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Abstract Researchers prefer to use a demand system that best fits their data. This paper 
examines a nonnested test of comparison between the quadratic expenditure system (QES) and 
the almost ideal demand system (AIDS). We determine which model is more suitable by 
analyzing the value and the significance of the common coefficient of the two models. We also 
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show that the AIDS is a more suitable model than the QES. The empirical results are useful for 
those interested in food demand structure in China. 
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Introduction 
 
 Ever since Stone (1954) proposed his linear expenditure system as the first complete 
demand system, there has been ongoing research to develop new systems, to explore the 
properties of the known ones, and to compare their performance using empirical data. Although 
there are numerous papers discussing the properties of a particular complete demand system, 
very few studies make comparisons between different complete demand systems. Pollak and 
Wales (1978) compared the linear and the quadratic expenditure systems; Pollak and Wales 
(1980) compared the quadratic expenditure system (QES) and the translog demand system; 
Lewbel (1989) compared the translog demand system and the almost ideal demand system 
(AIDS); Alston and Chalfant (1993) compared the AIDS and the Rotterdam demand system; Lee 
et al. (1994) tested alternative demand systems combining the Rotterdam model and AIDS; 
Kastens and Brester (1996) compared the absolute price Rotterdam model and a first differenced 
linear approximate AIDS on the basis of forecasting ability. More recently, Fousekis and Revell 
(2003) used time-series data to compare several differential demand systems. Our goal is to 
compare the AIDS with the QES using household level data.  

Comparison between the QES and the AIDS is complicated by the fact that the two 
demand systems are nonnested models. There are three main econometric tests for choosing 
between nonnested models – the encompassing model, the J test, and the Cox test (for discussion 
see Greene, 2003). These tests have not been applied for highly nonlinear models. In this paper, 
we choose to apply the J test developed initially by Davidson and MacKinnon (1981) because 
we can conveniently modify it for nonlinear models. 
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Although these procedures are discussed in econometric papers, their use for the 
estimation of complete demand systems is still limited. Alston and Chalfant (1993) estimate a 
compound model including both the AIDS and the Rotterdam demand system. Since their 
dependent variables are linear and logarithmic, when estimating the compound model they had to 
transfer a dependent variable to the right-hand side of the regression equation and regress a 
variable on itself. LaFrance (1998) shows that Alston and Chalfant’s approach led to biased 
results. Our methodology, however, does not have the problem described by LaFrance since we 
have the same right-hand side variables.  

The paper is organized as follows. First, we estimate the AIDS and the QES separately. 
Second, we form a compound model incorporating both the AIDS and the QES. We use a two-
step procedure to estimate the compound model. We estimate one of the models first, and then 
we plug its fitted values in the compound model and estimate the compound model. Therefore, 
we have two compound models: the compound model incorporating both the AIDS and the fitted 
values of the QES, and the compound model incorporating both the QES and the fitted valued of 
the AIDS model. Using a database from rural China, we determine which model is more suitable 
by analyzing the value and the significance of the joint or the common coefficient of both the 
QES and the AIDS models. We compare and discuss the fit and the accuracy of forecasting of all 
four models. Finally, we calculate and discuss the expenditure and price elasticities of the food 
demand in China.  
 
 
Nonnested Test 
 
 For the purpose of estimating the AIDS and the QES models and forming the compound 
models, we use the following specifications. Deaton and Muelbauer (1980) suggested the 
following AIDS model: 
 
 AIDS model:  wi = αi + Σj γij log pj + βi log (x/P)                                                        (1) 
 
where P is the price index defined by log P = α0 + Σk αk  log pk +1/2 Σj Σk γkj log pk log pj. 

Pollak and Wales (1978) proposed the following QES model. 
  
 QES model:  wi = ai pi/x + bi (1-Σk ak pk/x ) +  (ci - bi ) λ Πk(pk/x)

-ck (1- Σk ak pk/x)
2
         (2) 

 
where pi is the price of food i, wi is the expenditure share of food i, and x is the total expenditure. 
The parameters α, β, γ, and a, b, c, and λ are to be estimated. 

Although the AIDS and QES models have very different functional forms and 
parameters, the variables p, w, and x are the same. Therefore, we summarize the two models as 
follows: 
 
 AIDS model : wi = fAIDS (p, q, x, {α, β, γ} )           (1a) 
 QES model:    wi = fQES (p, q, x, {a, b, c, λ})           (2a) 

 
We use Davidson and MacKinnon’s J test for choosing between nonnested models. We 

estimate the following compound model: 
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wi = µ f AIDS (p, q, x, {α, β, γ}) + (1-µ) fQES (p, q, x, {a, b, c, λ})                                (3) 
 
In this model, a test of µ = 0 would be a test against the AIDS model. The problem is that 

µ cannot be estimated in this model. In the linear case, it would amount to a redundant scaling of 
the regression coefficients. In the AIDS and QES compound model, it is much harder to see why 
µ cannot be estimated directly. Davidson and MacKinnon’s J test involves a two-step procedure. 
In the first step, the parameters a, b, c, and λ are estimated by the QES model. In the second step, 
the fitted values of the QES model are used in the compound model and the parameters α, β, γ 
and µ are estimated. If the data supports the AIDS model but does not support the QES model, 
then the coefficient (1-µ) should be zero. Asymptotically, the t-ratio for the parameter µ is 
distributed as standard normal and standard tables can be used to determine whether the 
parameter is significant or not. Similarly, we can estimate the AIDS model in the first step and 
use its fitted values in the second step of estimating the compound model. The problem with this 
nonnested test is that four possibilities could occur: accept both models, reject both models, and 
accept one of them but reject the other. Davidson and MacKinnon showed, however, that this is a 
finite sample problem. 
 
 
Data 

 
The theoretical models considered in this paper are empirically estimated and compared 

using a cross-sectional data obtained from formally the State Statistical Bureau (SSB) in China. 
The SSB conducted a survey of 584 Chinese rural households in Jiangsu Province in 1994. The 
database includes the average price paid and quantity consumed of most food items together with 
the household income. Since the SSB household survey employed record keeping for the entire 
year, there are relatively few households in the database with zero consumption. However, 
several foods such as beef have considerable numbers of observations with zero consumption. 
Since these are relatively unimportant food items, they are not included in the model. For this 
study, only the five most important food categories (grain, vegetables, fruits, pork, and poultry) 
are included.  
 
 
Results 
 
Regression Results 
 

For all the models investigated in this paper, the iterative SUR procedure of the SAS 
package is used for estimation. As the first step, we estimate the QES and the AIDS models 
separately. The regression results are shown in table 1. In the second step, we estimate the 
following two models: 
 
QES-AIDS Model: The QES coefficients are fixed at their estimated values from the first step 

in the compound model.  
AIDS-QES Model: The AIDS coefficients are fixed at their estimated values from the first 

step in the compound model.  
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 The regression results from the second step are also presented in table 1. Table 2 presents 
the common coefficient µ for the QES-AIDS model and 1- µ for the AIDS-QES model. The 
estimated parameter µ is significantly different from zero in the QES-AIDS model. Therefore, 
we cannot reject the AIDS model. On the other hand, 1-µ is insignificant in the AIDS-QES 
model. Thus, we reject the QES model. We conclude that the AIDS is a more suitable model 
than the QES using this specific data. 
 
Goodness of Fit and Forecasting 

 
When a regression model is used for forecasting, we are interested in how well the model 

predicts movements in the dependent variable. Table 3 shows the adjusted R2 as a measure of the 
fit of the model. The AIDS-QES model has the highest adjusted R2 among the four 
specifications.  

We further compute the root mean-squared error as a measure of predictive accuracy of 
the regression model. This measure is designed to evaluate the ex-post forecasting performance; 
that is, forecasts are conducted within the sample period when the exogenous variables take the 
actual values. Table 4 shows that the AIDS-QES model has the lowest root mean-squared error 
among all equations. 

The AIDS-QES model has the highest adjusted R2 and the lowest root mean-squared 
error. It is interesting to note that this is the model in which we reject the QES model. Even so, 
the compound model performs better than the AIDS model alone. 
 
Elasticities 
 

As in any demand analysis, it is important to calculate the price and expenditure 
elasticities. This is particularly true in the case of China. There has been growing interest in 
estimating the food demand elasticities in China because of their importance for assessing the 
future food demand in a country of 1.2 billion people. 

The elasticity formulas for the QES were derived by Chern and Wang (1994). The QES 
expenditure elasticity is given by: 

 
ei = (x / piqi ) [bi + 2 ( ci - bi ) λ Πk(pk)

 -ck (x- Σk ak pk)2
 ]                                              (4) 

 
The QES own-price elasticity can be expressed as: 
 
 eii = -1+(1-bi )ai/qi – [ci (x-Σk ak pk)/(piqi) +2ai/qi ](ci-bi ) λ Πk(pk)

 -ck (x- Σk ak pk)2                 (5) 
 
The QES cross-price elasticities are given by: 
 
 eij = -bi ajpj/(piqi) – [cj(x-Σk ak pk)/(piqi) +2ajpj/piqI] (ci-bi ) λ Πk(pk)

-ck (x- Σk ak pk)2             (6) 
 
The elasticity formulas for the AIDS model are taken from Green and Alston (1990). The AIDS 
expenditure elasticity is given by: 

 
ei = 1 + βi/wi                                                                                                                   (7) 
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The AIDS own-price elasticity can be expressed as: 
 
eii  = γii /wi – (βi/wi)[αi + Σk γki log pk] –1                                                                      (8) 

 
The AIDS cross-price elasticities are given by: 

 
eij  = γij /wi – (βi/wi)[αj + Σk γkj log pk]                                                                           (9) 

 
 For the compound models, we calculate the elasticities as weighted averages of the AIDS 
and the QES models, with weights equal to the joint coefficients. The estimated expenditure 
elasticities and own-price elasticities for all models are compared in tables 5 and 6, respectively. 
Due to the complexity of nonlinearity, no attempts were made to compute the standard errors of 
these elasticities. The estimated elasticities exhibit some similarities and differences among the 
four models. For example, poultry has the highest expenditure elasticity in all four models. 
However, in the QES, the expenditure elasticity of grain is higher than that of fruit, while in the 
QES-AIDS, the expenditure elasticity of grain is higher than that of vegetables. The AIDS-QES 
and the AIDS models appear to produce the most reasonable set of expenditure elasticity 
estimates with grain having the lowest elasticity among the five food items. Note that these 
expenditure elasticities are conditional elasticities, as defined with respect to the total 
expenditures of these five food items. The unconditional income elasticities are likely to be 
smaller than these conditional elasticities. 
 With respect to the own-price elasticities, the estimates are all similar among models 
except the QES. Specifically, the QES yields much higher own-price elasticity in absolute value 
for pork and poultry than other models. It would be critically important to validate further 
whether it is more reasonable to have a price elasticity of –0.21 or –0.99 for pork, and of –0.86 
or –1.00 for poultry in rural China. One previous study by Gao et al. (1996) obtained the 
estimates of the own-price elasticities of pork and poultry to be –0.98 and –0.34, respectively 
from a generalized linear expenditure system (LES). They used the rural household survey data 
from Jiangsu Province similar to the data used in this study, but for 1990. Their study shows also 
that grain has a lower expenditure elasticity than pork and vegetables, but higher than poultry. 
Their results are quite different from the results in this study. 

The estimated price and expenditure elasticities for the AIDS-QES model are given in 
table 7. The results show that changes in grain price would yield stronger cross-price effects than 
other prices. Specifically, any increase in grain price would reduce the uncompensated demands 
for vegetables, fruit, pork and poultry. The results show also that changes in poultry price have a 
relatively large positive impact on the demand for pork, but not vice versa.  
 
 
Conclusions 

 
Using the database from China, we estimate four demand systems: the AIDS and the 

QES models separately, the compound model incorporating both the AIDS and the fitted values 
of the QES, and the compound model incorporating both the QES and the fitted valued of the 
AIDS model. We find that the AIDS is a more suitable model than the QES based on the value 
and the significance of the common coefficient of the two models. We use the compound model 
in two ways. First, we show that the compound model is a demand system of its own. Second, 
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and most important, by estimating the compound model and evaluating the properties of the 
common coefficient on both the AIDS and the QES, we perform a nonnested test determining 
which of the two models is more suitable. Finally, we believe that other researchers should also 
justify the use of a particular demand system in their studies. We provide them with a powerful 
tool of deciding which model is more suitable based on a better fit by their own data. The 
empirical estimates of the elasticities are also useful to those who are interested in food demand 
structure in China.      
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Table 1. Regression Results 

 QES AIDS QES-AIDS AIDS-QES 
Para-
meter 

Esti-
mate 

T-ratio Esti-
mate 

T-ratio Esti-
mate 

T-ratio Esti-
mate 

T-ratio 

a1 286.20 7.92   286.20 --- -1321.8 -2.44 
a2 -2.82 -0.14   -2.82 --- 1490.4 4.79 
a3 -15.32 -3.59   -15.32 --- -77.76 -0.47 
a4 10.67 4.37   10.67 --- 93.19 1.19 
a5 2.54 2.18   2.54 --- -5.57 -0.09 
b1 0.41 20.50   0.41 --- -79.68 -0.23 
b2 0.34 16.38   0.34 --- 98.75 0.24 
b3 0.11 13.31   0.11 --- 2.01 0.19 
b4 0.10 4.87   0.10 --- -21.14 -0.23 
b5 0.039 ---   0.039 --- 1.05 --- 
c1 0.48 3.09   0.48 --- -0.11 -0.30 
c2 -0.58 -3.01   -0.58 --- 0.90 4.13 
c3 -0.34 -3.04   -0.34 --- -0.14 -0.70 
c4 0.96 4.89   0.96 --- 0.89 1.90 
c5 0.48 ---   0.48 --- -0.54 --- 
λ 0.00041 3.46   0.00041 --- 0.00087 1.35 
α0   134.41 0.95 -1376.1 -0.78 134.41 --- 
α1   -7.30 -0.93 -30.67 -1.14 -7.30 --- 
α2   -0.65 -0.28 82.15 1.21 -0.65 --- 
α3   1.35 0.87 -9.65 -1.00 1.35 --- 
α4   4.77 0.89 -22.71 -1.03 4.77 --- 
α5   2.83 --- -18.11 --- 2.83 --- 
β1   -0.061 -4.50 0.022 1.53 -0.061 --- 
β2   -0.012 -0.99 -0.058 -2.24 -0.012 --- 
β3   0.011 1.86 0.0070 1.30 0.011 --- 
β4   0.040 3.97 0.016 1.66 0.040 --- 
β5   0.022 --- 0.013 --- 0.022 --- 
γ11   0.75 1.44 -0.40 -0.66 0.75 --- 
γ12   -0.0099 -0.06 1.79 1.70 -0.0099 --- 
γ13   -0.11 -1.09 -0.26 -1.61 -0.11 --- 
γ14   -0.32 -0.92 -0.43 -1.46 -0.32 --- 
γ15   -0.19 -0.97 -0.39 -1.57 -0.19 --- 
γ21   0.052 0.34 1.83 1.75 0.052 --- 
γ22   0.032 0.72 -5.01 -2.39 0.032 --- 
γ23   -0.0091 -0.28 0.62 1.45 -0.0091 --- 
γ24   -0.26 -2.32 1.01 1.10 -0.26 --- 
γ25   -0.11 -1.66 0.97 1.49 -0.11 --- 
γ31   -0.11 -1.11 -0.26 -1.66 -0.11 --- 

(continued) 
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Table 1. Regression Results (Continued)  
γ32   -0.020 -0.67 0.60 1.39 -0.020 --- 
γ33   -0.011 -0.47 -0.11 -1.20 -0.011 --- 
γ34   0.089 1.30 -0.13 -0.93 0.089 --- 
γ35   0.041 1.04 -0.13 -1.18 0.041 --- 
γ41   -0.44 -1.26 -0.65 -2.25 -0.44 --- 
γ42   -0.0086 -0.08 1.44 1.60 -0.0086 --- 
γ43   0.086 1.27 -0.14 -1.01 0.086 --- 
γ44   0.37 1.49 -0.15 -0.36 0.37 --- 
γ45   0.17 1.29 -0.22 -0.94 0.17 --- 
γ51   -0.25 --- -0.51 --- -0.25 --- 
γ52   0.0063 --- 1.18 --- 0.0063 --- 
γ53   0.046 --- -0.12 --- 0.046 --- 
γ54   0.13 --- -0.30 --- 0.13 --- 
γ55   0.084 --- -0.23 --- 0.084 --- 
µ     0.54 4.51 0.00063 0.24 
 
 
 

Table 2. Estimated Common Coefficients  
 AIDS 

(µ ) 
QES 
(1-µ) 

QES-AIDS 0.54 
(4.51) 

0.46 

AIDS-QES 0.99937 0.00063 
(0.24) 

 
 
 

Table 3. Adjusted R2 
 QES AIDS QES-AIDS AIDS-QES 
Grain 0.082 0.219 0.206 0.268 
Vegetables -0.056 0.127 0.157 0.224 
Fruit 0.045 0.093 0.083 0.099 
Pork 0.104 0.197 0.205 0.208 
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Table 4. Root Mean-Squared Errors 
 QES AIDS QES-AIDS AIDS-QES 
Grain 0.1256 0.1159 0.1169 0.1122 
Vegetables 0.1148 0.1043 0.1025 0.0984 
Fruit 0.0509 0.0496 0.0499 0.0494 
Pork 0.0909 0.0860 0.0856 0.0854 

 
 
 
Table 5. Estimated Expenditure Elasticities, Chinese Rural Households 1994 

Food Item Expendi- 
ture Share 

QES AIDS QES-AIDS AIDS-QES 

Grain 0.48 0.85 0.87 0.96 0.85 
Vegetables 0.26 0.98 0.95 0.87 1.02 
Fruit 0.089 0.78 1.12 0.94 1.12 
Pork 0.17 1.09 1.24 1.09 1.22 
Poultry 0.063 1.27 1.36 1.24 1.35 
 
 
 

Table 6. Estimated Own-price Elasticities, Chinese Rural Households 1994 
Food Item QES AIDS QES-AIDS AIDS-QES 
Grain -0.83 -0.55 -0.56 -0.57 
Vegetables -1.08 -0.91 -0.90 -0.92 
Fruit -1.19 -1.32 -1.31 -1.32 
Pork -0.99 -0.20 -0.26 -0.21 
Poultry -1.00 -0.85 -0.86 -0.86 
 
 
 

Table7. Estimated Price and Expenditure Elasticities for AIDS-QES Model 
Food Item Grain  

Price 
Vegetable 

Price 
Fruit  
Price 

Pork  
Price 

Poultry  
Price 

Expendi- 
ture 

Grain -0.57 -0.096 -0.027 0.064 0.041 0.85 
Vegetables -0.16 -0.92 0.036 -0.74 -0.28 1.02 
Fruit -0.23 -0.15 -1.32 0.31 0.059 1.12 
Pork -0.54 0.11 0.12 -0.21 0.23 1.22 
Poultry -0.88 0.34 0.16 -0.013 -0.86 1.35 
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