prior studies. To the best of our knowledge, this empirical
exercise is conducted for the first time in application to a granular set of nut types.
This simulation exercise is noteworthy in that it furnishes important insights for nut pro-
motion programs.

Model

Linear approximate EASI (LA-EASI) model
To analyze the demand for peanuts and various nuts, this study estimates the EASI model
introduced by Lewbel and Pendakur (2009). The EASI model uses a much more flexible
functional form than the QUAIDS model used by Cheng, Capps, and Dharmasena
(2021b). The empirical specification of the EASI model, allowing for flexible Engel curves
and unobserved household preference heterogeneity, is as follows:

whit � αi �
X

N
j�1

γ ij ln phjt �
X

L
l�1

βilylht � εhit ; for any h � 1; . . . ;H;

i � 1; . . . ;N ; t � 1; . . . ;T (1)

where whit is the budget share of product i in period t for household h, phjt is the price of
product j in period t paid by household h, yht is household real expenditures in period t, N
is the number of products, H is the number of households, L is the highest order of
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polynomial in expenditures to be determined empirically, αi, γij, and βil are the parameters
to be estimated, and ϵhit is the error term.

Household demographic characteristics and region specific and time fixed effects can
be included in the EASI model budget share equations through the intercept parameter αi0
as follows (Pollak and Wales 1981):

αi � αi0 �
X

S
k�1

αikDhtk �
X

R
r�1

κirReghtr �
X

T
t�1

ηitYearht (2)

where Dhtk represents household demographic characteristics related to household
income, size, age, and presence of children aged below 18 years in the household, as well
as the age, education level, race, and ethnicity of the household head. Additionally, to con-
trol for the average sociocultural differences across regions and years (fixed effects), the
EASI model incorporates region-specific (Reghtr) and time (Yearht) dummy variables.
Substituting (2) into (1) yields the following specification of the EASI model:

whit � αi0 �
X

N
j�1

γ ij ln phjt �
X

L
l�1

βily
l
ht �

X
S
k�1

αikDhtk �
X

R
r�1

κirReghtr

�
X

T
t�1

ηitYearht � εhit : (3)

The EASI model in (3) is estimated with the following classical theoretical restrictions of
adding-up, homogeneity, and symmetry imposed on the parameters:
X

i
αi0 � 1;

X
i
γ ij � 0;

X
i
βil � 0;

X
i
αik � 0;

X
i
κir � 0;

X
t
ηit � 0; for any

j � 1 . . .N; and γ ij � γ ji for any j≠ i: (4)

Additionally, in the present analysis, a linear approximate EASI model (i.e., LA-EASI) by
Lewbel and Pendakur (2009) is used. In particular, with xht denoting total nominal expen-
ditures, yht is specified as Stone price-deflated real expenditures as follows:

yht � log xht� � �
X

N
j
whjt log phjt

� �
: (5)

The LA-EASI model is adopted in this study since, in addition to possessing the appealing
features of the AIDS model of Deaton and Muellbauer (1980), the LA-EASI model also
allows for unobserved consumer heterogeneity and an arbitrary shape of Engel curves
(Pendakur 2009; Lewbel and Pendakur 2009). With nonlinear versions of the EASI model,
yht is the affine transformation of the Stone price-deflated real expenditures. By design, the
Stone price in the EASI model is the correct and exact deflator of real expenditures, which
is contrary to the Stone price index in the linear approximate AIDS model, where it is
merely an approximation to the true expenditure deflator (Zhen et al. 2013).
Furthermore, estimated parameters from the LA-EASI model typically are similar to its
nonlinear counterpart (Lewbel and Pendakur 2009).

Censoring in the LA-EASI model and demand elasticities
Oftentimes, when employing household-level data, researchers need to account for situa-
tions when households have zero consumption levels of products over the sample period.
The current study faces this type of censoring issue in the data given that household-level
Nielsen’s Homescan panel data are used where no purchases of nuts are reported for some
households.

To address censoring in the data, this study utilizes a two-step approach developed by
Shonkwiler and Yen (1999). In the first step, a probit model is estimated to model the
decision of the household to purchase the product or not. In this step, the estimation
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of the probit model generates the cumulative distribution function and the probability
density function associated with a standard normal distribution. In the second step, the
entire right-hand side of the demand system is multiplied by the computed cumulative
distribution function, incorporating the computed probability density function as an addi-
tional independent variable in each budget share equation of the system.

Applying Shonkwiler and Yen’s approach to our EASI model results in its modification
which can be written as follows:

whit � Φ Ziθ� � αi0 �
X

N
j�1

γ ij ln phjt �
X

L
l�1

βily
l
ht �

X
S
k�1

αikDhtk

h
(6)

�
X

R
r�1

κirReghtr �
X

T
t�1

ηitYearht
i
� µiφ Ziθ� � � κhit ;

where Φ Ziθ� � is the cumulative distribution function, φ Ziθ� � is the probability density
function, Zi is a vector of household demographic characteristics discussed in the data sec-
tion, θ is a conformable vector of parameters, μi is a parameter to be estimated, and κhit is
the error term.

Price elasticities of demand and expenditure elasticities are computed based on the for-
mulas derived by Zhen et al. (2013). Using the parameter estimates from the censored
EASI model, the compensated (Hicksian) price elasticities (eCij ) can be calculated as follows:

eCij �
γ ijΦ Ziθ� �

wi
� wj � δij; for any i; j � 1; : : : ;N; (7)

where δij is the Kronecker delta, which is equal to 1 if i=j and 0 otherwise. The expenditure
elasticity associated with the censored EASI model is given by:

E � diag W� �� ��1 IN � BP0� ��1B� �� �
#Φ Ziθ� �� �� 1N ; (8)

where E is the (N x 1) vector of expenditure elasticities,W is the (N x 1) vector of observed
product budget shares, IN is a (N x 9) identity matrix, B is an (N x 1) vector with the ith

element given by
P

L
l�1 βil ly

l�1; P is the (N x 1) vector of logarithmic prices, Φ Ziθ� � is an
(N x 1) vector, 1N is the (N x 1) vector of ones, and # represents the elementwise multipli-
cation operator. The uncompensated (Marshallian) price elasticities (eUij ) are calculated
using the Slutsky equation and compensated price elasticity (eCij ) and expenditure elasticity
(ei) estimates as follows:

eUij � eCij � eiwj: (9)

According to the law of demand, own-price elasticities of demand are expected to be
negative. At the same time, compensated cross-price elasticities of demand are anticipated
to be positive, since nuts are considered to be substitutes for each other.

Endogeneity issues
Before estimating the EASI model, issues related to endogeneity in real expenditures and
prices must be addressed. In particular, the endogeneity in real expenditures may result
due to the potential simultaneity bias in the EASI model budget share equation, where
the right-hand side real expenditures may be determined jointly with the expenditure
shares (i.e., budget shares) of individual products that enter the model on the left-hand
side. Similar to Dhar, Chavas, and Gould (2003), the issue of endogeneity in real expen-
ditures is remedied by supplementing the EASI demand model with the following real
expenditure equation:
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yht � ρ0 �
X

R
r�1

κrRegr �
X

T
t�1

ηtYeart � σht ln Incomeht � νht ; (10)

where Regr represents the region and is operationalized as a dummy variable, Yeart rep-
resents time entering the model as a dummy variable, ln_Incomeht is a logarithmic trans-
formation of household income utilized as an instrument for real expenditures, and ρ, κ, η,
and σ are parameters to be estimated. Interestingly, from equations (6) and (10), income
elasticities of demand can be derived as the product of σht and the expenditure elasticities
of demand. We expect positive income elasticities of demand, assuming nuts are a nor-
mal good.

In this study, unit values, used as proxies for prices, are not devoid of an endogeneity
issue because of two reasons. First, besides market price variations, unit values also reflect
quality variations, which is determined by the composition of household purchases over
the individual products (Deaton 1988; Dong, Shonkwiler, and Capps 1998). The second
reason for prices to be endogenous is that Homescan data, and prices therein, possess a
degree of measurement error (Zhen et al. 2013). In this study, an approach suggested by
Hausman (1997) is adopted to circumvent the endogeneity issue associated with prices.
According to this approach, for each cross-sectional unit (i.e., household), the price is
imputed as an average of prices of other nearby locations (in our case, designated market
areas). The underlying assumption is that the prices from neighboring locations reflect the
supply-side shocks only (Zhen et al. 2013). However, it needs to be noted that this under-
lying assumption for these instruments may not hold in empirical settings where, for
example, national-level promotional campaigns result in positive demand shocks that
are common to multiple markets in the country. A set of equations for prices model
the endogenous prices (phjt) as a function of region, time, and logarithmic transformation
of the Hausman-type price instruments (p̄hjt) as follows:

phjt � π0 �
X

R
r�1

ϕrRegr �
X

T
t�1

νtYeart � τp̄hjt � ψht (11)

The issues of expenditure and price endogeneity were checked using a test developed by
Durbin (1954), Wu (1973), and Hausman (1978), commonly referred to as the DWH test.
The DWH test details are presented in Dhar, Chavas, and Gould (2003). The idea of the
test is that it checks for statistically significant differences in the parameter estimates asso-
ciated with the variables deemed to be endogenous. These parameter estimates come from
two demand systems that are estimated with one of them not addressing potential endo-
geneity, while the other one directly controlling for it. With the null hypothesis supporting
exogeneity, the test statistic follows a χ2(g) distribution with g indicating the number of
potentially endogenous variables.

Data
For this study, household-level balanced panel data derived from the Nielsen Homescan
panels1 from January 1 of 2009 through December 31 of 2015 are used. Nielsen Homescan
panels are the largest ongoing nationally representative longitudinal survey of households,
where panel members use patented handheld scanners to record all their grocery items for
at-home consumption purchased at any store for a given period. Nielsen Homescan panel
data include both purchase and household demographic information (age, educational

1The conclusions drawn from the NielsenIQ data are those of the researcher(s) and do not reflect the
views of NielsenIQ. NielsenIQ is not responsible for, had no role in, and was not involved in analyzing
and preparing the results reported herein.

Agricultural and Resource Economics Review 289

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
2.

11
 P

ub
lis

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://doi.org/10.1017/age.2022.11


attainment, race, ethnicity of household heads, household size, presence of children in the
household, income, region of residence, etc.).

For the present study, the sample size consists of 106,491 observations and the data
cover information on prices and quantities associated with nine types of nuts: peanuts,
pecans, almonds, cashews, walnuts, pistachios, mixed nuts, macadamia nuts, and other
nuts (other nuts include mostly hazelnuts/filberts along with Brazil nuts, nuts toppings,
pumpkin nuts, and sunflower seeds). The balanced panel data used include households
who purchased a nut type at least once annually for a total of 15,213 unique households
for each year. It is worth noting that while peanuts are not technically a true nut, as they are
a legume, however, the proteins contained in peanuts are similar in structure to those
found in tree nuts. As such, hereafter, all the products considered will be referred to
as nuts.

For every household, quantities of each nut purchased are aggregated annually and
expressed in ounces. Since Nielsen Homescan panel data do not report prices, unit values
are used in lieu of them. These unit values (henceforth prices), obtained as a ratio of total
expenditure divided by the quantity purchased of nuts, are expressed in dollars per ounce.
It needs to be noted that for households that reported zero purchases of any nuts and con-
sequently zero expenditures, price imputation had to be done. Following Kyureghian,
Capps, and Nayga (2011), Alviola and Capps (2010), and Dharmasena and Capps
(2014), actual prices of nuts were regressed as a function of household size, household
income, and region, and the predicted values for prices were developed and used in further
analysis. In these regressions, household size was expected to account for the differences in
sociodemographic conditions, household income was expected to account for various lev-
els of product quality, and region was anticipated to allow for spatial variations in price.
Additionally, the data set is augmented with information on participant households’
demographic characteristics including the age, education, race, and ethnicity of the house-
hold head as well as household size, the presence of children in the household, region of
residence, and household income.

The descriptive statistics associated with the variables used in this study are shown in
Table 1. In particular, the average amounts purchased of peanuts (81.8457 ounces), pecans
(9.9003 ounces), almonds (28.7807 ounces), cashews (22.8461 ounces), walnuts (17.0197
ounces), pistachios (15.6047 ounces), mixed nuts (31.2800 ounces), other nuts (14.1501
ounces), and macadamia nuts (0.1302 ounces) reveal that the most prevalent nut is pea-
nuts, while the least prevalent nut is macadamia nuts. According to the values of the mean
prices, macadamia nuts are the most expensive nut with an average price of $0.8282 per
ounce, while the least expensive nut is peanuts at $0.1637 per ounce on average. The mean
budget shares indicate that peanuts account for the largest share in expenditures with
22.4245%, while macadamia nuts take up the lowest share of 0.28475%. The mean budget
shares of pecans, almonds, cashews, walnuts, pistachios, mixed nuts, and other nuts are
8.3828%, 15.0465%, 12.7255%, 10.8134%, 8.6878%, 14.4950%, and 7.1397%, respectively.

In the Nielsen Homescan panel data, household income is expressed in thousand dol-
lars and is recorded in corresponding brackets. The household income variable is incor-
porated into the analysis by using the median point for a bracket to record the actual
income for a household. For instance, for a bracket of $5,000–$7,999, a value of $6,500
is recorded as an actual household income. The average of the median household income
is $61,159. The household size shows the actual number of household members, which on
average is 2.24 in our sample.

The rest of the household demographic characteristics enter the analysis as dummy
variables. The distribution of the age of the household head characteristic has nine cate-
gories: under 25 years, 25–29 years, 30–34 years, 35–39 years, 40–44 years, 45–49 years,
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Table 1. Descriptive statistics and description of variables, n= 106,491

Variables Description Mean
Standard
deviation

q_pea Quantity of peanuts (ounce) 81.8457 230.8934

q_pec Quantity of pecans (ounce) 9.9003 32.9097

q_alm Quantity of almonds (ounce) 28.7807 97.1330

q_cas Quantity of cashews (ounce) 22.8461 61.2025

q_wal Quantity of walnuts (ounce) 17.0197 53.4962

q_pis Quantity of pistachios (ounce) 15.6047 52.9159

q_mix Quantity of mixed nuts (ounce) 31.2800 81.8265

q_oth Quantity of other nuts (ounce) 14.1501 50.0985

q_mac Quantity of macadamia nuts (ounce) 0.1302 0.8291

p_pea Price of peanuts ($/ounce) 0.1637 0.0848

p_pec Price of pecans ($/ounce) 0.5719 0.1492

p_alm Price of almonds ($/ounce) 0.4285 0.1691

p_cas Price of cashews ($/ounce) 0.3915 0.1068

p_wal Price of walnuts ($/ounce) 0.4483 0.1317

p_pis Price of pistachios ($/ounce) 0.4480 0.1319

p_mix Price of mixed nuts ($/ounce) 0.3559 0.1031

p_oth Price of other nuts ($/ounce) 0.3340 0.4357

p_mac Price of macadamia nuts ($/ounce) 0.8282 0.1511

w_pea Budget share of peanuts (%) 22.4245 0.2935

w_pec Budget share of pecans (%) 8.38280 0.1771

w_alm Budget share of almonds (%) 15.0465 0.2369

w_cas Budget share of cashews (%) 12.7255 0.2256

w_wal Budget share of walnuts (%) 10.8134 0.2033

w_pis Budget share of pistachios (%) 8.68780 0.1924

w_mix Budget share of mixed nuts (%) 14.4950 0.2400

w_oth Budget share of other nuts (%) 7.13970 0.1679

w_mac Budget share of macadamia nuts (%) 0.28475 0.0304

income Median household income 61,159 28,107

hsize Number of household members 2.2436 1.1339

agehhunde25 Age of the household head: under 25 years 0.0004 0.0191

agehh25to29 Age of the household head: 25–29 years 0.0027 0.0522

agehh30to34 Age of the household head: 30–34 years 0.0110 0.1045

(Continued)
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Table 1. (Continued )

Variables Description Mean
Standard
deviation

agehh35to39 Age of the household head: 35–39 years 0.0274 0.1632

agehh40to44 Age of the household head: 40–44 years 0.0564 0.2307

agehh45to49 Age of the household head: 45–49 years 0.1029 0.3038

agehh50to54 Age of the household head: 50–54 years 0.1503 0.3574

agehh55to64 Age of the household head: 55–64 years 0.3519 0.4776

agehhgabo64* Age of the household head: 65 years and above 0.2970 0.4570

eduhh_lesshigh Education of the household head: less than high
school

0.0078 0.0879

eduhh_highschool Education of the household head: high school
only

0.1695 0.3752

eduhh_somecollege Education of the household head: some college
experience

0.2744 0.4462

eduhh_grad* Education of the household head: college degree 0.5483 0.4977

White Race of the household head: White 0.8503 0.3568

Black Race of the household head: Black 0.0865 0.2812

Asian Race of the household head: Asian 0.0277 0.1640

Other* Race of the household head: Other (non-White,
non-Black, non-Asian)

0.0355 0.1851

hispanic_yes Ethnicity of the household head: Hispanic 0.0422 0.2010

no_child Age and presence of at least one child below 18
years: no child

0.8555 0.3516

NewEngland Region: New England 0.0441 0.2053

MiddleAtlantic Region: Middle Atlantic 0.1163 0.3206

ENCentral Region: East North Central 0.1907 0.3928

WNCentral Region: West North Central 0.0989 0.2986

SouthAtlantic Region: South Atlantic 0.2004 0.4003

ESCentral Region: East South Central 0.0578 0.2334

WSCentral Region: West South Central 0.1011 0.3014

Mountain Region: Mountain 0.0747 0.2630

Pacific* Region: Pacific 0.1160 0.3202

Note: Asterisk denotes the base category. Researcher(s)’ own analyses calculated (or derived) based in part on data from
Nielsen Consumer LLC and marketing databases provided through the NielsenIQ Datasets at the Kilts Center for
Marketing Data Center at The University of Chicago Booth School of Business.
The number of zeros (censoring) in the consumption of peanuts, pecans, almonds, cashews, walnuts, pistachios, mixed
nuts, other nuts, and macadamia nuts is 38,087, 72,007, 54,324, 62,849, 65,525, 76,203, 60,746, 69,851, and 102,816,
respectively.
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50–54 years, 55–64 years, and 65 years and above. More than one-third of the
sample households have heads aged from 55 to 64 years. Close to 30% of the household
heads are 65 years of age and above. Slightly more than 15% of household heads are
between the ages of 50 and 54 years, slightly more than 10% of household heads
are between the ages of 45 and 49 years, and slightly more than 5% of household heads
are between the ages of 40 and 44 years. Roughly 4% of household heads are less than 40
years of age in the sample. The educational attainment of household heads is broken down
into four categories: less than high school degree, high school degree only, some college
experience, and at least a college degree. As the educational profile of the household heads
indicate, 54.83% of the sample households have heads with at least a college degree and
27.44% of the sample households have heads with some college experience.

The race characteristic consists of four categories: White, Black, Asian, and other.
Households with White heads comprise 85.03% of the sample, households with Black
heads constitute 8.65% of the sample, and households whose heads are Asian comprise
2.77% of the sample. Households whose heads are neither White, Black, nor Asian com-
prise 3.55% of the sample. Household ethnicity has two categories: Hispanic and non-
Hispanic. The ethnicity profile of the household heads suggests that only 4.22% of the
sample households have heads of Hispanic ethnicity. The characteristic of age and pres-
ence of children in the household consists of two categories: at least one child below 18
years of age in the household and no children in the household less than 18 years of age.
The majority of the sample households (85.55%) reported not having children below 18
years of age. The region characteristic is classified into nine categories: New England
(4.41%), Middle Atlantic (11.63%), East North Central (19.07%), West North Central
(9.89%), South Atlantic (20.04%), East South Central (5.78%), West South Central
(10.11%), Mountain (7.47%), and Pacific (11.6%). The majority of the sample households
reside in the South Atlantic, East North Central, Middle Atlantic, Pacific, and West South
Central regions.

Estimation results

The LA-EASI model for nine nut types, the expenditure equation, and the price equations
given in (6), (10), and (11), respectively, are estimated using the MODEL procedure in the
SAS 9.4 statistical software (SAS 9.4 2013). The budget share equation for macadamia nuts
is left out to circumvent the singularity of the variance–covariance matrix of error terms,
attributed to the budget shares adding up to one in the EASI model. The parameters of the
omitted budget share equation are subsequently derived utilizing the parametric restric-
tions of adding-up, homogeneity, and symmetry.

To determine the proper degree of real expenditure polynomial function (i.e., the shape
of the Engel curves), the EASI model is estimated with the degree initially pegged at one
and then sequentially increasing by unity. Then, the likelihood ratio test is used to assess
the superiority of more general models. The p-values of the χ2 test statistic from the
likelihood ratio tests for various degrees of real expenditures (up to the quintic/5th degree)
shown in Table 2 did not yield a conclusive result in favor of a specific degree (p-values
= 0.0001 rejecting a particular specification). The final choice of the Engel curve structure
was settled at the quintic/5th degree polynomial in real expenditures because we believe
that this specific degree is sophisticated enough to reflect the curvilinearity in real expen-
diture function reasonably well (the sextic/6th degree did not provide qualitatively different
results compared to the quintic/5th degree). The key point is that the appropriate degree of
real total expenditure is not one or two. As such, the EASI model is statistically superior to
linear or quadratic demand systems.
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The estimated DWH χ2 statistic of 3,524.4 and its associated p-value of zero reject the
null hypothesis of exogeneity and imply that total expenditure and prices are endogenous.
Moreover, the results from the first-stage F-test decisively confirm that the expenditure
and price instruments meet the relevance criterion (the p-value is equal to less than
0.0001). Finally, the p-value of the χ2 statistic (0.0001) implies that regional and time fixed
effects significantly contribute to the explanatory power of the EASI model. A similar con-
clusion is reached for age, education, and race variables (p-value= 0.0001).

The parameter estimates from the expenditure and price equations are not reported for
brevity (they are available upon request). However, the vast majority of the parameter esti-
mates indeed are statistically significant at the 1% significance level, possessing the antici-
pated signs. Table 3 shows the parameter estimates, the corresponding standard errors,
and the goodness-of-fit (R2) statistics from the EASI demand model.2 The R2s, computed
by squaring the correlation coefficient of actual and predicted values of the dependent var-
iable, range from 0.0004 (macadamia nuts) to 0.0335 (other nuts). Most of the parameter
estimates are statistically significant at the conventional significance levels. In particular,
household income is negatively related to the budget shares of peanuts, walnuts, other
nuts, and macadamia nuts, while positively affecting the budget shares of pecans, almonds,
cashews, pistachios, and mixed nuts. An increase in the household size leads to an increase
in the budget shares of peanuts, pecans, cashews, pistachios, and mixed nuts, and to a
decrease in the budget shares of other nuts and macadamia nuts.

Compared to households with heads aged above 64 years, households with heads aged
under 25 years allocate higher shares of their nut expenditures to macadamia nuts and
lower shares of their nut expenditures to peanuts, cashews, mixed nuts, and other nuts.
Compared to households with heads aged above 64 years, households with heads aged
between 25 and 29 years allocate higher shares of their nut expenditures to other nuts
and macadamia nuts, and lower shares of their nut expenditures to pecans, cashews,
and mixed nuts. Compared to households with heads aged above 64 years, households
with heads aged between 30 and 34 years tend to allocate higher shares of their nut expen-
ditures to almonds and macadamia nuts, and lower shares of their nut expenditures to
peanuts, pecans, cashews, walnuts, mixed nuts, and other nuts. Compared to households
with heads aged above 64 years, households with heads aged between 35 and 39 years tend
to allocate higher shares of their nut expenditures to almonds and macadamia nuts, and
lower shares of their nut expenditures to peanuts, pecans, cashews, walnuts, and mixed
nuts. Compared to households with heads aged above 64 years, households with heads
aged between 40 and 44 years, between 45 and 49 years, and between 50 and 54 years
allocate higher shares of their nut expenditures to almonds, pistachios, and macadamia
nuts, and lower shares of their nut expenditures to peanuts, pecans, cashews, walnuts,
mixed nuts, and other nuts. Compared to households with heads aged above 64 years,
households with heads aged between 55 and 64 years allocate higher shares of their
nut expenditures to almonds, cashews, pistachios, and macadamia nuts, and lower shares
of their nut expenditures to peanuts, pecans, walnuts, mixed nuts, and other nuts.

Relative to households with heads who have a college degree, households with heads
who have less than high school education have higher budget shares for cashews and other
nuts, but lower budget shares for pecans, almonds, and mixed nuts. Relative to households
with heads who have a college degree, households with heads who have high school edu-
cation have higher budget shares for peanuts, walnuts, other nuts, and macadamia nuts,
but lower budget shares for pecans, almonds, cashews, and mixed nuts. Relative to house-
holds with heads who have a college degree, households with heads who have some college

2Table 3 is included as supplementary material, since its size is too large.
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education have higher budget shares for peanuts, cashews, and pistachios, but lower bud-
get shares for almonds and mixed nuts.

Households with White heads have higher budget shares for mixed nuts and macad-
amia nuts, but lower budget shares for cashews as opposed to households with heads of
other races. Households with Black heads allocate more of their nut expenditures to
pecans, cashews, other nuts, and macadamia nuts but allocate less of their nut expenditures
to peanuts, almonds, walnuts, and mixed nuts, as opposed to households with heads of
other races. Households with Asian heads have higher budget shares for peanuts, pista-
chios, and mixed nuts, but lower budget shares for pecans, cashews, and walnuts, as
opposed to households with heads of other races.

Hispanic households allocate more of their nut expenditures to pistachios and macad-
amia nuts, and less of their nut expenditures to peanuts, pecans, cashews, and other nuts,

Table 2. The EASI model diagnostic tests

Hypotheses
Test

statistic P-value

Linear versus quadratic Engel curves (χ2 test) 1,489.2 0.0001

Quadratic versus cubic Engel curves (χ2 test) 1,240.8 0.0001

Cubic versus quartic Engel curves (χ2 test) 1,134.6 0.0001

Quartic versus quintic Engel curves (χ2 test) 1,004.8 0.0001

Durbin–Wu–Hausman test of price and expenditure exogeneity (χ2 test) 3,524.4 0.0001

First-stage regression for instrument relevance, total expenditures (F-test) 105.7 0.0001

First-stage regression for instrument relevance, price of peanuts (F-test) 627.4 0.0001

First-stage regression for instrument relevance, price of pecans (F-test) 2,763.5 0.0001

First-stage regression for instrument relevance, price of almonds (F-test) 1,347.8 0.0001

First-stage regression for instrument relevance, price of cashews (F-test) 2,685.6 0.0001

First-stage regression for instrument relevance, price of walnuts (F-test) 4,263.1 0.0001

First-stage regression for instrument relevance, price of pistachios (F-test) 7,828.9 0.0001

First-stage regression for instrument relevance, price of mixed nuts (F-test) 1,978.1 0.0001

First-stage regression for instrument relevance, price of other nuts (F-test) 1,021.7 0.0001

First-stage regression for instrument relevance, price of macadamia nuts
(F-test)

62,968.2 0.0001

Region fixed effects do not have significant effects on nuts demand
(χ2 test)

5,647.2 0.0001

Time fixed effects do not have significant effects on nuts demand (χ2 test) 1,603.8 0.0001

Age does not have significant effects on nuts demand (χ2 test) 4,969.8 0.0001

Education does not have significant effects on nuts demand (χ2 test) 4,292.6 0.0001

Race does not have significant effects on nuts demand (χ2 test) 2,772.0 0.0001

Note: Researcher(s)’ own analyses calculated (or derived) based in part on data from Nielsen Consumer LLC and
marketing databases provided through the NielsenIQ Datasets at the Kilts Center for Marketing Data Center at The
University of Chicago Booth School of Business.
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Table 3. Parameter estimates, standard errors, and goodness-of-fit statistics (R2) from the EASI demand model

Parameters Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

Intercept (αi0) 0.0711 –1.0018** –0.5225*** –2.3940*** –0.7042** –2.2821*** –2.8280*** 1.4105*** 9.2509***

(0.0660) (0.4783) (0.1966) (0.4851) (0.2949) (0.5892) (0.4218) (0.2003) (0.8937)

Peanut price (γ1i) –0.0094 0.0026 –0.0102 0.0019 0.0059 0.0072 0.0076 0.0118* –0.0173*

(0.0113) (0.0072) (0.0064) (0.0103) (0.0082) (0.0104) (0.0097) (0.0071) (0.0089)

Pecan price (γ2i) –0.0109 0.0007 0.0104 –0.0043 –0.0122 –0.0041 0.0017 0.0161**

(0.0095) (0.0060) (0.0102) (0.0081) (0.0108) (0.0091) (0.0058) (0.0072)

Almond price (γ3i) –0.0122* –0.0087 –0.0015 –0.0020 0.0068 0.0074 0.0196***

(0.0074) (0.0098) (0.0074) (0.0096) (0.0078) (0.0051) (0.0062)

Cashew price (γ4i) –0.0161 –0.0004 0.0134 –0.0064 –0.0005 0.0063

(0.0199) (0.0122) (0.0160) (0.0127) (0.0090) (0.0123)

Walnut price (γ5i) –0.0274** –0.0090 0.0001 –0.0087 0.0453***

(0.0122) (0.0113) (0.0100) (0.0075) (0.0076)

Pistachio price (γ6i) –0.0240 –0.0015 0.0092 0.0189*

(0.0193) (0.0127) (0.0096) (0.0103)

Mixed nut price (γ7i) –0.0230* –0.0074 0.0280***

(0.0134) (0.0076) (0.0095)

Other nut price (γ8i) –0.0107 –0.0027

(0.0073) (0.0069)

Macadamia nut price (γ9i) –0.1142***

(0.0129)

(Continued)
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Table 3. (Continued )

Parameters Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

Real expenditure (βi1) –0.7275*** –0.5624*** 0.4006*** 0.4643*** 0.6908*** 0.7132*** –0.1844*** 0.3324*** –1.1270***

(0.0314) (0.0262) (0.0205) (0.0445) (0.0368) (0.0406) (0.0375) (0.0303) (0.0299)

Real expenditure (βi2) 0.3847*** 0.2634*** –0.2314*** –0.2277*** –0.3144*** –0.2481*** 0.1062*** –0.2611*** 0.5283***

(0.0200) (0.0186) (0.0153) (0.0307) (0.0250) (0.0304) (0.0268) (0.0206) (0.0204)

Real expenditure (βi3) –0.0904*** –0.0572*** 0.0598*** 0.0510*** 0.0653*** 0.0421*** –0.0261*** 0.0716*** –0.1161***

(0.0056) (0.0057) (0.0047) (0.0092) (0.0074) (0.0095) (0.0082) (0.0062) (0.0060)

Real expenditure (βi4) 0.0095*** 0.0058*** –0.0071*** –0.0052*** –0.0063*** –0.0034** 0.0031*** –0.0083*** 0.0119***

(0.0007) (0.0008) (0.0006) (0.0013) (0.0010) (0.0013) (0.0011) (0.0008) (0.0008)

Real expenditure (βi5) –0.0004*** –0.0002*** 0.0003*** 0.00020*** 0.0002*** 0.0001 –0.0002*** 0.0004*** –0.0005***

(0.0001) (0.0001) (0.00001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

log of income –0.0374*** 0.0524*** 0.0215** 0.0062** –0.0094* 0.0521*** 0.0890*** –0.0346*** –0.1398***

(0.0023) (0.0163) (0.0104) (0.0033) (0.0053) (0.0196) (0.0123) (0.0032) (0.0275)

Hsize 0.0529*** 0.0323*** 0.0023 0.0388*** 0.0105 0.0249*** 0.0315*** –0.0257*** –0.1675***

(0.0045) (0.0090) (0.0014) (0.0118) (0.0070) (0.0076) (0.0062) (0.0051) (0.0166)

agehhunde25 –0.1848** –0.0753 0.1129 –0.4123** 0.0410 0.0485 –0.2914** –0.1832** 0.9446***

(0.0840) (0.0853) (0.0704) (0.1653) (0.0609) (0.1576) (0.1293) (0.0899) (0.1240)

agehh25to29 –0.0105 –0.2821*** 0.0062 –0.6428*** –0.0781 –0.0836 –0.4116*** 0.0408** 1.4618***

(0.0226) (0.0700) (0.0204) (0.1615) (0.0717) (0.0562) (0.0729) (0.0191) (0.1713)

agehh30to34 –0.0516*** –0.0608*** 0.0591*** –0.2320*** –0.1535*** 0.0117 –0.5083*** –0.0439* 0.9794***

(0.0143) (0.0223) (0.0129) (0.0533) (0.0470) (0.0211) (0.0685) (0.0242) (0.0872)

(Continued)
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Table 3. (Continued )

Parameters Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

agehh35to39 –0.0998*** –0.1050*** 0.0601*** –0.1859*** –0.1681*** –0.0048 –0.5279*** –0.0404 1.0716***

(0.0133) (0.0262) (0.0091) (0.0466) (0.0534) (0.0165) (0.0712) (0.0268) (0.0916)

agehh40to44 –0.0279*** –0.1085*** 0.0572*** –0.0997*** –0.1692*** 0.0364*** –0.4306*** –0.0546** 0.7969***

(0.0078) (0.0300) (0.0086) (0.0251) (0.0551) (0.0130) (0.0572) (0.0255) (0.0830)

agehh45to49 –0.0243*** –0.0681*** 0.0486*** –0.0540*** –0.1376*** 0.0700*** –0.2772*** –0.0726*** 0.5152***

(0.0057) (0.0226) (0.0078) (0.0125) (0.0413) (0.0203) (0.0348) (0.0265) (0.0637)

agehh50to54 –0.0257*** –0.0393*** 0.0368*** –0.0194*** –0.0994*** 0.0538*** –0.2001*** –0.0655*** 0.3588***

(0.0047) (0.0117) (0.0064) (0.0066) (0.0305) (0.0175) (0.0255) (0.0224) (0.0480)

agehh55to64 –0.0205*** –0.0187*** 0.0257*** 0.0653*** –0.0578*** 0.0476*** –0.0938*** –0.0461*** 0.0983***

(0.0033) (0.0070) (0.0062) (0.0149) (0.0154) (0.0165) (0.0120) (0.0148) (0.0341)

eduhh_lesshigh 0.0146 –0.0813*** –0.0989** 0.1558*** –0.0111 –0.0664 –0.1132*** 0.0989*** 0.1017

(0.0135) (0.0212) (0.0498) (0.0206) (0.0156) (0.0544) (0.0243) (0.0161) (0.0646)

eduhh_highschool 0.0566*** –0.0295*** –0.0545*** –0.0396*** 0.0077* –0.0113 –0.0721*** 0.0186*** 0.1242***

(0.0041) (0.0103) (0.0185) (0.0101) (0.0044) (0.0108) (0.0112) (0.0039) (0.0228)

eduhh_somecollege 0.0372*** –0.0016 –0.0355*** 0.0173*** –0.0035 0.0139*** –0.0254*** –0.0012 –0.0011

(0.0036) (0.0032) (0.0103) (0.0048) (0.0035) (0.0041) (0.0050) (0.0042) (0.0120)

White –0.0102 0.0115 0.0064 –0.0868*** –0.0019 –0.0197 0.0161* 0.0091 0.0756***

(0.0076) (0.0099) (0.0067) (0.0198) (0.0092) (0.0145) (0.0097) (0.0089) (0.0233)

Black –0.0214** 0.0333*** –0.0441** 0.0458*** –0.0399** –0.0145 –0.0352*** 0.0215** 0.0545*

(0.0093) (0.0126) (0.0188) (0.0107) (0.0163) (0.0197) (0.0118) (0.0088) (0.0295)

(Continued)
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Table 3. (Continued )

Parameters Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

Asian 0.0569*** –0.0917** –0.0006 –0.0803*** –0.0698*** 0.1527*** 0.0430*** 0.0107 –0.0209

(0.0104) (0.0388) (0.0096) (0.0184) (0.0226) (0.0456) (0.0138) (0.0133) (0.0646)

hispanic_yes –0.0475*** –0.0250* –0.0022 –0.2099*** 0.0039 0.0468*** 0.0017 –0.0576*** 0.2898***

(0.0075) (0.0132) (0.0059) (0.0407) (0.0081) (0.0146) (0.0087) (0.0152) (0.0461)

no_child 0.0868*** 0.0364** 0.0078* 0.0727*** 0.0212 0.0065 0.1325*** 0.0190** –0.3829***

(0.0073) (0.0144) (0.0045) (0.0201) (0.0171) (0.0067) (0.0210) (0.0085) (0.0302)

Region fixed effects

NewEngland 0.0408*** –0.0327** –0.0069 0.1649*** 0.0991** 0.0365*** –0.0358*** 0.0690*** –0.3350***

(0.0077) (0.0134) (0.0109) (0.0384) (0.0402) (0.0131) (0.0097) (0.0180) (0.0516)

MiddleAtlantic 0.0198*** –0.1044*** –0.0152 0.1636*** 0.1058*** 0.0667*** –0.1493*** 0.0760*** –0.1630***

(0.0057) (0.0227) (0.0096) (0.0346) (0.0340) (0.0133) (0.0141) (0.0207) (0.0510)

ENCentral 0.0898*** 0.1818*** 0.0027 0.1920*** 0.0501* –0.0231* –0.1014*** –0.0065 –0.3854***

(0.0079) (0.0470) (0.0056) (0.0440) (0.0295) (0.0121) (0.0076) (0.0084) (0.0686)

WNCentral 0.1280*** 0.1692*** 0.0066 0.0727*** –0.0299*** –0.1049*** 0.0546*** –0.0680*** –0.2285***

(0.0102) (0.0436) (0.0059) (0.0232) (0.0086) (0.0346) (0.0137) (0.0133) (0.0573)

SouthAtlantic 0.0891*** 0.1579*** 0.0003 0.1632*** 0.0045 –0.0438*** 0.1201*** 0.0383*** –0.5297***

(0.0074) (0.0401) (0.0051) (0.0389) (0.0181) (0.0165) (0.0225) (0.0136) (0.0568)

ESCentral 0.1759*** 0.2741*** 0.0041 0.0917*** –0.0315** –0.1480*** 0.1597*** 0.0129 –0.5389***

(0.0124) (0.0647) (0.0081) (0.0275) (0.0135) (0.0430) (0.0284) (0.0126) (0.0773)

(Continued)
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Table 3. (Continued )

Parameters Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

WSCentral 0.0736*** 0.2802*** –0.0039 –0.0823*** –0.0350*** –0.1144*** 0.0761*** 0.0014 –0.1956***

(0.0073) (0.0652) (0.0057) (0.0137) (0.0074) (0.0380) (0.0152) (0.0072) (0.0701)

Mountain –0.0641*** 0.1632*** –0.0075 0.1471*** 0.0211 0.0099 –0.0400*** –0.0301*** –0.1994***

(0.0068) (0.0440) (0.0052) (0.0321) (0.0159) (0.0087) (0.0076) (0.0083) (0.0560)

Time fixed effects

dv2009 0.0199*** 0.0029 0.0495*** 0.0257*** 0.0033 –0.0420*** –0.0135** –0.0868*** 0.0410***

(0.0055) (0.0056) (0.0051) (0.0074) (0.0058) (0.0083) (0.0066) (0.0049) (0.0052)

dv2010 0.0221*** 0.0023 0.0457*** 0.0224*** –0.0082 –0.0201*** –0.0137** –0.0911*** 0.0406***

(0.0050) (0.0050) (0.0047) (0.0064) (0.0054) (0.0072) (0.0060) (0.0045) (0.0047)

dv2011 0.0223*** 0.0124** 0.0454*** –0.0149** –0.0175*** 0.0468*** –0.0206*** –0.1049*** 0.0311***

(0.0050) (0.0051) (0.0047) (0.0065) (0.0053) (0.0070) (0.0062) (0.0046) (0.0046)

dv2012 0.0286*** 0.0125** 0.0324*** –0.0277*** –0.0202*** 0.0751*** –0.0220*** –0.1069*** 0.0281***

(0.0052) (0.0053) (0.0050) (0.0068) (0.0056) (0.0072) (0.0064) (0.0047) (0.0047)

dv2013 0.0244*** 0.0123*** 0.0311*** –0.0097 –0.0247*** 0.0564*** –0.0166*** –0.0998*** 0.0265***

(0.0047) (0.0046) (0.0046) (0.0061) (0.0050) (0.0066) (0.0058) (0.0044) (0.0044)

dv2014 0.0111*** 0.0053 0.0115*** –0.0058 –0.0144*** 0.0175*** –0.0065 –0.0341*** 0.0154***

(0.0044) (0.0046) (0.0044) (0.0060) (0.0049) (0.0064) (0.0056) (0.0040) (0.0042)

R2 0.0068 0.0173 0.0163 0.0043 0.0159 0.0143 0.0073 0.0335 0.0004

Note: Values in parentheses are the standard errors. Single, double, and triple asterisks (*,**,***) indicate statistical significance at the 10%, 5%, and 1% level, respectively.
Researcher(s)’ own analyses calculated (or derived) based in part on data from Nielsen Consumer LLC and marketing databases provided through the NielsenIQ Datasets at the Kilts Center for
Marketing Data Center at The University of Chicago Booth School of Business.
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as opposed to non-Hispanic households. Budget shares for peanuts, pecans, almonds,
cashew, mixed nuts, and other nuts are higher for households with no children aged below
18 years, in contrast to households with at least one child aged below 18 years. But house-
holds with no children aged below 18 years have lower budget shares for macadamia nuts,
in contrast to households with at least one child aged below 18 years.

Compared to households living in the Pacific region, households living in New England
and Middle Atlantic regions allocate more of their nut expenditures to peanuts, cashews,
walnuts, pistachios, and other nuts and allocate less of their nut expenditures to pecans,
mixed nuts, and macadamia nuts. Compared to households living in the Pacific region,
households living in the East North Central region allocate more of their nut expenditures
to peanuts, pecans, cashews, and walnuts and allocate less of their nut expenditures to
pistachios, mixed nuts, and macadamia nuts. Compared to households living in the
Pacific region, households living in the West North Central region allocate more of their
nut expenditures to peanuts, pecans, cashews, and mixed nuts and allocate less of their nut
expenditures to walnuts, pistachios, other nuts, and macadamia nuts. Compared to house-
holds living in the Pacific region, households living in the South Atlantic region allocate
more of their nut expenditures to peanuts, pecans, cashews, mixed nuts, and other nuts
and allocate less of their nut expenditures to pistachios and macadamia nuts. Compared to
households living in the Pacific region, households living in the East South Central region
allocate more of their nut expenditures to peanuts, pecans, cashews, and mixed nuts and
allocate less of their nut expenditures to walnuts, pistachios, and macadamia nuts.
Compared to households living in the Pacific region, households living in the West
South Central region allocate more of their nut expenditures to peanuts, pecans, and mixed
nuts and allocate less of their nut expenditures to cashews, walnuts, pistachios, and mac-
adamia nuts. Compared to households living in the Pacific region, households living in the
Mountain region allocate more of their nut expenditures to pecans and cashews and allo-
cate less of their nut expenditures to peanuts, mixed nuts, other nuts, and macadamia nuts.

Table 4 depicts uncompensated (Marshallian) own-price, cross-price, expenditure, and
income elasticities of demand from the EASI model computed at the sample means. All the
uncompensated own-price elasticities of demand are statistically significant, negative, as
anticipated, and are greater than one in absolute value, implying that the demand for
all nuts is elastic. This result may be attributed to the large number of available substitutes
in the nut category. In particular, the magnitudes of own-price elasticities of demand for
peanuts (–1.0149), pecans (–1.0368), almonds (–1.0464), cashews (–1.0512), walnuts
(–1.0982), pistachios (–1.0820), mixed nuts (–1.0742), other nuts (–1.0567), and macad-
amia nuts (–2.3836) were different from those reported by Cheng, Capps, and Dharmasena
(2021b). In the aforementioned study, the own-price elasticities for the same nut categories
were as follows: peanuts (–1.5238), pecans (–1.8623), almonds (–2.0846), cashews
(–2.0790), walnuts (–0.7385), macadamia nuts (–1.8942), pistachios (–0.3139), mixed nuts
(–1.7782), and other nuts (–1.5492). Differences are attributed to functional form
(QUAIDS versus EASI), time period 2004 to 2015 as opposed to 2009 to 2015, and level
of aggregation (household versus market). Except for walnuts, macadamia nuts, and pis-
tachios, the own-price elasticities of demand were larger in the Cheng, Capps, and
Dharmasena study (2021b) compared to our study based on the EASI demand system.

All expenditure elasticities are positive and statistically significant. Based on the expen-
diture elasticities, peanuts (0.9460), pecans (0.9371), cashews (0.9960), and macadamia
nuts (0.7867) emerge as less responsive to changes in expenditure, whereas almonds
(1.0449), walnuts (1.0068), pistachios (1.0373), mixed nuts (1.0424), and other nuts
(1.0693) are more responsive. These findings are consistent with the results obtained
by Lopez and Grigoryan (2018) and Asci and Devadoss (2021). As expected, all estimated
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Table 4. Uncompensated (Marshallian) price, expenditure, income elasticity estimates, and associated standard errors from the EASI demand model

Nut types Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts
Expenditure
elasticity

Income
elasticity

Peanuts –1.0149*** 0.0120 –0.0211 0.0123 0.0228 0.0253 0.0295 0.0376* –0.0494* 0.9460*** 0.1832***

(0.0324) (0.0205) (0.0184) (0.0295) (0.0236) (0.0297) (0.0276) (0.0204) (0.0256) (0.0027) (0.0049)

Pecans 0.0242 –1.0368*** 0.0123 0.0481 –0.0099 –0.0416 –0.0068 0.0109 0.0624** 0.9371*** 0.1814***

(0.0277) (0.0366) (0.0233) (0.0392) (0.0312) (0.0416) (0.0350) (0.0223) (0.0280) (0.0032) (0.0049)

Almonds –0.0433** –0.0014 –1.0464*** –0.0340 –0.0096 –0.0102 0.0155 0.0209 0.0636*** 1.0449*** 0.2023***

(0.0209) (0.0196) (0.0239) (0.0319) (0.0241) (0.0314) (0.0255) (0.0167) (0.0201) (0.0022) (0.0054)

Cashews 0.0070 0.0338 –0.0273 –1.0512*** –0.0008 0.0436 –0.0200 –0.0014 0.0203 0.9960*** 0.1928***

(0.0331) (0.0327) (0.0315) (0.0642) (0.0392) (0.0515) (0.0408) (0.0291) (0.0396) (0.0029) (0.0052)

Walnuts 0.0195 –0.0160 –0.0063 –0.0023 –1.0982*** –0.0327 –0.0007 –0.0314 0.1612*** 1.0068*** 0.1949***

(0.0293) (0.0287) (0.0264) (0.0433) (0.0433) (0.0401) (0.0355) (0.0267) (0.0270) (0.0027) (0.0052)

Pistachios 0.0152 –0.0430 –0.0120 0.0392 –0.0336 –1.0820*** –0.0103 0.0275 0.0617* 1.0373*** 0.2008***

(0.0340) (0.0353) (0.0315) (0.0523) (0.0369) (0.0631) (0.0415) (0.0314) (0.0336) (0.0025) (0.0054)

Mixed nuts 0.0129 –0.0157 0.0136 –0.0243 –0.0043 –0.0081 –1.0742*** –0.0251 0.0828*** 1.0424*** 0.2018***

(0.0286) (0.0269) (0.0232) (0.0375) (0.0296) (0.0376) (0.0399) (0.0225) (0.0281) (0.0026) (0.0054)

Other nuts 0.0412 0.0022 0.0252 –0.0113 –0.0494 0.0384 –0.0459 –1.0567*** –0.0131 1.0693*** 0.2070***

(0.0343) (0.0278) (0.0246) (0.0436) (0.0361) (0.0462) (0.0365) (0.0349) (0.0331) (0.0023) (0.0056)

Macadamia nuts –0.1617 0.2130** 0.2695*** 0.1036 0.5723*** 0.2474** 0.3699*** –0.0171 –2.3836*** 0.7867*** 0.1523***

(0.1083) (0.0877) (0.0747) (0.1491) (0.0921) (0.1245) (0.1149) (0.0833) (0.1567) (0.0021) (0.0041)

Note: Elasticities are calculated at the sample means. Values in the parentheses are the standard errors. Single, double, and triple asterisks (*,**,***) indicate statistical significance at the 10%, 5%,
and 1% level, respectively. Researcher(s)’ own analyses calculated (or derived) based in part on data from Nielsen Consumer LLC and marketing databases provided through the NielsenIQ Datasets
at the Kilts Center for Marketing Data Center at The University of Chicago Booth School of Business.
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income elasticities are positive and statistically significant. The values of income elasticity
for peanuts (0.1832), pecans (0.1814), almonds (0.2023), cashews (0.1928), walnuts
(0.1949), pistachios (0.2008), mixed nuts (0.2018), other nuts (0.2070), and macadamia
nuts (0.1523) indicate that all the nut types are necessities in economic parlance. This find-
ing was not completely in accord with the empirical results by Cheng, Capps, and
Dharmasena (2021b). Although the respective nut categories were found to be necessities
in their study, the magnitude of the income elasticities were roughly three to four times
larger in the Cheng, Capps, and Dharmasena study (2021b).

Table 5 shows the estimated compensated (Hicksian) own-price elasticity of demand
from the EASI model calculated at the sample mean values. Per the estimation results
in Table 5, similar to the uncompensated own-price elasticities, all compensated own-price
elasticities of demand are negative and statistically significant, ranging from –2.3813 (mac-
adamia nuts) to –0.8028 (peanuts). As anticipated, the vast majority of compensated cross-
price elasticities are statistically significant and positive, suggestive of net substitutability
relationships among the nut types. Specifically, the strongest significant relationship is
observed between macadamia nuts and walnuts (0.6573), while the weakest significant
relationship is between mixed nuts and other nuts (0.0494). At the same time, a significant
complementarity relationship is evident only between peanuts and macadamia nuts
(–0.0467). The net substitutability relationship among nut types also was empirically
established by Lopez and Grigoryan (2018). Cheng, Capps, and Dharmasena (2021b)
not only found evidence of net substitutes among nut products but also found evidence
of net complements as well. That said, substitution relationships were more common than
complementary relationships.

Finally, we simulate the effects of changing promotion expenditures on nut prices and
quantities demanded. In general, promotion programs are designed to benefit producers
and other interested parties in the supply chain in the form of expanded sales, heightened
consumer awareness, and an overall increased demand. Not unlike other commodity
organizations, promotion programs also have been implemented for different types
of nuts. To foster the marketing and promotion of almonds, walnuts, pistachios, and
pecans, various Federal Marketing Orders were put into place under the auspices of
the Agricultural Marketing Service. In 1948, Federal Marketing Order 984 established
the California Walnut Board. In 1950, Federal Marketing Order 981 established the
Almond Board of California. In 2004, Federal Marketing Order 983 established the
Administrative Committee for Pistachios. Most recently, in 2016, Federal Marketing
Order 986 established the American Pecan Council. As such, the growth in the domestic
demand for peanuts and tree nuts has been buoyed in part by their promotion as nutritious
and healthy snacks by marketing boards and trade associations (Capps and
Williams 2021).

Based on this background information, a simulation exercise is conducted, where we
use the information on the uncompensated own-price elasticities of demand from the
present study (eUij ), the own-price elasticity of supply (e

S
ij) from prior studies (for almonds

and walnuts from Russo, Green and Howitt (2008), for peanuts from Beghin and Matthey
(2003), and for the rest of the nuts from Okrent and Alston (2012), since no other nut-
specific own-price elasticity of supply information was available). Also, the base value of
promotion expenditure elasticity for pecans of 0.0654 is taken from Capps and Williams
(2021). This figure was calculated as the average of promotion expenditure elasticities for
pecans from 2016 through 2020 (Capps and Williams 2021). Lastly, Alston et al. (2007)
estimated the promotion expenditure elasticity for almonds to be 0.13, and Kaiser (2018)
estimated the promotion expenditure elasticity for walnuts to be 0.012, with both promo-
tion expenditure elasticities being utilized in the simulation exercise. For the rest of the nut
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Table 5. Compensated (Hicksian) price elasticity estimates and associated standard errors from the EASI demand model

Nut types Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

Peanuts –0.8028*** 0.0913*** 0.1212*** 0.1327*** 0.1250*** 0.1074*** 0.1666*** 0.1051*** –0.0467*

(0.0324) (0.0205) (0.0184) (0.0295) (0.0236) (0.0297) (0.0276) (0.0204) (0.0256)

Pecans 0.2343*** –0.9583*** 0.1533*** 0.1674*** 0.0914*** 0.0398 0.1291*** 0.0778*** 0.0651**

(0.0277) (0.0366) (0.0233) (0.0392) (0.0312) (0.0416) (0.0350) (0.0223) (0.0280)

Almonds 0.1910*** 0.0862*** –0.8892*** 0.0990*** 0.1033*** 0.0805** 0.1669*** 0.0955*** 0.0666***

(0.0209) (0.0196) (0.0239) (0.0319) (0.0241) (0.0314) (0.0255) (0.0167) (0.0201)

Cashews 0.2304*** 0.1173*** 0.1225*** –0.9245*** 0.1069*** 0.1301** 0.1244*** 0.0697** 0.0232

(0.0331) (0.0327) (0.0315) (0.0642) (0.0392) (0.0515) (0.0408) (0.0291) (0.0396)

Walnuts 0.2453*** 0.0684** 0.1452*** 0.1258*** –0.9893*** 0.0548 0.1453*** 0.0405 0.1641***

(0.0293) (0.0287) (0.0264) (0.0433) (0.0433) (0.0401) (0.0355) (0.0267) (0.0270)

Pistachios 0.2478*** 0.0440 0.1441*** 0.1712*** 0.0786** –0.9918*** 0.1400*** 0.1015*** 0.0647*

(0.0340) (0.0353) (0.0315) (0.0523) (0.0369) (0.0631) (0.0415) (0.0314) (0.0336)

Mixed nuts 0.2467*** 0.0717*** 0.1705*** 0.1083*** 0.1084*** 0.0824** –0.9231*** 0.0494** 0.0858***

(0.0286) (0.0269) (0.0232) (0.0375) (0.0296) (0.0376) (0.0399) (0.0225) (0.0281)

Other nuts 0.2810*** 0.0919*** 0.1861*** 0.1248*** 0.0663* 0.1312*** 0.1091*** –0.9803*** –0.0100

(0.0343) (0.0278) (0.0246) (0.0436) (0.0361) (0.0462) (0.0365) (0.0349) (0.0331)

Macadamia nuts 0.0147 0.2790*** 0.3878*** 0.2037 0.6573*** 0.3158** 0.4840*** 0.0390 –2.3813***

(0.1083) (0.0877) (0.0747) (0.1491) (0.0921) (0.1245) (0.1149) (0.0833) (0.1567)

Note: Elasticities are calculated at the sample means. Values in the parentheses are the standard errors. Single, double, and triple asterisks (*,**,***) indicate statistical significance at the 10%, 5%,
and 1% level, respectively. Researcher(s)’ own analyses calculated (or derived) based in part on data from Nielsen Consumer LLC and marketing databases provided through the NielsenIQ Datasets
at the Kilts Center for Marketing Data Center at The University of Chicago Booth School of Business.
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types that did not have an empirically estimated promotion expenditure elasticity, the base
value of promotion expenditure elasticity for pecans is used.

Following Lusk and Tonsor (2021), we plug these values into the following expressions
to compute the percentage change in price: %ΔP= (Sd − Ss)/( eSij - e

U
ij ), and the percentage

change in quantity demanded: %ΔQ = Ed×(%ΔP)� Sd, where Sd represents the percent-
age change in quantity demanded due to a change in the value of promotion expenditure
elasticity, Ss represents the percentage change in quantity supplied due to a change in the
value of any right-hand side supply shifter other than own price (in this case, we assume
that Ss is zero since promotion expenditure is a demand shifter). Both %ΔP and %ΔQ are
computed for the base value of promotion expenditure elasticity and its alternative values
(base value: �1%, �5%, and �10%). We recognize that the alternative values for promo-
tion elasticities indeed are arbitrary. That said, the simulation process remains the same no
matter the magnitude of the promotion elasticity.

Table 6 shows the own-price demand, own-price supply, and alternative promotion
expenditure elasticities, and the corresponding simulated percentage changes in prices
and quantities demanded for all nut types. As the figures in Table 6 demonstrate, for
1% increase in promotion expenditure elasticity from its base case, prices for all nuts
increase with the lowest percentage change increase of 0.0171 recorded for walnuts and
the highest percentage change increase of 0.0816 recorded for almonds. Additionally, a
5% increase in promotion expenditure elasticity from its base case leads to the lowest per-
centage change of 0.0409 for macadamia nut price and to the highest percentage change of
0.1049 for almond price. And, for a 10% increase in promotion expenditure elasticity from
its base case, the percentage change in price ranges from the lowest of 0.0586 (macadamia
nut) to the highest of 0.1340 (almonds).

A 1% increase in promotion expenditure elasticity from its base case leads to an
increase in percentage change in quantity demanded of all nut types varying from the low-
est change of 0.0032 (walnuts) to the highest change of 0.0546 (almonds). Also, a 5%
increase in promotion expenditure elasticity from its base case results in the lowest per-
centage change increase of 0.0091 for walnuts and the highest percentage change increase
of 0.0703 for almonds. Finally, for a 10% increase in promotion expenditure elasticity from
its base case, the percentage change in quantity demanded ranges from the lowest of 0.0165
(walnuts) to the highest of 0.0898 (almonds).

Conclusions and recommendations for future research

This study analyzes the interrelationships of household demand for peanuts and various
tree nuts. To that end, the fixed-effect LA-EASI model is estimated taking into account
unobserved household preference heterogeneity, flexible Engel curves, total expenditure
and price endogeneity, data censoring as well as region- and time-specific unobservable
effects. The household-level panel data used in this study are derived from the Nielsen
Homescan panels from calendar years 2009 through 2015. The data pertain to prices
and quantities of peanuts, pecans, almonds, cashews, walnuts, pistachios, mixed nuts, mac-
adamia nuts, and other nuts as well as sociodemographic characteristics of participant
households.

As evidenced by the empirical results, the quintic (fifth) degree EASI model was favored
over other degrees in real expenditures, an important finding that shows that linear and
quadratic real expenditures, oftentimes used in empirical work, may not be the “best” ones
to apply. The empirical results demonstrate that the demands for all nuts are elastic. Given
the sensitivity of households to changes in prices, nut producers and purveyors should
center attention on lowering prices in order to maximize their short-run total revenue.
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Table 6. Effects of changing promotion expenditure elasticities on nut prices and quantities

Nut types Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

Uncompensated own-price elasticities of demand –1.0149 –1.0368 –1.0464 –1.0512 –1.0982 –1.082 –1.0742 –1.0567 –2.3836

Own-price elasticities of supply 0.35 0.44 0.67 0.44 0.19 0.44 0.44 0.44 0.44

Promotion expenditure elasticity: base case 0.0654 0.0654 0.13 0.0654 0.012 0.0654 0.0654 0.0654 0.0654

Promotion expenditure elasticity: base case�1% 0.0754 0.0754 0.14 0.0754 0.022 0.0754 0.0754 0.0754 0.0754

Promotion expenditure elasticity: base case�5% 0.1154 0.1154 0.18 0.1154 0.062 0.1154 0.1154 0.1154 0.1154

Promotion expenditure elasticity: base case�10% 0.1654 0.1654 0.23 0.1654 0.112 0.1654 0.1654 0.1654 0.1654

% change in price: base case 0.0479 0.0443 0.0757 0.0439 0.0093 0.0430 0.0432 0.0437 0.0232

(0.0011) (0.0011) (0.0011) (0.0019) (0.0003) (0.0018) (0.0011) (0.0010) (0.0013)

% change in quantity: base case 0.0168 0.0195 0.0507 0.0193 0.0018 0.0189 0.0190 0.0192 0.0102

(0.0004) (0.0005) (0.0007) (0.0008) (0.0001) (0.0008) (0.0005) (0.0004) (0.0006)

% change in price: base case�1% 0.0552 0.0511 0.0816 0.0506 0.0171 0.0495 0.0498 0.0504 0.0267

(0.0013) (0.0013) (0.0011) (0.0022) (0.0006) (0.0021) (0.0013) (0.0012) (0.0015)

% change in quantity: base case�1% 0.0193 0.0225 0.0546 0.0222 0.0032 0.0218 0.0219 0.0222 0.0117

(0.0005) (0.0006) (0.0008) (0.0010) (0.0001) (0.0009) (0.0006) (0.0005) (0.0007)

% change in price: base case�5% 0.0845 0.0781 0.1049 0.0774 0.0481 0.0758 0.0762 0.0771 0.0409

(0.0020) (0.0019) (0.0015) (0.0034) (0.0016) (0.0032) (0.0020) (0.0018) (0.0023)

% change in quantity: base case�5% 0.0296 0.0344 0.0703 0.0341 0.0091 0.0334 0.0335 0.0339 0.0180

(0.0007) (0.0009) (0.0010) (0.0015) (0.0003) (0.0014) (0.0009) (0.0008) (0.0010)

(Continued)
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Table 6. (Continued )

Nut types Peanuts Pecans Almonds Cashews Walnuts Pistachios Mixed nuts Other nuts Macadamia nuts

% change in price: base case�10% 0.1212 0.1120 0.1340 0.1109 0.0869 0.1087 0.1092 0.1105 0.0586

(0.0029) (0.0028) (0.0019) (0.0048) (0.0029) (0.0045) (0.0029) (0.0026) (0.0033)

% change in quantity: base case�10% 0.0424 0.0493 0.0898 0.0488 0.0165 0.0478 0.0481 0.0486 0.0258

(0.0010) (0.0012) (0.0013) (0.0021) (0.0006) (0.0020) (0.0013) (0.0011) (0.0015)

Note: Uncompensated own-price elasticities of demand are computed in the present study. The estimate of the own-price elasticity of supply of peanuts is borrowed from Beghin and Matthey
(2003), the estimates of the own-price elasticity of supply of almonds and walnuts are borrowed from Russo, Green, and Howitt (2008), and the estimate of the own-price elasticity of supply of the
rest of the nut types is borrowed from Okrent and Alston (2012). The average promotion expenditure elasticity of pecans of 0.0654 is taken from Capps and Williams (2021), the promotion
expenditure elasticity of 0.13 for almonds is taken from Alston et al. (2007), and the promotion expenditure elasticity of 0.012 for walnuts is taken from Kaiser (2018). Values in the
parentheses are the standard errors around the simulated price and quantity calculated using a stochastic simulation procedure in SIMETAR statistical software (Richardson, Schumann, and
Feldman 2008).
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Per the compensated cross-price elasticities of demand, nuts are substitutes for each other.
This information is useful to stakeholders in the industry in terms of their input procure-
ment and inventory management decisions in response to changes in prices of competing
nut types. According to the income elasticity estimates, all the nuts emerge as necessities.
As such, households are not particularly sensitive to changes in household income.

A set of household demographic characteristics are statistically significant drivers of the
demand for nuts. This information can be used by nut producers and nut purveyors in
terms of designing marketing strategies aimed at expanding their customer base.
Finally, this study uses demand and supply elasticities to simulate the effects of changes
in the magnitude of a selected promotion expenditure elasticity on the prices and quanti-
ties demanded of nuts. The computed changes in prices and quantities of nuts resulting
from corresponding changes in promotion expenditure elasticities can be used by policy
makers, the Almond Board of California, the Walnut Marketing Board, the American
Pecan Council, and the California Pistachio Research Board in designing promotion pro-
grams as well as price and production control programs.

A few recommendations for future research are worth noting. First, conditional upon
the availability of such information, future research would benefit from using cost data to
serve as instruments for prices. Second, if available, it would be appealing for future
research to also incorporate information on relevant away-from-home consumption, since
the Nielsen Homescan data used in this study provide information only for at-home con-
sumption. Third, it would be worthwhile for future research to allow for possible season-
ality in the consumption of nuts by using monthly or quarterly data. Despite these
recommendations, the present research makes solid contributions to the extant literature.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/10.
1017/age.2022.11
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