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U.S. Alcohol Consumption: Tax Instrumental Variables in 
Quadratic Almost Ideal Demand System (QUAIDS)

Abstract

• Alcohol consumption is the adverse cause of 
both acute and chronic consequences

• U.S. economic cost of alcohol consumption is 
2.7% of GDP, according to Rehm et al. (2009)

• We consider demand analysis for more 
understanding of alcohol consumption pattern 
to find the effective policy

Introduction

Policy Motivation

• Study U.S. alcohol consumption behavior

• Propose the policy identification for 
alcohol consumption reduction

Theoretical Motivation

• ‘Demand System’ versus ‘Econometrics’

Empirical Motivation

• Prices exogeneity causes measurement error

• Different elasticities at varying 
consumption levels 

Statement of Problem

• Annual alcohol consumption of 50 states and 
the District of Columbia in 1985-2002

• Beer, spirits, and wine 

• Clustered data for the light, moderate, and 
heavy consumptions

Scope of Study

• Analyze alcohol consumption using price 
variables and economic and demographic 
characteristics

• Compare the estimations of elasticities

• Consider the exogeneity issue on prices 

Objective

This study analyzes the annual alcohol consumption on prices, taxes, and other 
economic and demographic characteristics from 50 states and the District of 
Columbia for 1985-2002 to study the U.S. alcohol demand behavior on beer, spirits, 
and wine. Young and Bielinska-Kwapisz (2003) found that the price data contains 
measurement error, so using the state and federal taxes as the instrumental 
variables could mitigate the problem. There is the improvement in estimation to use 
the set of all taxes instead of each individual tax.

Therefore, we use the Quadratic Almost Ideal Demand System (QUAIDS) model, 
proposed by Bank, Blundell, and Lewbel (1997), employing the alcohol prices or the 
tax instrumental variables on both pooled and clustered datasets to compare with 
the classical linear models. The statistical inference is based on the bootstrap 
variance-covariance matrix. After correct the heteroskedasticity and 
multicollinearity issues, the existing linear regressions models are GLS, GMM-IV, 
FE, RE, FE-IV, and RE-IV models. The analysis of elasticities reveals that the 
QUAIDS model is perform better than all linear regressions in term of explanation 
on consumer behavior.

We also use local constant and local linear estimators with the Gaussian kernel 
and the optimal cross-validation bandwidth to study the effects of prices and 
income on alcohol consumption. We also find the increasing trends of consumptions 
in all types of alcohol for each state. The empirical results indicate that the 
cross-substitution effects among them could imply policy necessity on the 
simultaneous alcohol excise taxes imposed. In term of estimation, the instrumental 
tax variables could improve the QUAIDS model on reflecting the different 
responsiveness of price and income for light, medium and heavy consumption levels.

QUAIDS

• The quadratic logarithmic budget shares 
system derived from the indirect utility 
function can be specified as the general form 
of the expenditure share equations system 

• Flexible price responses with an arbitrary 
second-order approximation to demand system

• Given the evidence on the Engel curves, it 
provides welfare analysis on the effects of 
relative prices on the real expenditure

• Estimate with the nonlinear seemingly 
unrelated regression (NLSUR) method using the 
bootstrap covariance matrix for bias 
reduction in the small-sample estimation

Theoretical Framework 
and Methodology

Conclusion and 
Policy Implication

Exogeneity

• Price data from the American Chamber of 
Commerce Researchers Association (ACCRA) has 
been widely used for empirical analysis of 
the U.S. alcohol consumptions

• Young and Bielinska-Kwapisz (2003) found the 
measurement errors, thus the biased and 
inconsistent linear estimators, and suggested 
to use state and federal taxes as the 
instrumental variables

• In Hausman and Leonard (2005), the 
instrumental variables could mitigate the 
simultaneity problem in the AIDS model

Different responsiveness in price

• Manning, Blumberg, and Moulton (1995) found 
that alcohol prices have different effects on 
light, moderate, and heavy drinking

• The heavy and light consumptions have less 
price elasticities than the moderate 
consumption 

• Moreover, the heavy alcohol consumers are 
essentially unresponsive to prices

• Young and Bielinska-Kwapisz (2003) discussed 
that measurement errors are likely to bias 
the estimated responses for both heavy and 
light consumptions, so the responses of both 
groups are probably underestimated

Review of Related Literatures Empirical Results

Trend Analysis of Consumption

• Increasing trends with very small coefficients

Nonparametric Estimation of Consumption

• Law of Demand in nonparametric linear form 
with small slope downward trends, except at 
the higher price level for spirits and wine 

• Locally-smoothed Engle curves for consumption 
shares illustrate that spirits and wine are 
normal goods but not for beer

• Income has positive effects except for beer at 
the high level of income

• There is strong endogeneity in wine price data

• We have improvement in estimation from using 
the set of all taxes for spirits and wine

• Find asymptotic normal, but there exist 
multicollinearity and heteroskedasticity

• Thus, using the Principal Component Analysis 
(PCA) and the weighted covariance matrix

• Improvement for the linear models from using 
the instrumental variables is inconclusive

• However, the QUAIDS model has more reasonable 
variations of responsiveness from prices and 
income, when using the tax instruments

• Positive cross-price elasticities implies 
simultaneous excise taxes imposed for the 
effective alcohol reduction policy
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