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Abstract 
When researchers and policymakers conduct impact analyses of economic reforms, especially 
fiscal reforms, the specification of the household demand system becomes crucial. There is a 
trade-off between demand systems that are simple to manipulate but less realistic, and other 
systems that are more realistic but are often more complex and difficult to estimate or calibrate. 
In this paper, we compare the results of two different demand systems: a simple one, the Cobb-
Douglas (CD), and a more complex one, the Constant Difference Elasticity (CDE). We develop a 
hybrid method of estimation-calibration based on the estimation of the parameters and elasticities 
of a QUAIDS system and on the calibration of those of the CDE system using a cross-entropy 
approach. The estimates obtained are introduced into a micro-simulated partial equilibrium 
model to approximate the impact of the VAT reform on poverty measures in Morocco. We show 
that when the simulated shocks are moderate, the gain of using a CDE system instead of a CD 
system is marginal, but when these shocks are stronger, the differences become significant and 
increase. Therefore, the use of these models can lead to different results when evaluating public 
policies and their impacts on poverty measures. 
 
Keywords: Demand systems, estimation-calibration, tax reform, Morocco. 
JEL Classifications: C51, D12, I32, H31. 
 
 

 

 ملخص

 

عنــدما ُ�جــري البــاحثون وصــانعو الس�اســات تحلــ�لات لتــأث�ي الإصــلاحات الاقتصــاد�ة، لا ســ�ما الإصــلاحات المال�ــة، �صــبح مــن 
ض  ض استخدام أنظمة الطلـب سـهلة التط��ـــــع ول�ـن قل�لـة الواقع�ـة، و�ـني وري تحد�د نظام الطلب للأ�. و�وجد مفاضلة بني ال�ض

ي كثــ
ي هــذا البحــث، نقــارن أنظمــة أخــرى أ�ــ�� واقع�ــة ول�ــن �ض

ا و�صــعب تقــديرها أو معايرتهــا. �ض �ي مــن الأح�ــان تكــون أ�ــ�� تعق�ــد�
ض للطلــب: نظــام �ســ�ط �عــرف باســم كــوب ض مختلفــني ا Cobb-Douglas (CD))) دوغــلاس-نتــائج نظــامني ، ونظــام أ�ــ�� تعق�ــد�

عـــايرة بنـــاءً عـــ� تقـــدير المعـــاي�ي وعل�ـــه قمنـــا بتطـــ��ر ط��قـــة هجينـــة للتقـــدير والم .(CDE) �عـــرف باســـم مرونـــة الفـــرق الثابـــت
ـا �ـ��ي المثـا�ي تق��ب�  وعـ� معـايرة تلـك المعـاي�ي الخاصـة بنظـام المرونـة الفـرق الثابـت (QUAIDS) والمرونـة لنظـام الطلـب ال�ت

(CDE) ي نمــــوذج التــــوازن
ي تــــم الحصــــول عليهــــا �ض و��ــــا المتقاطعــــة. ثــــم يــــتم إدخــــال التقــــديرات الــــيت ، وذلــــك باســــتخدام نهــــج الان�ت

ي الجــــ
�بــــة الق�مــــة المضــــافة عــــ� تــــداب�ي الفقــــر �ض ي لإصــــلاح �ض ، بهــــدف الوصــــول إ� تــــأث�ي تقــــ��يب ي

ي المحــــا�ي للاقتصــــاد الجــــزئئ
زئئ

ي من استخدام نظام مرونة الفرق الثابت
 المغرب. كما نوضح أنه عند اعتدال الصدمات المحا�اة، نحصل ع� مكسب هام�ث

(CDE) دوغــلاس-بــدً� مــن نظــام كــوب (CD)ما ترتفــع قــوة تلــك الصــدمات، تــزداد أهم�ــة الاختلافــات وعــددها. ، ول�ــن عنــد
اتها ع� تداب�ي الفقر  .وعل�ه، �مكن أن يؤدي استخدام هذە النماذج إ� نتائج مختلفة عند تقي�م الس�اسات العامة وتأث�ي

  



2 
 

1. Introduction and objective 
In the context of general economic reforms in several countries in the Middle East and North 
Africa (MENA), including Morocco, tax reforms are often put on the agenda. During the Third  
National Conference on Taxation held in May 2019 in Skhirat under the theme “tax equity,” a 
working group was formed to explore the neutrality of the value-added tax (VAT), make a 
diagnosis on the purchasing power of consumers, and propose reform scenarios. Researchers, 
government authorities, and international organizations try to approach the impacts of such 
reforms on the economy in general and households in particular. 
 
Indeed, the latter are directly impacted following the changes in the VAT rates that directly or 
indirectly modify the price levels of various goods and services. These reforms naturally change 
the levels of monetary poverty measures and household welfare measures (for example, see De 
Quatrebarbes et al., 2016, Ndemezo and Baye, 2016, or Boeters et al., 2010). 
 
In terms of the economic analysis tools used to anticipate and assess these various impacts, 
several models are usually used. These are computable general equilibrium (CGE) models or 
micro-simulated calculable partial equilibrium models, such as the one we propose in this article. 
These models use household survey data. At the level of household utility and/or demand 
functions used in these models, several functional forms are proposed in the literature. Each has 
its pros and cons. While some are rather simple to use with parameters that are easy to estimate 
or calibrate, they often have a priori unrealistic properties. Others are, on the other hand, much 
more flexible and presumably provide better approximate household behavior, but they reveal 
parameters that are difficult to estimate and calibrate. The choice between these two types of 
specifications often raises problems for researchers, who are faced with a dilemma between the 
simplicity, complexity, rigor, reliability, and credibility of the results. 
 
In this paper, we propose to approach and empirically examine the gap between two demand 
systems. The first is the simplest and is derived from the well-known Cobb-Douglas direct utility 
function (CD). The second is more flexible but more complex; it is the one resulting from the 
Constant Difference Elasticity (CDE). This demand system was introduced by Hanoch (1975). 
 
At the methodological level, we develop a hybrid estimation-calibration approach that involves 
several steps to approximate the parameters of the CDE demand system based on Yu et al. 
(2004), Chen (2017), and van der Mensbrugghe (2020). This method consists of calibrating the 
elasticities and parameters of the CDE system using estimates obtained from another demand 
system (AIDS3 or QUAIDS,4 for example) and minimizing an appropriate entropy family 
criterion. 

                                                        
3 Almost Ideal Demand System (AIDS). 
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This article contains three contributions. The first one is theoretical. It aims to improve the 
estimation-calibration of the parameters of the CDE demand systems by clearly proposing – for 
the first time, to our knowledge – the necessary econometric and numerical steps to link the 
elasticities of AIDS or QUAIDS with those of the CDE. The second consists of estimating-
calibrating the parameters and elasticities of a CDE system on Moroccan data under an 
appropriate aggregation using the proposed approach, which is a significant added value in itself. 
The third contribution is in terms of economic policy approach. Indeed, our contribution allows 
us to compare the results in terms of poverty of a tax reform (VAT reform in Morocco) under 
two alternative expenditure systems (CD and CDE). This third contribution is of major interest 
because it allows us to compare and choose the specification to be retained in different economic 
policy models at the level of the household demand module, particularly micro-simulated 
models. 
 
This article is articulated as follows. In section 2, we begin with a brief literature review of the 
theoretical framework for demand systems in applied models. In sub-section 2.1, we briefly 
present the classic demand system generated from a CD utility function. We then present the 
CDE demand system and its properties in more detail (sub-section 2.2). As our approach is based 
on the estimation of the QUAIDS to calibrate the elasticities and parameters of the CDE system, 
we first present this demand system in sub-section 2.2.1. We formally deduce the demand 
equations and then the elasticities of the latter. We also recall the major microeconomic 
conditions that these elasticities must respect. 
 
In section 3, we develop our hybrid estimation-calibration method and present the data used. We 
detail the methodology to proceed from the estimation of a QUAIDS demand system to the 
calibration of the parameters and elasticities of a CDE demand system. More specifically, we 
present the canonical form of the QUAIDS model and its extensions, particularly the one that 
integrates demographic variables. We then develop the calibration approach based on the 
minimization of a cross-entropy criterion. Finally, we present the algorithm we developed to 
calibrate the elasticities and parameters of the CDE demand system using GAMS software. Sub-
section 3.2 presents the 2019 wave of the Enquête Panel des Ménages (EPM) of the 
Observatoire national du développement humain (ONDH) of Morocco, which is the main data 
used for the estimations. We then dedicate sub-section 3.3 to the implementation of the proposed 
method by breaking it down into six steps that allow the move from theory to practice. 
 
In the next section, we present the 12 scenarios considered for simulations according to the 
variation of household expenditures and taxation systems (VAT). Comparative point estimation 
and stochastic-dominant analyses are conducted to highlight the impact of the reforms depending 
                                                                                                                                                                                   
4 Quadratic Almost Ideal Demand System (QUAIDS) 
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on the demand systems chosen. In section 5, we conclude and provide recommendations for the 
researchers who use this type of model and the policymakers who use the results produced by 
these researchers. 
 
2. Theoretical framework: From the microeconomics to the applied models 
In applied models, it is necessary to assign a value for the parameters of some behavioral 
functions. Some parameters are sometimes estimated on an ad hoc basis or can be taken from 
applications in other countries requiring situations to be comparable (Abdelkhalek and Dufour, 
1998). 
 
In general, parameter calibration and estimation are crucial in applied models as they drive the 
results. On the consumption side, the household expenditure module is critical. Its calibration is 
therefore fundamental for simulating the impact of fiscal and public policies. Since one wants to 
capture the transmission mechanisms of the effects of these policies on households, it is both 
interesting and crucial to introduce heterogeneity between them. This heterogeneity can be 
introduced based on household budget shares assuming a rich and flexible demand system that 
will allow for an enhanced micro-simulation analysis (Savard, 2004). 
 
In practice, some of these constraints are not respected in certain demand systems. It is precisely 
at this level that the trade-off is made in favor of simple but probably unrealistic models. In the 
next section, we present the two demand systems on which we base our comparison, derived 
from the CD utility function and the CDE demand system. 
 
2.1. Demand system based on the CD utility function  
The CD utility function is a special case of the Constant Elasticity of Substitution (CES) utility 
function (when the elasticity of substitution equals one) and the Linear Expenditure System 
(LES) utility function (when the minima are zero). 
 
Formally, a CD utility function can be expressed as follows:5 

𝑢𝑢(𝑞𝑞) = �𝑞𝑞𝑖𝑖
𝛼𝛼𝑖𝑖

𝑘𝑘

𝑖𝑖=1

 

(1) 

where 𝑞𝑞𝑖𝑖 is the consumed quantity of good 𝑖𝑖 and 𝛼𝛼𝑖𝑖 > 0. Without loss of generality, we often 
impose ∑ 𝛼𝛼𝑖𝑖𝑘𝑘

𝑖𝑖=1 = 1. 

                                                        
5 The properties are presented for example in Shoven and Whalley (1992). 
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The Marshallian demand functions are as follows:6 

 

• 𝛼𝛼𝑖𝑖 = 𝑤𝑤𝑖𝑖, the budget share of the good 𝑖𝑖 in the total expenditure. It is constant for all 𝑚𝑚 and 
𝑝𝑝𝑖𝑖 ; 

• The elasticity of total expenditure, noted 𝜂𝜂𝑖𝑖 is unitary for any 𝑖𝑖 product; 
• The uncompensated own price elasticity, denoted 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 is equal to −1 for every product 𝑖𝑖; 
• The compensated own price elasticity, denoted 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐  is equal to −(1 − 𝛼𝛼𝑖𝑖) for every product 

𝑖𝑖; 
• The demand for each good 𝑖𝑖 depends only on the price of the good 𝑖𝑖 and not on the price of 

other goods. This implies that the cross-price elasticity, denoted 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 is null ∀𝑖𝑖 ≠ 𝑗𝑗. 

 
This demand system also respects all the basic microeconomic properties that we summarize in 
subsection 2.2.2. 
 
The problem with this relatively simple demand system is that it seems to be limited when 
assessing the impact on the demand for goods and services as a result of changes in economic 
policy (Yu et al., 2004). For example, with this demand system derived from the CD utility 
function, as mentioned previously, income and price elasticities are constant and then do not 
depend on budget shares. Because of these characteristics, the demand system is considered 
unrealistic and inflexible (for example, see Sadoulet and De Janvry, 1995, Rimmer and Powell, 
1996, and Corong et al., 2017). 
 
To overcome this limit, several other more flexible and apparently more realistic demand 
systems have been introduced in this literature: the AIDS family proposed by Deaton and 
Muellbauer (1980a) and the CDE system that we discuss in the next section. 
 
Deaton and Muellbauer (1980a) developed the AIDS demand system based on an approximation 
of the first-order conditions of a demand system. Even though this one has interesting properties 
both from a theoretical point of view and in its estimation, it does not capture the non-linearities 
of the Engel curves, even though they are empirically observed. By introducing a quadratic term 

                                                        
6 To simplify the notation, we have not indexed household variables and parameters with ℎ. 
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in the AIDS specification, Banks et al. (1997) propose a more flexible demand system that 
respects the Engel condition and other constraints of the AIDS system. 
 
In this literature on demand systems, Hanoch introduced the functional CDE form in 1975. It lies 
between the CES form and more flexible specifications. The CDE demand system allows for a 
richer representation of the effects of income (Dimaranan et al., 2006). Because of its properties 
and the number of parameters (only three for each good), the functional form of the CDE offers 
many potential applications (see Surry, 1993, Yu et al., 2004, and van der Mensbrugghe, 2020). 
 
However, it seems that few researchers have directly estimated the CDE parameters because of 
the complexity to do so. The few examples that exist in terms of estimation are exclusively on 
the production side or based on cost functions (Surry, 1993). Yu et al. (2004), Chen (2017), and 
van der Mensbrugghe (2020) propose a hybrid estimation-calibration approach that involves 
several steps. This method consists of approaching the elasticities and parameters of the CDE 
demand system using estimates from another demand system (e.g. AIDS, AIDADS, 
QUAIDS…etc.) and minimizing a criterion, respecting only some microeconomics conditions of 
a demand system. This is especially relevant since it has been shown that the CDE system can 
violate some of Engel’s properties in its empirical version (Yu et al., 2004). Considering this, we 
improve these approaches while taking into consideration a larger number of microeconomic 
constraints than what is done by Chen (2017), Yu et al. (2004), and van der Mensbrugghe (2020) 
as we will see in the next section. 

 

2.2. A CDE demand system 
In this article, we compare the impact of several tax reforms on poverty measures using two 
demand systems: the first one is generated from a simple CD utility function and the second one 
is from the more complex CDE demand system. The calibration of the elasticities and parameters 
of this system necessarily requires the estimation of the parameters and elasticities of the AIDS 
or QUAIDS demand system.7 Consequently, we describe this demand system in some detail 
before presenting the CDE demand system. 
 
2.2.1. QUAIDS 
Using the notation of Banks et al. (1997), the functional form of the QUAIDS for a household is 
as follows: 

 

                                                        
7 At this step, other flexible demand systems could be used for the estimation of the parameters and elasticities. 
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𝑤𝑤𝑖𝑖 = 𝛼𝛼𝑖𝑖 + �𝛾𝛾𝑖𝑖𝑖𝑖

𝑘𝑘

𝑖𝑖=1

ln𝑝𝑝𝑖𝑖 + 𝛽𝛽𝑖𝑖ln �
𝑚𝑚
𝑎𝑎(𝐩𝐩)

� +
𝜆𝜆𝑖𝑖
𝑏𝑏(𝐩𝐩)

�ln �
𝑚𝑚
𝑎𝑎(𝐩𝐩)

��
2

, 𝑖𝑖 = 1, … , 𝑘𝑘 

(3) 
 
where 𝑤𝑤𝑖𝑖 is the budget share of the good 𝑖𝑖 defined as: 

𝑤𝑤𝑖𝑖 =
𝑝𝑝𝑖𝑖𝑞𝑞𝑖𝑖
𝑚𝑚

, 

(4) 
 
𝑚𝑚 the total household expenditure, 𝑝𝑝𝑖𝑖 the price of good 𝑖𝑖 and 𝑞𝑞𝑖𝑖, the Hicksian demand for good 𝑖𝑖 
by the household, 𝑘𝑘 is the number of considered goods. 
 
By definition: 

ln𝑎𝑎(𝐩𝐩) = 𝛼𝛼0 + �𝛼𝛼𝑖𝑖

𝑘𝑘

𝑖𝑖=1

ln𝑝𝑝𝑖𝑖 +
1
2
��𝛾𝛾𝑖𝑖𝑖𝑖

𝑘𝑘

𝑖𝑖=1

𝑘𝑘

𝑖𝑖=1

ln𝑝𝑝𝑖𝑖ln𝑝𝑝𝑖𝑖 

(5) 

is a translog price index and 

𝑏𝑏(𝐩𝐩) = �𝑝𝑝𝑖𝑖
𝛽𝛽𝑖𝑖

𝑘𝑘

𝑖𝑖=1

 

(6) 

is a price index. 
 

This system must respect a set of microeconomic conditions referring to additivity, homogeneity, 
and symmetry that are expressed in constraints on parameters for each household (𝛼𝛼𝑖𝑖, 𝛽𝛽𝑖𝑖, 𝛾𝛾𝑖𝑖𝑖𝑖 and 
𝜆𝜆𝑖𝑖):8 

�𝛼𝛼𝑖𝑖

𝑘𝑘

𝑖𝑖=1

= 1, �𝛽𝛽𝑖𝑖

𝑘𝑘

𝑖𝑖=1

= 0, �𝛾𝛾𝑖𝑖𝑖𝑖

𝑘𝑘

𝑖𝑖=1

= 0, �𝜆𝜆𝑖𝑖

𝑘𝑘

𝑖𝑖=1

= 0,  and  𝛾𝛾𝑖𝑖𝑖𝑖 = 𝛾𝛾𝑖𝑖𝑖𝑖 . 

(7) 

 

                                                        
8 When 𝜆𝜆𝑖𝑖 = 0, ∀𝑖𝑖 = 1, … , 𝑘𝑘, in Equation (3) (this can be tested after parameters estimation) the quadratic term 
disappears and the QUAIDS becomes AIDS system, respecting the conditions of symmetry, separability and 
Cournot and Engel. 
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Note that 𝜆𝜆𝑖𝑖, 𝛼𝛼𝑖𝑖, 𝛽𝛽𝑖𝑖 and 𝛾𝛾𝑖𝑖𝑖𝑖 are the parameters of the QUAIDS model that will be estimated.9 
In addition, control variables relating to household characteristics are introduced to the above 
equations to avoid specification errors. In particular, these are demographic variables that 
characterize either the household or specific members of the household, such as the head of the 
household. The variables encountered in this context are household size, household size squared, 
number of children, number of adults, gender, age of the head of household, socio-professional 
category, and level of education. Furthermore, variables regarding the region or place of living of 
the household can also be introduced as explanatory variables if they were not used as 
stratification variables in the estimation itself. 
 
Based on Ray (1983), Poi (2012) notes that modeling heterogeneity in this way does not mean 
that the heterogeneity enters the model in a linear fashion. As we saw previously, heterogeneity 
appears not only linearly in the intercepts, but also non-linearly in all expenditures through the 
first price aggregator. Following Poi (2012), expression (3) becomes:10 

𝑤𝑤𝑖𝑖 = 𝛼𝛼𝑖𝑖 + �𝛾𝛾𝑖𝑖𝑖𝑖

𝑘𝑘

𝑖𝑖=1

ln𝑝𝑝𝑖𝑖 + (𝛽𝛽𝑖𝑖 + 𝜈𝜈𝑖𝑖′𝐳𝐳)ln �
𝑚𝑚

𝑚𝑚‾ 0(𝐳𝐳)𝑎𝑎(𝐩𝐩)
� +

𝜆𝜆𝑖𝑖
𝑏𝑏(𝐩𝐩)𝑐𝑐(𝐩𝐩, 𝐳𝐳)

�ln �
𝑚𝑚

𝑚𝑚‾ 0(𝐳𝐳)𝑎𝑎(𝐩𝐩)
��
2
 

(8) 

with 𝐳𝐳 as the vector of household socio-demographic characteristics, and 

𝑚𝑚‾ 0(𝐳𝐳) = 1 + 𝜌𝜌′𝐳𝐳 

(9) 

𝑐𝑐(𝐩𝐩, 𝐳𝐳) = �𝑝𝑝𝑖𝑖
𝜈𝜈𝑗𝑗
′𝐳𝐳

𝑘𝑘

𝑖𝑖=1

 

(10) 

where 𝜈𝜈𝑖𝑖 represents the 𝑗𝑗 th column of 𝑠𝑠 × 𝑘𝑘 parameter matrix 𝜈𝜈 with 

�𝜈𝜈𝑟𝑟𝑖𝑖

𝑘𝑘

𝑖𝑖=1

= 0 for 𝑟𝑟 = 1, … , 𝑠𝑠 

(11) 

the additivity condition. 
 
                                                        
9 See Diagram 1. 
10 Here again, if we set 𝐻𝐻0: 𝜆𝜆𝑖𝑖 = 0, ∀𝑖𝑖 = 1, … , 𝑘𝑘, we are left with the AIDS model with demographics used by Ray 
(1983). This null hypothesis can be tested. 
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Another common problem in estimating demand systems is that of endogeneity in both total 
expenditures and prices. As noted by Deaton and Muellbauer (1980a), Attfield (1985), and many 
other authors, the simultaneous nature of the demand system is one of the reasons for this 
endogeneity. Indeed, since the total expenditure is defined as the sum of the expenses for each 
product, and since these expenditures are assumed to be endogenous, it can be assumed that the 
total expenditure is jointly endogenous and thus correlated with the error term. Therefore, if 
expenditures or prices are correlated with errors, the resulting estimators are biased and 
inconsistent. 
 
For the price variables, when regionally- and goods-specific prices do not exist, it is common in 
empirical studies to determine prices by relating the value spent on a good to the consumed 
quantity if available. However, differences in prices observed between households may reflect 
something other than the market price and may, for example, differ because of a difference in 
quality (Deaton, 1988). 
 
As usual, this problem of endogeneity can be addressed by using instrumental variables. 
However, if the demand system is large with a large number of goods, we will need at least as 
many instruments as endogenous variables. This is one of the limitations of this approach in 
practice. This is, moreover, the main reason why many authors do not take into account the 
problem of endogeneity, particularly concerning prices in the demand system estimation context. 
 
In this article, as explained in the data section 3.2, we sought to have prices differentiated by 
region and location in an attempt to avoid endogeneity by determining prices directly from the 
information in the survey. Furthermore, we tested for the exogeneity of the total expenditure, but 
not for the exogeneity of the prices which were constructed, as explained in section 3.2. 

 

2.2.2. The CDE 
In the literature on demand systems, Hanoch (1975) introduced the functional CDE form. 
Following her and Chen (2017), let 𝑀𝑀 be an expenditure function with a price vector 𝑝𝑝 
associated to a Hicksian demand system noted 𝑞𝑞. Formally, 𝑚𝑚0 = 𝑀𝑀(𝑝𝑝0,𝑢𝑢) ≡
{min𝑝𝑝0𝑞𝑞0:𝑓𝑓(𝑞𝑞0) ≥ 𝑢𝑢} where the 0 index refers to the base situation. By normalization, we 

postulate 𝑀𝑀� 𝑝𝑝
𝑚𝑚0

,𝑢𝑢� = ∑ 𝛽𝛽𝑖𝑖𝑖𝑖 𝑢𝑢𝑒𝑒𝑖𝑖(1−𝛼𝛼𝑖𝑖) � 𝑝𝑝𝑖𝑖
𝑚𝑚0
�
1−𝛼𝛼𝑖𝑖

≡ 1. 

 
Using Roy’s identity and the implicit function theorem, they deduce the associated Hicksian 
demand functions for a CDE: 
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𝑞𝑞𝑖𝑖 =
𝛽𝛽𝑖𝑖𝑢𝑢𝑒𝑒𝑖𝑖(1−𝛼𝛼𝑖𝑖)(1 − 𝛼𝛼𝑖𝑖) �

𝑝𝑝𝑖𝑖
𝑚𝑚0

�
−𝛼𝛼𝑖𝑖

∑ 𝛽𝛽𝑖𝑖𝑖𝑖 𝑢𝑢𝑒𝑒𝑗𝑗�1−𝛼𝛼𝑗𝑗��1 − 𝛼𝛼𝑖𝑖� �
𝑝𝑝𝑖𝑖
𝑚𝑚0

�
1−𝛼𝛼𝑗𝑗

 

(12) 

 

with 𝑞𝑞𝑖𝑖 the Hicksian demand for good 𝑖𝑖 by the household, 𝑝𝑝𝑖𝑖 the price, 𝛼𝛼𝑖𝑖 a substitution 
parameter of the household expenditure function, 𝛽𝛽𝑖𝑖 a scale parameter and 𝑒𝑒𝑖𝑖 an expansion 
parameter with 𝛽𝛽𝑖𝑖 > 0, 𝑒𝑒𝑖𝑖 > 0 and 0 < 𝛼𝛼𝑖𝑖 < 1.11 

 
Let 𝜎𝜎𝑖𝑖𝑖𝑖 be Allen-Uzawa elasticity of substitution (AUES) obtained from the CDE demand 
system:12 

𝜎𝜎𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛼𝛼𝑖𝑖 −�𝑤𝑤𝑖𝑖
𝑖𝑖

𝛼𝛼𝑖𝑖 −
𝛿𝛿𝑖𝑖𝑖𝑖𝛼𝛼𝑖𝑖
𝑤𝑤𝑖𝑖

 

(13) 

 

with 𝑤𝑤𝑖𝑖 the share of household expenditure in good 𝑖𝑖, 𝛿𝛿𝑖𝑖,𝑖𝑖 = 1 when 𝑖𝑖 = 𝑗𝑗 and 0 else. Thus, the 
own-AUES for the good 𝑖𝑖 is equal to: 

𝜎𝜎𝑖𝑖𝑖𝑖 = 2𝛼𝛼𝑖𝑖 −�𝑤𝑤𝑖𝑖
𝑖𝑖

𝛼𝛼𝑖𝑖 −
𝛼𝛼𝑖𝑖
𝑤𝑤𝑖𝑖

 when 𝑖𝑖 = 𝑗𝑗 

(14) 

and the cross-AUES: 

𝜎𝜎𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛼𝛼𝑖𝑖 −�𝑤𝑤𝑖𝑖
𝑖𝑖

𝛼𝛼𝑖𝑖 when 𝑖𝑖 ≠ 𝑗𝑗. 

(15) 

Following Hanoch (1975), the uncompensated demand elasticities for the CDE demand system 
are:13 

𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 = 𝑤𝑤𝑖𝑖 �𝛼𝛼𝑖𝑖 −
𝑒𝑒𝑖𝑖(1 − 𝛼𝛼𝑖𝑖)
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖

−
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖𝛼𝛼𝑖𝑖
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖

� − 𝛿𝛿𝑖𝑖𝑖𝑖𝛼𝛼𝑖𝑖 

                                                        
11 For details and notations see Hanoch (1975) and Chen (2017). 
12 See equation 3 page 409 in Hanoch (1975). 
13 See page 414 in Hanoch (1975). 
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(16) 

where 𝛿𝛿𝑖𝑖,𝑖𝑖 = 1 when 𝑖𝑖 = 𝑗𝑗 and 0 else such that: 

𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 = 𝑤𝑤𝑖𝑖 �𝛼𝛼𝑖𝑖 −
𝑒𝑒𝑖𝑖(1 − 𝛼𝛼𝑖𝑖)
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖

−
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖𝛼𝛼𝑖𝑖
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖

� − 𝛼𝛼𝑖𝑖 when 𝑖𝑖 = 𝑗𝑗 

(17) 

and 

𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 = 𝑤𝑤𝑖𝑖 �𝛼𝛼𝑖𝑖 −
𝑒𝑒𝑖𝑖(1 − 𝛼𝛼𝑖𝑖)
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖

−
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖𝛼𝛼𝑖𝑖
∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑒𝑒𝑖𝑖

�  when 𝑖𝑖 ≠ 𝑗𝑗. 

(18) 

 

Furthermore, following Hanoch (1975),14 the household expenditure elasticities are equal to: 

𝜂𝜂𝑖𝑖 = ��𝑤𝑤𝑖𝑖
𝑖𝑖

𝑒𝑒𝑖𝑖�
−1

�𝑒𝑒𝑖𝑖(1 − 𝛼𝛼𝑖𝑖) + �𝑤𝑤𝑖𝑖
𝑖𝑖

𝑒𝑒𝑖𝑖𝛼𝛼𝑖𝑖� + �𝛼𝛼𝑖𝑖 −�𝑤𝑤𝑖𝑖
𝑖𝑖

𝛼𝛼𝑖𝑖�. 

(19) 

 

Note that 𝑤𝑤𝑖𝑖, 𝜂𝜂𝑖𝑖, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 and 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐  respectively represent the budget shares and the expenditure 
elasticity of products 𝑖𝑖, the uncompensated and compensated own-prices and cross-prices 
elasticities between products 𝑖𝑖 and 𝑗𝑗. The elasticities of the CDE demand system must 
imperatively satisfy a set of microeconomic conditions:15 

• The Engel aggregation condition: 

�𝑤𝑤𝑖𝑖
𝑖𝑖

𝜂𝜂𝑖𝑖 = 1 

(20) 

• The Cournot condition: 

�𝑤𝑤𝑖𝑖
𝑖𝑖

𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 = −𝑤𝑤𝑖𝑖  

                                                        
14 See equations 3.21 and 3.22 page 413 in Hanoch (1975). 
15 To establish the complete conditions of the system (24) we relied on Bieri and Janvry (1972), Hanoch (1975), 
Aasness (1990), Deaton and Muellbauer (1980b), Tarr (1990), Sadoulet and De Janvry (1995), and Chen (2017). 
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(21) 

• The Slutsky’s equation: 

𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐 = 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 + 𝜂𝜂𝑖𝑖𝑤𝑤𝑖𝑖 

(22) 

• The symmetry condition: 

 

To these microeconomic conditions, the condition ∑ 𝑤𝑤𝑖𝑖𝑖𝑖 = 1 is obviously imposed. 

 

3. Method, data, and implementation 
To use the CD and CDE in applied models, the parameters of the demand system must be 
estimated or calibrated. In the context of the micro-simulated model, the CD demand system 
does not require any econometric estimates. Its parameters are, in fact, budget shares and can be 
directly calibrated using a household survey. On the other hand, in our approach, calibrating the 
elasticities and parameters of a CDE demand system requires going through the parameter and 
elasticity estimation of the QUAIDS demand system as we proposed in the previous section. In 
the following section, we detail the implementation of that approach. 
 
3.1. From QUAIDS estimation to CDE calibration 
To implement our approach, we proceed as follows. In a first step, we estimate the parameters 𝜆𝜆𝑖𝑖, 
𝛼𝛼𝑖𝑖, 𝛽𝛽𝑖𝑖 and 𝛾𝛾𝑖𝑖𝑖𝑖 of a QUAIDS demand system, from the data of a household survey with a 
numerically supported aggregation of products. The resulting estimates are used to compute the 
different elasticities for the QUAIDS system.16 
 
At the end of this step, we retain the QUAIDS estimates of the elasticities 𝜂𝜂𝑖𝑖, 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐  and 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 that 
become the initial values for the calibration of the elasticities and the parameters of the CDE 
demand system. In all these steps, it is necessary to respect both the microeconomic and 
econometric properties of the two demand systems (QUAIDS and CDE). 
 
To do that, Chen (2017) proposes two calibration methods. The first one is a three-step 
sequential type. It consists of calibrating in a sequence 𝛼𝛼𝑖𝑖, 𝑒𝑒𝑖𝑖 and 𝛽𝛽𝑖𝑖, from the elasticities 

                                                        
16 There are at least two STATA commands to estimate the parameters of a QUAIDS system. The first one (𝑞𝑞𝑢𝑢𝑎𝑎𝑖𝑖𝑞𝑞𝑠𝑠) 
was developed by Poi (2002) and updated in Poi (2012) and Poi (2013). The second command (𝑎𝑎𝑖𝑖𝑞𝑞𝑠𝑠𝑖𝑖𝑎𝑎𝑎𝑎𝑠𝑠) was 
developed by Lecocq and Robin (2015). 
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estimated in the previous step for a QUAIDS type demand system.17 The second method is a 
kind of entropy method for which the calibrated values of the substitution (𝛼𝛼𝑖𝑖) and expansion (𝑒𝑒𝑖𝑖) 
parameters are obtained simultaneously by optimizing an objective function (or criterion) with 
the estimation obtained (always in the previous step) for these elasticities as initial values. 
 
In this article, we improve and systematize the method proposed by Chen (2017). For this 
purpose, we draw on the approach proposed by Golan et al. (1994), who proposed an 
optimization method to find the unknown values of a matrix from economic data while 
respecting many constraints or conditions. 
 
We apply the cross-entropy method based on Golan et al. (1994) by minimizing an accurate 
criterion to deduce the calibrated values of the elasticities of a CDE-type function. This criterion 
is based on the sum of the weighted “differences” between the logarithms of the unknown values 
of the elasticities (the CDE ones) and the values estimated from the QUAIDS demand system. 
 
The associated minimization program respects the definitions of the elasticities of the CDE 
demand system (14, 15, 17, 18, and 19), the previously presented microeconomic constraints (20, 
21, 22, and 23) and those on the signs of the elasticities to be obtained. The solution of this 
minimization program is the calibrated values of the parameters 𝑒𝑒𝑖𝑖 and 𝛼𝛼𝑖𝑖 and the elasticities of 
the CDE demand system (𝜂𝜂𝑖𝑖, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢, 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐 , 𝜎𝜎𝑖𝑖𝑖𝑖). The complete minimization program is presented in 
detail in System 24. This program is naturally solved for each household in the survey. In our 
opinion, this is a major contribution to the literature on the calibration of the parameters of a 
CDE demand system and in its use to approach the impact of public policies in a micro-
simulation model. 
 

                                                        
17 The GAMS program of the sequential approach is in the appendix of the article in Chen (2017). 
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where 𝜂𝜂𝑖𝑖𝑡𝑡, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡 and 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡 are respectively the expenditure elasticity of products 𝑖𝑖 and the 
uncompensated and compensated own-prices and cross-prices elasticities between products 𝑖𝑖 and 
𝑗𝑗, estimated on the QUAIDS. It is important to note that 𝜎𝜎𝑖𝑖𝑖𝑖𝑡𝑡  does not come directly from the 
QUAIDS system estimation. It is deduced in one step of the resolution for System 24 as 
explained in section 3.3. 
 
To complete the calibration of the CDE demand system, the 𝛽𝛽𝑖𝑖 parameter still needs to be 
calibrated. This one is obtained by the calculation from the demand function of good 𝑖𝑖 in the 
sequential approach. Following Chen (2017) and van der Mensbrugghe (2020), we use the 
calibrated value of 𝛼𝛼𝑖𝑖 and normalizing 𝑢𝑢 =1, 𝑝𝑝0𝑖𝑖 =1 and 𝑞𝑞0𝑖𝑖 = 𝑤𝑤𝑖𝑖 from (12): 

 

𝛽𝛽𝑖𝑖 =
𝑤𝑤𝑖𝑖

1 − 𝛼𝛼𝑖𝑖
/�

𝑤𝑤𝑖𝑖
1 − 𝛼𝛼𝑖𝑖𝑖𝑖

. 

(25) 
 
In this article, the resolution of the system has been carried out using GAMS software after 
importing the elasticities estimated from a QUAIDS function in previous steps from STATA. 
There outputs are estimated values of 𝛼𝛼𝑖𝑖, 𝛽𝛽𝑖𝑖, 𝑒𝑒𝑖𝑖, 𝜂𝜂𝑖𝑖, 𝜎𝜎𝑖𝑖𝑖𝑖, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 and 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐  for a CDE demand system for 
each household in the survey and the products used in the estimation. Figure 1 summarizes the 
structure of these steps. 
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3.2. Data 
To estimate and calibrate the two considered demand systems, we need data from a household 
survey on expenditures by product. We also need a vector of price indices for the products 
considered, particularly to estimate the parameters of the QUAIDS demand system. We present 
the two sources of data we used in this article. 

 

3.2.1. Household survey 
We use data from the 2019 wave of the Enquête Panel des Ménages (EPM) of the Observatoire 
national du développement humain (ONDH) of Morocco. This survey was implemented for the 
first time in Morocco in 2012. In 2017 and 2019, the ONDH sought to ensure regional 
representativeness (the 12 regions of the country in addition to national representativeness and 
by place of residence) by increasing the sample size. The uncleared file we ran contains 16,879 
households. After clearing and discarding households with outliers or missing observations, 
15,904 households were considered in our application. Table 1 presents the distribution of the 
ONDH wave 2019 EPM sample at the household level, as inferred from the files used. 
 
Table 1. Household frequencies (sample and population) of the Survey EPM 2019 by place 
of residence 
Households Sample Freq. % Pop. Freq. Pop. % 

Urban 9 170 57.66% 4 841 027 66.29% 
Rural 6 734 42.34% 2 461 643 33.71% 

Morocco 15 904 100.00% 7 302 670 100.00% 
Source: Authors 
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Figure 1. Structure of the three stages 

 
Source: Authors. 
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The adopted aggregation is based on the nomenclature used by the Direction de la Comptabilité 
Nationale (DCN) of the Haut-Commissariat au Plan (HCP). We mapped the 1,283 goods and 
services included in the survey (consumer expenditures) to four aggregated products for 
numerical and practical considerations. Firstly, the available STATA commands (quaids and 
aidsills) used for estimating the parameters allow only a limited number of goods and services. 
Especially with a larger number of categories, the budget shares of the products for different 
households are too low, which generates numerical problems at different levels at all stages of 
the method. The selected aggregation into four product categories avoided this problem without 
affecting the objective of our analysis.18 
 
Secondly, Morocco has five levels of VAT in 2019: zero, seven, ten, 14, and 20 percent. We 
have considered that the number of products taxed at 14 percent is low. For this reason, we have 
chosen to aggregate these products with those taxed at ten percent. Thus, all the analysis 
conducted in this article is made on the basis of four value-added tax rates: zero, seven, ten, and 
20 percent. After mapping, each of the 1,283 products consumed or not consumed by each 
household is placed in only one of these four categories. On the basis of this mapping, we then 
computed the total expenditure for each of the four product categories for each household and 
computed the four associated budget shares. 
 
3.2.2. Construction of the price vector 
The basic price indices are derived from the HCP’s briefing note on the Consumer Price Index 
(CPI) for the year 2019.19 Four price indices are computed as a weighted arithmetic mean for 
each household and the weights are the budget shares computed from the 1,283 products.20 
 
As mentioned earlier, to estimate the QUAIDS model on cross-sectional data, it is necessary to 
have variance in prices across households. Ideally, we would like to have the prices of goods by 
household or at least by region/area/province through other sources than the survey. Given the 
available information for the Moroccan case, prices were standardized by place of residence 
(urban, rural) to introduce some heterogeneity between households. In fact, since the group of 
products with zero VAT rate contains mainly agricultural products and since these ones are 
generally more expensive in urban areas, we have considered that the index of these products in 
rural areas is five percentage points lower than its level in urban areas. We consider the opposite 
for the other three price indices. In doing so, the problem of price endogeneity and the use of the 
instrumental variable method is avoided. 

                                                        
18 It should be noted that this is not a limitation of the proposed method, which remains valid regardless of the 
number of categories of products retained. The problem encountered is then purely numerical. 
19 See https://www.hcp.ma/L-indice-des-prix-a-la-consommation-IPC-de-l-annee-2019_a2451.html. 
20 We used a preliminary aggregation into 39 products selected from an Input-Output table of the HCP. 

https://www.hcp.ma/L-indice-des-prix-a-la-consommation-IPC-de-l-annee-2019_a2451.html.
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Obviously, by doing so, we expect to have collinearity between the different price indices of the 
group of products. After verification, the correlation matrix shows that the linear correlation 
coefficients are all in absolute value, higher than 74 percent. This could naturally cause a 
problem in terms of inference, but not for the parameters and elasticities estimation that concern 
us in this article. 

 

3.3. From theory to practice: Steps for implementation 
The complexity of the approach developed and the applied contribution of this article concerns 
the numerical implementation of the link between the estimation of the QUAIDS demand system 
and the calibration of the one resulting from the CDE specification. Indeed, from the modeler’s 
point of view, the microeconomic constraints that must be satisfied are not necessarily part of 
econometricians’ concerns in the estimation process. In order to ensure that we have 
microeconomic consistency in the estimation and calibration of expenditures, own-prices and 
cross-prices elasticities and Allen-Uzawa elasticities of substitution, we have broken down the 
work into six main steps. One of them was done in STATA (quaids estimation) while the other 
five were done with the GAMS software (calibration steps, calculation of the 𝛽𝛽 parameter). 
Flowchart 3 in Annex A summarizes each of the steps we are going to detail in this section. 

 

1. In the first step, after we prepared the database according to the approach explained in 
section 3.2, we estimate the QUAIDS demand system using the STATA command of Poi 
(2012). The estimate is performed decile by decile in each residence area (20 estimation 
procedures). Furthermore, we estimated the model retaining three demographic variables: the 
age and the sex of the head of household and the size of the household. 
 
We also tested whether the form of the expenditure system was AIDS or QUAIDS (𝐻𝐻0: 𝜆𝜆 =
0) for each decile. We conclude that the demand system is a QUAIDS type for all deciles in 
both areas. Therefore, the estimates of the elasticities of a QUAIDS demand system obtained 
at this stage will be used as a starting point for initialization for the subsequent stages. Thus, 
at the end of this first step, we obtain the estimates of the elasticities of a QUAIDS-type 
demand system for four aggregated products and for each household, namely 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡1, 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡1 and 
𝜂𝜂𝑖𝑖𝑡𝑡1. 
 
2. This step consists of importing the results obtained in STATA in step 1 into GAMS, 
namely the matrices of two (household, product 𝑖𝑖 for 𝜂𝜂𝑖𝑖𝑡𝑡) and three dimensions (household, 
product 𝑖𝑖, product 𝑗𝑗 for 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡, 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡 ). Before proceeding with the subsequent calibration steps, 
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we verified the microeconomic consistency, notably the respect of four conditions (20, 21, 22, 
and 23) as well as the sum of the budget shares evaluated for each household equal to one. 
 
3. In the third step, we adjust the variables 𝑤𝑤𝑖𝑖, 𝜂𝜂𝑖𝑖𝑡𝑡1, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡1 and 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡1 for each product 𝑖𝑖 and each 
household obtained in STATA that do not eventually respect the microeconomic constraints 
by performing a first calibration step. The objective is to obtain adjusted shares using an 
entropy criterion so that the microeconomic consistency is respected and to re-evaluate all the 
other variables. The initial values used in this step are those obtained at the end of the 
previous one. Thus, at the end of this step we adjusted the shares (𝑤𝑤𝑖𝑖2) that are consistent and 
that we will use in all future steps without any modification. The solution of all the other 
variables of interest are then re-evaluated and will serve as a starting point for the next step. 
We note them 𝜂𝜂𝑖𝑖𝑡𝑡2, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡2 and 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡2.21 

 
4. In this step, we start the calibration of the elasticities and parameters of the CDE demand 
system. Given the non-linearity and complexity of the system 24, numerical resolution turned 
out to be difficult. The problem encountered is mainly related to the size (number of 
constraints to be respected and variables considered) rather than to the specification of the 
system itself. We have therefore chosen to follow Chen’s (2017) example by adopting a two-
step sequential approach. 
 

– From equation (19), the expenditure elasticity (𝜂𝜂) depends only on the 𝛼𝛼 and 𝑒𝑒 
parameters.22 In a first step, we calibrate 𝜂𝜂 for each product and for each household using an 
entropy criterion relative only to 𝜂𝜂 and respecting the constraints that only show 𝜂𝜂 (i.e. 22, 23, 
Engel and sign conditions) and the budget shares obtained in step 3. At the end of this step, 
we obtain a consistent estimate of 𝜂𝜂 and first estimates for the 𝛼𝛼 and 𝑒𝑒 parameters of the CDE 
demand system. In this step, we also use, as an initial point, the results obtained in step 3 i.e. 
𝑤𝑤𝑖𝑖2, 𝜂𝜂𝑖𝑖𝑡𝑡2, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡2 and 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡2. The results obtained are denoted by 𝜂𝜂𝑖𝑖𝑡𝑡3, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡3, 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡3, 𝛼𝛼𝑖𝑖𝑡𝑡3 and 𝑒𝑒𝑖𝑖𝑡𝑡3. 
Furthermore, with the values obtained at this step, we compute for the first time an estimate of 
the Allen-Uzawa elasticities compatible with the CDE system (equation (13)) noted 𝜎𝜎𝑖𝑖𝑖𝑖𝑡𝑡3. 

– Then, we calibrate the compensated and uncompensated own and cross-prices elasticities 
and the Allen-Uzawa elasticities of substitution using a new entropy criterion and the 
constraints associated with prices elasticities (Cournot, 22, 23, and the sign condition) and 
taking the values (𝑤𝑤𝑖𝑖2, 𝜎𝜎𝑖𝑖𝑖𝑖𝑡𝑡3, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡3, 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡3 and 𝜂𝜂𝑖𝑖𝑡𝑡3) as an initial point. 

                                                        
21 Note that at the end of this step, we have solved the estimation-calibration link per household for a QUAIDS-type 
application system that can be used in a micro-simulated model. 
22 We proceed to the inverse of Chen (2017), who starts by calibrating the elasticity of the expenditure which 
depends only on the single parameter 𝛼𝛼. 
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At the end of this step, we obtain the new calibrated values of compensated and 
uncompensated own and cross-prices elasticities and the Allen-Uzawa elasticities of 
substitution 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡4, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡4, 𝜎𝜎𝑖𝑖𝑖𝑖𝑡𝑡4 and we re-evaluate the expenditure elasticities, denoted 𝜂𝜂𝑖𝑖𝑡𝑡4 and 
the CDE parameters, 𝛼𝛼𝑖𝑖𝑡𝑡4 and 𝑒𝑒𝑖𝑖𝑡𝑡4. These values are used in the next step as a starting point for 
the last calibration step. 
 
5. This last calibration step in our approach consists of applying an entropy criterion for all 
the parameters and elasticities of System 24 using, as an initial point, the values obtained in 
the previous steps. At the end of this step, we obtain the final parameters and elasticities for 
the CDE demand system, calibrated for four products and for each household. We denoted 
these by 𝜂𝜂𝑖𝑖𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡, 𝜎𝜎𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡, 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡, 𝜎𝜎𝑖𝑖𝑖𝑖𝑐𝑐𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡, 𝛼𝛼𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡 and 𝑒𝑒𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡. 

 
6. Following Chen (2017) and van der Mensbrugghe (2020), we calibrate 𝛽𝛽𝑖𝑖 by a calculation 
directly from equation (25) and using the 𝛼𝛼𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡 obtained in the previous step. For each 
household, 𝛽𝛽𝑖𝑖 has been calibrated by normalizing 𝑢𝑢 = 1, 𝑝𝑝𝑖𝑖0 = 1 and 𝑞𝑞𝑖𝑖0 = 𝑤𝑤𝑖𝑖2.23,

23F

24 

 

At the end of this step, we get all the parameters and elasticities of a CDE-type demand 
system for each household. In the following section, we use these estimates to compare the 
results of simulations of changes in value-added taxation in Morocco by considering the two 
CD and CDE specifications presented previously into a micro-simulated partial equilibrium 
model. 

 

4. Simulations of fiscal policies 
To carry out the comparative analysis, we develop a partial equilibrium model that holds in 
parallel the two demand systems showing the variables for the reference situation and for all the 
simulations considered. We begin by describing the model followed by the presentation of the 
simulated scenarios and, finally, the results obtained. 

 

                                                        
23 Note that, theoretically, the calibrated 𝛽𝛽𝑖𝑖 can be positive or negative depending on the product and the value of the 
𝛼𝛼𝑖𝑖 (especially when 𝛼𝛼𝑖𝑖 > 1). In our case, to respect the conditions on the parameters derived by Hanoch (1975), we 
have upper bounded 𝛼𝛼𝑖𝑖 to 0.99 so that 𝛽𝛽𝑖𝑖 is positive. 
24 See for example Yu et al. (2004), footnote 10 of page 18. 
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4.1. Partial equilibrium model 
We consider a partial equilibrium model in which the prices of different goods and total 
expenditures are exogenous for each household. The prices of goods incorporate different VAT 
rates by product group 𝑖𝑖, 𝑖𝑖 = 1, … ,𝑘𝑘 = 4 as explained above. These rates are subject to 
exogenous variations that we will illustrate in four VAT reforms. In parallel, we consider three 
levels of expenditures per household, namely the status quo compared to the reference situation, 
a uniform increase of five percent, and a decrease of five percent. Overall, we simulate 12 
scenarios indexed (𝑠𝑠), which we will detail in the following sub-section. 
 
In the model of Table 2, the variables in 𝑞𝑞𝑑𝑑𝑑𝑑 represent relative changes and those indexed 0 are 
relative to the baseline situation. The only new variable in the model is the price index specific to 
each household, 𝑃𝑃.25 It allows us to adjust the expenditure for each scenario (𝑚𝑚𝑠𝑠𝑡𝑡) to make it 
comparable with the reference one and a constant poverty line. These are the variables used in 
the distributional analysis. 
 
Following Corong et al. (2017) and van der Mensbrugghe (2020), equation 26 is the relative 
change in the quantity demanded of each good 𝑖𝑖 as a result of the relative changes in prices and 
total expenditure in a CDE demand system: 

�̇�𝑞𝑖𝑖𝑠𝑠 = 𝜂𝜂𝑖𝑖�̇�𝑚𝑠𝑠 + �𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢

𝑖𝑖

�̇�𝑝𝑖𝑖𝑠𝑠. 

(26) 
It is interesting to note that in terms of relative variations, the CD demand system is a special 
case of the CDE demand system. The equation (26) simply becomes for the CD demand system 
�̇�𝑞𝑖𝑖𝑠𝑠 = �̇�𝑚𝑠𝑠 − �̇�𝑝𝑖𝑖𝑠𝑠 since in this case, 𝜂𝜂𝑖𝑖 = 1, ∀𝑖𝑖𝑖𝑖. . . ,𝑘𝑘 et 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 = 0 si 𝑖𝑖 ≠ 𝑗𝑗 et 𝜎𝜎𝑖𝑖𝑖𝑖𝑢𝑢 = −1. 

 

This model has been used to perform the 12 simulations presented below. 

 

 

 

 

 

                                                        
25 In this article, we have retained two formulations of this price index. The multiplicative form, presented in Table 
2, and an additive form 𝑃𝑃𝐴𝐴𝑠𝑠 = ∑ 𝑤𝑤𝑖𝑖𝑠𝑠𝑘𝑘

𝑖𝑖=1 �𝑝𝑝𝑖𝑖
𝑠𝑠

𝑝𝑝𝑖𝑖
0� as proposed by Corong et al. (2017) and van der Mensbrugghe (2020). . 

The results obtained are approximately the same. 
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Table 2. Partial equilibrium model 

 
Sources: Authors 
 
 
4.2. Presentation of scenarios 
During the 1980s, Morocco undertook a major reform of its fiscal system. Its objective was to 
develop a modern, coherent, efficient, and more universal fiscal system. Since then, several 
measures have been introduced through successive finance laws. The VAT is a major indirect tax 
that came into force in Morocco in 1986. It generates the most tax revenue for the government, 
affecting both domestic and imported products. VAT is defined on the basis of consumption and 
its coverage is very broad. Nevertheless, some sectors remain outside this taxation, especially the 
agricultural sector. Some retail sales and services or products are exempt by law. In 2019, the 
VAT rates applied in Morocco are zero percent for basic goods, seven, ten, 14, and 20 percent. It 
is proportional and affects the entire population in the same way. 
 
In May 2019, the Third National Conference of Fiscality was held. The two previous ones were 
held in 1999 and 2013. At each of these conferences, the reform of VAT was on the agenda to 
make it a coherent, sustainable, and neutral tax. Among the recommendations, it is considered to 
introduce a reduced rate on consumer goods that could currently be exempt, including 
agricultural products. Another recommendation plans to consider only two rates: an intermediate 
rate (ten to 12 percent) and a standard rate of 20 percent. 
 
In this article, we simulate the impact on poverty of 12 scenarios by considering four changes in 
VAT rates that we combine with three changes in the level of household expenditure. In three 
cases, noted 𝑎𝑎, 𝑏𝑏, and 𝑐𝑐, we consider that the household expenditures remain constant with 
respect to the baseline situation. In the other two cases, we simulate an increase and a decrease of 
five percent in these expenditures, respectively. For each of these three cases, we apply four 
changes in the VAT rate, noted as 1, 2, 3 and 4: 
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• Case 1: Application of three rates, namely seven percent for products currently exempted or 
taxed at seven percent, 14 percent for products taxed at ten percent and 14 percent, and 20 
percent for other goods and services. 

• Case 2: Application of a flat rate of 12 percent for all categories of goods and services. 
• Case 3: Application of two rates, i.e. ten percent for products currently exempt or taxed at 

seven percent, ten percent, or 14 percent, and 20 percent for other goods and services. 
• Case 4: Application of a flat rate of 20 percent for all categories of goods and services. 
 

Table 3. Resume of scenarios 

Scenarios Simulations conducted 
Sim a-1 Fixed expenditures and 3 VAT rates (7%, 14% & 20%) 
Sim a-2 Fixed expenditures and flat rate (12%) 
Sim a-3 Fixed expenditures and 2 VAT rates (10% & 20%) 
Sim a-4 Fixed expenditures and flat rate (20%) 
Sim b-1 Expenditures - 5% and 3 VAT rates (7%, 14% & 20%) 
Sim b-2 Expenditures - 5% and flat rate (12%) 
Sim b-3 Expenditures - 5% and 2 VAT rates (10% & 20%) 
Sim b-4 Expenditures - 5% and flat rate (20%) 
Sim c-1 Expenditures + 5% and 3 VAT rates (7%, 14% & 20%) 
Sim c-2 Expenditures + 5% and flat rate (12%) 
Sim c-3 Expenditures + 5% and 2 VAT rates (10% & 20%) 
Sim c-4 Expenditures + 5% and flat rate (20%) 

Source: Authors. 

 
4.3. Tools for distributional analysis 
To analyze the impact of VAT rate reforms, combined or not combined with changes in per 
capita household expenditures on poverty, we adopt two complementary approaches: a point 
estimation and a distributional analysis. Comparisons are made on results obtained from a model 
based on a CDE-type demand system and a CD-type system. 
 
For the point estimation analysis in terms of monetary poverty, it is necessary to set a poverty 
line (noted 𝑧𝑧𝑝𝑝). Since the distributions of per capita household expenditures have all been 
adjusted to be comparable with the reference distribution, the 𝑧𝑧𝑝𝑝 line is the same regardless of 
the distributions. 
 
In this article, we choose relative poverty lines. These poverty lines (distinct from one milieu to 
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another) are computed on the distribution of per capita expenditures in households in the 
reference situation. More explicitly, we use a relative poverty line equal to half of the median of 
this distribution (𝑧𝑧𝑝𝑝 = 0.5 median) according to place of residence. 

 

Using these poverty lines, we computed all the usual measures of monetary poverty (FGT) and 
inequality (Gini) for the reference situation and for the 12 scenarios at the national level and for 
the two areas of residence (urban and rural).26 
 
In addition, and in order to go beyond the setting of a poverty line in the comparisons, we carry 
out a stochastic dominance analysis. Under the scenarios considered, we anticipate shifts in the 
distribution curves. Also, the first (or second) order stochastic dominance analysis is more 
informative in this context. Indeed, with these stochastic dominance tests, the comparisons are 
unambiguous for a wider range of poverty lines. 

 

4.4. Results 
Our analysis highlights several interesting results depending on the focus chosen, namely the 
economic policy dimension (tax reform and/or expenditure variation) and the methodological 
dimension that allows for a comparison of the results according to the demand system adopted. 
In order to conduct this comparison, we retain only what is related to the poverty incidence. 

 

4.4.1. Implications of a tax reform in Morocco 
Looking only at the results obtained with the CDE demand system, it appears that without a 
change in household expenditures, all of the proposed tax reforms will lead to an increase in the 
poverty rates. Its incidence rises from 7.06 percent under the baseline situation to 8.01 percent, 
8.57 percent, 8.71 percent, and 10.99 percent, according to the selected scenario. This implies 
that these reforms could increase poverty. This can be explained by the fact that the products 
consumed mostly by poor people are subject to an increase in the VAT rate, which reduces their 
purchasing power. The simulations show that the increase in the poverty incidence is statistically 
significant for all the proposed tax reforms. Indeed, none of the four confidence intervals 
contains the value of the poverty incidence in the baseline situation (i.e. 7.06 percent). For the 
first scenario, which consists of introducing a seven percent VAT on exempt products, the 
poverty incidence increases from 7.06 percent to 8.01 percent. In scenario 4, which puts the rates 

                                                        
26 Given the objective of this work, we present and analyze in this article only the variation for the poverty incidence 
at the national level. In Appendix 5 (see Table 5), we present the results obtained in terms of inequality. Results by 
area of residence and for depth and severity of poverty are not presented but are available from the authors. 



25 
 

at 20 percent for all products including those currently exempt, the poverty incidence increases 
by 55.67 percent. 
 
In terms of economic policy, it therefore appears that any tax reform designed to remove tax 
exemptions for basic consumption goods, especially consumed by the poorest households, must 
be done gradually so as not to have a major impact on these households. More generally, this 
result highlights the social implications of any tax reform. 
 
When the tax reform scenarios are combined with a negative shock that reduces household 
expenditures by five percent (pandemic, drought…etc.) (𝑆𝑆𝑖𝑖𝑚𝑚 𝑏𝑏 −.), the poverty incidence 
increases significantly under all four cases with, as before, stronger effects for cases 2 to 4. An 
opposite effect is observed for case 1 when household expenditures benefit from a positive shock 
that increases them by five percent. For this reform, the poverty incidence is reduced compared 
to its level in the baseline situation (6.57 percent). However, even with this uniform positive 
growth (five percent) in household expenditures, under the other three cases, the poverty 
incidence increases, but this increase is only statistically significant when all products are taxed 
at 20 percent. 
 
4.4.2. CDE versus CD: Is the calibration effort justified? 
Table 4 compares the results of the simulations considered under each of the two systems: the 
first, the CDE system, is supposed to be flexible but challenging in terms of estimation and 
calibration, and the second, the CD system, is constraining but simpler to implement. 
 
Several interesting results emerge from the analysis. For the 12 simulations considered, the 
poverty incidence is systematically higher under the CD system. This result can be explained by 
the crucial role of the values of the elasticities in this type of analysis. Indeed, with the CDE 
system, the elasticities are different from one household to another, for each of the groups of 
products considered (micro-simulation effect) as opposed to the CD system for which all the 
expenditure elasticities are constant and equal to the unit for all households and for all 
products.27 
 
More generally, the results of the simulations in these models reflect the expenditure elasticities, 
own and cross-price elasticities estimated or calibrated for the selected demand systems. In our 
case, household behavior would probably be better approached with a CDE system that captures 
more substitution between products and reduces the negative effects of the impacts of the 
simulated shocks. 

                                                        
27 Our results show that 17.66 percent of households have an expenditure elasticity greater than one for product 
group 1. For the other three product groups, these proportions are 12.48, 31.78, and 86.14 percent, respectively. 
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Table 4. Poverty incidence (%) and confidence intervals 

 
Source: Authors. 

The results show that the point estimates of the poverty incidence under the CDE system in three 
simulations conducted (cases 1 to 3), are each time-included in the confidence intervals 
constructed for the same measure under the CDE system and vice versa. Tests of equality 
between these two measures in each of the cases considered lead to the non-rejection of the 
underlying null hypotheses. This means that the differences between the two systems are not 
statistically significant. However, when the shock is greater (case 4), the differences become 
statistically significant, and the point estimates of the poverty incidence fall outside the 
confidence intervals of the alternative demand system. For example, in simulation Sim b-4, the 
estimated poverty incidence is equal to 13.35 percent under the CDE system and 14.19 percent 
under the CD system. The respective confidence intervals range from 12.69 percent to 14.02 
percent under the CDE system and from 13.52 percent to 14.87 percent under the CD system. 
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This underlines the fact that as soon as the simulated shocks are large, it is probably preferable to 
retain the CDE system. In the contrary case, the precision gain does not seem to justify the use of 
the CDE system in terms of point estimation regarding the cost in terms of estimation-
calibration. 

Figure 2. First-order stochastic dominance Sim-b-4 

Source: Authors. 

All these results could be conditioned by the fact that they are associated with an incidence 
measure based on a poverty line. We have therefore considered a stochastic dominance 
robustness analysis. For this purpose, the adjusted household per capita expenditure densities 
and distribution curves obtained from the two demand systems and compared to the baseline 
situation have been constructed. 
 
Figure 2 illustrates, for example, the distribution functions of the three per capita expenditures of 
the Sim b-4 simulation featuring a uniform five percent decrease in expenditures and a 20 
percent VAT rate for all products. It appears that whatever the value of the poverty line below 
MAD 7,000 per person and per year, poverty increases under the two demand systems 
considered. Moreover, the gap between the curves increases as the value of the poverty line 
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increases and the gap between the simulated curves (CDE versus CD) becomes wider. This 
shows that the results obtained under the CD system amplify the negative impact than those 
obtained with a CDE system. 
 
5. Conclusion and discussion 
The objective of this article is to compare two demand systems, namely the CD-type system and 
a more flexible but more complex to estimate CDE demand system in a micro-simulation model. 
For this purpose, we developed a hybrid estimation-calibration approach to calibrate the 
parameters and elasticities of the CDE demand system using estimates obtained from the 
QUAIDS demand system and numerically minimizing an entropy criterion. 
 
Using Moroccan ONDH data (wave 2019 of the Panel Survey), we construct a partial 
equilibrium micro-simulation model to simulate four cases of VAT reforms with or without 
changes in household expenditures on the usual monetary poverty measures. We then perform 
point comparisons, confidence intervals and stochastic dominance analysis on the poverty 
measures between the two systems (CDE, CD). 
 
It appears that when the simulated shocks are moderate, the gain of using a CDE system instead 
of a CD system is low. Estimates of poverty measures are statistically equivalent. On the 
contrary, when the simulated shocks are stronger, the differences become significant and 
increase as the poverty line increases when the analysis is performed in terms of stochastic 
dominance. 
 
At the theoretical level, our results show that it is clearly different to use one or other demand 
systems, given their characteristics (parameters and elasticities). In practice, the use of these 
models can lead to different results when evaluating public policies and their impacts on poverty 
measures. 
 
However, our conclusions are obviously conditioned by the context considered. They are 
inferred from aggregation and specific simulations in the framework of a partial equilibrium 
model in which the interactions between different prices on the one hand and between prices and 
demands on the other are not taken into account (no general equilibrium effects). The differences 
obtained could be greater or smaller in different contexts. 
 
Based on the estimation-calibration approach of the CDE demand system developed in this 
article, we have been able to highlight, by comparison, several relevant results from both 
theoretical and empirical points of view. These results were not trivial a priori. 
 
The approach developed in this article is numerically time-consuming and demanding. Without 
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this technical limitation, it can be used by considering a higher number of goods and services, i.e. 
by considering a greater disaggregation. If we want our conclusions to be taken into account in a 
public policy simulation exercise, it is important to make them systematic by automatizing their 
numerical implementation. That way, modelers and decision-makers will be better supported in 
their efforts. It is precisely in this sense that we are pursuing our research. 
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Appendix A. Flowchart of Implementation 

Figure 3. Implementation steps 

Source: Authors  
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Appendix B. Inequality 

Table 5. Inequality 

 
Source: Authors. 
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