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Executive summary 
 

Differences in product quality among firms and varying levels of quality appreciation across 

countries play a crucial role in shaping trade relationships. Quality production has costs, but it 

also shifts the demand curve and can influence observed trade relationships in either a positive 

or negative way. Traditional simulation models do not consider these aspects, and therefore the 

simulation results from these models may be biased. Accurate simulation models are essential 

for policymakers to design effective policies and for firms to develop strategies aligned with their 

profitability. Therefore, enhancing the accessibility of such models to simulation practitioners is 

of significant value. This deliverable entails the documentation of a summary of the developed 

modeling framework, its parametrization, and calibration, extending the international trade 

simulation framework to include firms that produce distinct product qualities. Additionally, this 

deliverable provides a numerical illustration of the model by applying an arbitrary 10% bilateral 

tariff shock between two trading partners. The simulated results from this quality differentiation 

framework are compared with those obtained using only horizontal differentiation, as specified 

in the Melitz model. Our results reveal significant differences in the impact of a given shock 

when comparing the two modeling frameworks: the traditional Melitz model that does not 

incorporate product quality differentiation, and the extended model that does. Specifically, our 

analysis shows that the impacts are relatively lower when product quality differentiation is 

considered. These findings have important implications. Traditional trade models that overlook 

product quality differentiation may overestimate the effects of policy interventions, such as 

tariffs. In contrast, models that account for variations in product quality offer a more nuanced 

and accurate representation of trade impacts. This underscores the critical need to make these 

advanced simulation models accessible to practitioners, enabling more informed and effective 

policy and strategy development. 

 

 
 
 



 

6 
 

Introduction 
 
In existing computable general equilibrium (CGE) models, changes in trade flows are typically 

based on the assumption that the quality of products shipped to each export destination and 

the perception of consumers in those markets toward product quality remains constant. This 

contradicts recent literature that highlights the importance of supply-side quality 

differentiationτwhere product quality varies across firmsτand demand-side quality 

differentiationτwhere consumer willingness to pay for product quality varies across markets. 

Jafari et al. (2023) extend the formulation of international trade in CGE models, building on 

Melitz (2003), by allowing firms to produce distinct product qualities and serve markets where 

consumer willingness to pay for quality is high enough to ensure profitability. This extension 

incorporates theoretical studies on firm product quality differentiation within the Melitz 

framework and methodologies to translate this theoretical framework into a computable 

general equilibrium form accessible to CGE modelers. The developed CGE framework enhances 

the accessibility of CGE modelers to firm trade models with product quality differentiation.  

This deliverable involves a summary of the developed framework, the coding, the 

parameterization, and the calibration of the model in a partial equilibrium fashion, which can be 

easily extended to multiple sectors resembling a CGE model. Additionally, it provides a 

numerical illustration by applying an arbitrary 10% bilateral tariff shock between two trading 

partners across countries in the food processing sector in an arbitrary construction of 

benchmark flows. The simulated results from this quality differentiation framework are 

compared with those obtained using only horizontal differentiation, as specified in the Melitz 

model. 



 

7 
 

Our results show notable differences in the impact of a given shock when comparing two 

modeling frameworks: the traditional Melitz model, which lacks product quality differentiation, 

and an extended model that incorporates it. Specifically, our analysis reveals that the impacts 

are relatively smaller when product quality differentiation is taken into account. 

The remainder of this deliverable is structured as follows. We first present the constructed 

model with product quality differentiation from Jafari, Engemann, and Heckelei (2023). We then 

discuss the methodologies used and applied to two food processing sectors in Italy and France 

for the parameterization of the study (Curzi and Jafari, 2024). Next, we present the codes and 

explain how the model is calibrated. Following this, we present the results of the arbitrary 

implementation of the imposition of bilateral import tariffs between two trading partners and 

compare the results in two different modeling configurations: the Melitz model without product 

quality differentiation and the Melitz model with product quality differentiation. The final 

section concludes. 

Modeling framework 

The modeling framework presented here is based on Jafari et al. (2023), which extends the 

formulation of international trade in CGE models relying on Melitz (2003). This extension allows 

firms to produce distinct product qualities and serve markets where consumer willingness to 

pay for quality ensures profitability. Jafari et al. (2023) build on theoretical studies incorporating 

firm product quality differentiation into the Melitz framework and translating these theoretical 

frameworks of firm behavior in international trade into a computable setting accessible to CGE 

modelers. The study by Jafari et al. (2023) integrates both supply- and demand-side aspects of 

product quality into a unified general equilibrium framework at the firm level. In this framework, 

product quality is determined by firmǎΩ productivity, and firmsΩ decisions to operate on each 
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trade link depending on consumer willingness to pay for product quality, which is influenced by 

per capita income in each destination. The study then translates this unified framework into a 

computable setting that aligns with the relatively aggregate sectoral data and definitions used 

by CGE models. In this deliverable, we present only the model setting that matches the 

aggregate sectoral data and definitions, which, after parameterization and calibration, can be 

directly used for simulation analysis. 

The equilibrium is defined by introducing a representative firm (variety) on each bilateral trade 

link. This representative firm has the average productivity among operating firms, and its 

decision variables are determined by the distribution of productivity across these operating 

firms. 

wŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƛǊƳΩǎ ǇǊƻŘǳŎǘƛǾƛǘȅ ŀƴŘ ǉǳŀƭƛǘȅ 

[ŜǘΩǎ ŘŜŦƛƴŜ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƛǊƳ ŀǎ ŀ ŦƛǊƳ ǿƛǘƘ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǇǊƻŘǳŎǘƛǾƛǘȅ ǿƘƛŎƘ ƛǎ ŀ /9{ 

aggregation of the productivities of all firms operating on a given bilateral trade link 

 
•  ᷿ •  

 ᶻ  Ὠ•ᶻ

 
, 

(1) 

where Ὣ•  is the probability distribution function (pdf) of the firm productivities and Ὃ•  

refers to the cumulative distribution function (CDF). Given that only those firms having a 

productivity above a certain level •  •ᶻ  will operate in a market, ρ  Ὃ•ᶻ  is the 

probability that the firm is active in the market. Thus, the pdf, conditional on the firm being 

active on the market Ὠ, is 
 ᶻ . 

Given the imposed relation of quality as a function of productivity ‗  •  and considering the 

productivity of the representative firm •, the product quality of the representative firm ‗  is 
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 ‗ὭίὨ •ὭίὨ
‪ . (2) 

where π ‪ <1 reflects the elasticity of product quality with respect to the firm productivity. 

Relying here on a Pareto productivity distribution, which has analytical tractability, and on 

ŜƳǇƛǊƛŎŀƭ ŜǾƛŘŜƴŎŜ ǎǳǇǇƻǊǘǎ ǘƘŀǘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŦƛǊƳǎΩ ǇǊƻŘǳŎǘƛǾƛǘȅ Ŧƻƭƭƻǿǎ ǘƘƛǎ ŘƛǎǘǊƛōǳǘƛƻƴ 

(Cabral and Mata 2003). The Pareto pdf is 

 Ὣ•  , (3) 

and thus, its cdf is 

 Ὃ•  ρ  , (4) 

where ὦ π is the minimum productivity and ὥ π is a shape parameter. Lower values of the 

shape parameter imply higher productivity dispersion among firms. Taking • = •ᶻ  in the CDF, 

the conditional pdf is 

 
ᶻ  = 

ᶻ

 = 
ᶻ

 if •   •ᶻ  

= 0 if   •   •ᶻ . 

(5) 

Given the conditional Pareto pdf, one may derive the ratio of the productivity of the 

representative firm to the marginal firm, i.e., zero-profit productivity cutoff. Substituting (4) into 

(3) results in the productivity of the representative firm  

  
, (6) 

whereas the assumption of ὥ  „ ρ is imposed for the convergence of the integral to 

ensure the finite average productivity level in the industry (see Melitz 2003). 

Moreover, taking • = •ᶻ  in the cdf the probability that firm productivity is greater than •ᶻ  

, is  ρ Ὃ•ᶻ    ᶻ  = 
 
 , which after solving for •ᶻ  results in 
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 •ᶻ = b 
 

. (7) 

Substituting (19) in (18) and writing the function in terms of  •  results in the representative 

firmǎΩ productivity  

 • ὦ Ⱦ  
 Ⱦ . (8) 

wŜǇǊŜǎŜƴǘŀǘƛǾŜ ŦƛǊƳΩǎ ƻǇǘƛƳŀƭ ǇǊƛŎŜ 

We substitute the particular productivity level • for • in the optimal pricing equation (8), thus 

the optimal price of the representative firm is  

 ὴ  = 
 
 †   Ὧ‗  ρ ὸ  

שּׁ =  ὧὯ‗   ,   

(9) 

whereas the second line defines ּׁש  
 
 †  ρ ὸ . Here, we use ὴ •  ḳ ὴ  and 

‗ ‗ ḳ ‗ .  

Aggregate price and bilateral firm demand 

Dividing both sides of Equation (9) by ‗ ‫  results in the adjusted consumer price 

 
 = 
שּׁ  

  , 
(10) 

Considering the conditional pdf, we write the average Dixit-Stieglitz price index as 

 ὖ

 В ὃ ᷿ ὔ   ᶻ Ř•ᶻᶰ  , 

(11) 

where ὔ  is the mass of firms in sector Ὥ of region ί that sell in region Ὠ. We note that for ‫ 

each product variety is identical to • because each firm with unique productivity produces a 

unique variety. Therefore, the notations .are replaced by • in (11) ‫ 

Substituting (10) into (11), the integral phrase reads as 
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᷿ ὔ   ᶻ Ř•ᶻ   

= ὔ ᷿  
שּׁ  

   ᶻ Ř•ᶻ   

 = ὔ שּׁ  ὧὯ᷿    ᶻ Ř•ᶻ    

= ὔ שּׁ  ὧὯ   •  

= ὔ    

(12) 

Lines two and three follow from the substitution and simplification, respectively. Line 4 comes 

from combining the definition of the productivity of the representative firm (1), and the product 

quality of the representative firm (2). Line 5 comes from combining line 3 and the adjusted prices 

in equation (8). Substituting the last term in (11) results in the unit expenditure function, where 

products are differentiated vertically by  ‗ , and horizontally by ὔ  , and ‎ is the willingness 

to pay for ‗  

 
ὖ  В ὃ  ὔ  ‗  ὴ  . 

(13) 

The number of varieties in this equation ὔ  captures the horizontal differentiation of the 

products. The higher the number of varieties, the lower will be the amount of expenditure to 

obtain one unit of utility. The higher the quality of the product conditional on ‎ ρ leads to the 

similar. Moreover, thŜ ƘƛƎƘŜǊ ǘƘŜ ŎƻƴǎǳƳŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǉǳŀƭƛǘȅΣ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ǳǘƛƭƛǘȅ ǇŜǊ 

unit of expenditure. 

Considering that the demand for each variety, ή ‫ , is  

 ή ‫  = ὃ  . ‗ ‫    ὗ . (14) 

and, if we choose • •, the demand for the representative variety is 
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 ή ‫  = ὃ  ‗ ‫    ὗ .   (15) 

Zero profit condition and selection to market condition 

Considering the demand for average variety (15), the expected revenue of the average firm is 

obtained by multiplying ή ‫  by ὴ ‫  and correcting it for tariffs  

 ὶǿ    

= 
═░▼▀     

 

= 
═░▼▀      

. 

(16) 

The ratio of the revenue of any two firms in sector Ὥ of region ί on their sales in region Ὠ may 

be expressed as a function of the ratio of productivity and qualities  

 ὶǿ

ὶǶ
 
ὃ  ‗‫  ὴ ‫   ὖ  ὗ  

ὃ  ‗‫  ὴǶ ‫   ὖ   ὗ
 

= 

 

 
 

=  
 

  
 

 , 

(17) 

whereas line 2 follows from the substitution of optimal pricing (9) and the productivity of the 

representative firm •  and the marginal firm  •  (8) into the first line. The last line simplifies. 

Thus, the revenue of the average firm is  

 
ὶǿ= ὶǶ  

 
  

 
 . 

(18) 

If the marginal cost elasticity of quality is equal to the intensity rate of quality acceptance in 

destination countries, this equation reduces to the standard prediction stating that firm 

revenues are only different in terms of productivity.  
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Firm profit for the representative firm is  

 “  = 
ǿ

ὧὪ  ,  (19) 

and for the marginal firm, the profit would be zero; that is the firm operating profit 
Ƕ

 would 

be equal to its operating fixed cost and this results in  

 ὶǶ = „  ὧὪ .  (20) 

Substituting (20) into (18) results in the revenue of the representative firm 

 
ὶǿ =  

 
  

 
 Ὢ  ὧ  „ .  

(21) 

Furthermore, substituting (8) for  
 

 into (21) and combine it with (20) results in  

 
Ὢ  ὧ  ὶǿ 

 

 
  

 
  

=  
 

 
  

 
   

= 
 
 

   
 
 

 , 

(22) 

whereas the second line follows from the definition of the average revenue by substituting the 

first line in this equation with the first line in (16). The third line follows from the consideration 

of ‗  •  that determines 
  

 =   . Equation (22) determines the 

selection to each bilateral market.  

The free entry equilibrium condition 

The conditionally expected profits for an individual firm in sector Ὥ of region ί of sales in region 

Ὠ, i.e., Ὁ“  in (19) are 

 Ὁ“  - Ὢ  ὧ  = Ὢ  ὧ  if •  •ᶻ  (23) 
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= 0 if •  •ᶻ   .  

¢ƘŜ ŦƛǊƳǎΩ ŀƎƎǊŜƎŀǘŜ ǾŀǊƛŀōƭŜǎ ƛƴŎƭǳŘƛƴƎ ǇǊƻŦƛǘǎ ŀǊŜ ƻƴ ǘƘŜ ǎǘŜŀŘȅ-state and there is an annual 

probability of death to each firm π ‏ ρ, that is, the probability of survival is 1- ‏. Then, the 

conditional expected profit of a new entrant firm on the steady-state is  

 В ρ ‏ Ὁ“  =  [Ὁ“ ] =  [ 
►░▼▀ Ὢ  ὧ  ] 

=  [ Ὢ  ὧ ] if •  •ᶻ  

= 0 if •  •ᶻ .  

(24) 

A potential entrant will realize these profits with a probability of ρ Ὃ•ᶻ . Considering this 

probability and substituting (24) in (19) results in the free entry equilibrium condition; that is, 

the expected profits of a potential entrant summed over all markets just equals the sunk costs 

of entering the markets 

 В ρ Ὃ•ᶻᶰ  [ Ὢ  ὧ ὧ ‏ = [   Ὢ . (25) 

In the steady-state equilibrium, the probability that a portion of ὓ  firms will operate in the ί 

market is 
 
 , which means that ρ Ὃ•ᶻ  

 
. Considering this in (25) results in 

 В
 

ᶰ  [ Ὢ  ὧ ὧ ‏ = [   Ὢ.   (26) 

Market clearance for composite goods  

We must ensure that the supply and demand for the composite input are equal. That is the 

amount of the composite input required for variable costs and fixed costs is equal to its total 

supply ὣ . The total demand for the composite input is the sum of the demand for variable costs, 

bilateral fixed costs, and fixed entry costs. The amount of the composite input required for 

variable costs by the average productivity firm in sector Ὥ of region ί for sale in region Ὠ is 
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. Aggregating over all firms to all destinations results in В ὔ  Ὢ  

  
 . 

In addition, we must account for the use of the composite input to cover the fixed entry costs 

that are sunk and the bilateral fixed costs to operate on different trade links. Summing over all 

markets gives us the market clearance condition 

 
ὣ Ὢὓ ‏ В ὔ  Ὢ  

  
 .    

(27) 

Unit expenditure function, welfare, and sectoral demand 

The demand for the aggregate commodity Ὥ, ὗ , is determined in the general equilibrium. We 

assume that consumers have CES preferences over composite goods Ὥɴ ) and therefore the unit 

expenditure (price index) for each region ὖ is  

 
ὖ  В ὃ   0ᶰ  , 

(28) 

whereas ὖ is the minimum expenditure required to obtain one unit of utility and it reflects the 

true cost of the living price index. „ denotes the elasticity of substitution between every two 

products in ), and ὃ  indicates the relative preference across composite goods in ). In such a 

setting, the welfare, i.e., total demand quantity, in region Ὠ, Ὗ  ὗ  is simply the value of 

nominal income GDP over the price index 

 Ὗ
 

,  (29) 

ŀƴŘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ {ƘŜǇƘŀǊŘΩǎ [ŜƳƳŀ ƻƴ ǘƘŜ ŀƎƎǊŜƎŀǘŜ ŜȄǇŜƴŘƛǘǳǊŜ ŦǳƴŎǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ 

demand for each composite good  

 ὗ Ὗ
 

 .    (30) 
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Input supply function  

We make the simplifying assumption that factors and intermediate inputs are combined into a 

single composite input with a price ὧ . The general equilibrium link is brought into the 

presentation by specifying unit-input supply as a constant elasticity function of the unit- input 

price: 

 ὣ ὣπ
 ‘

. (31) 

Income and willingness to pay for quality 

The GDP in each region ὋὈὖ is the value of products demanded in that region, 

 ὋὈὖ = В ὧ  ὗ  

 В ὔ  ὴ ή   (
 

 
), 

(32) 

and, per capita income is calculated as,  

 ὖὧὋὈὖ = 
ὋὈὖὨ
ὒὪὶ

. (33) 

Given the GDP per capita level and assuming that the population is exogenous, the willingness 

to pay for the quality of the consumers in each market is  

 ‎ = k ὖὧὋὈὖ. (34) 

We summarize the equations of this section that will be directly used in the model in Table 1. 

The system of equations is a square system with a dimension of 5 (I × R× R) + 5 (I× R) + 5R. 
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Table 1. Melitz model with product quality differentiation 

Equations 
definition 

Equations Associated 
variable 

Dimensions 

Product quality of 
the representative 
firm  
(2) 

‗  •  

‗ : Quality 

 
I × R 

Productivity of 
representative 
firm 
 (8) 

• ὦ
ὥ

ὥ ρ „
Ⱦ  

ὔ  

ὓ
Ⱦ  

• : 
Productivity 

I × R× R 

Markup condition 
(9) 

 ὴ  = 
 
 †   Ὧ‗  ρ ὸ  

 

ή : Firm 
output 

I × R× R 

Price index on 
composite 
commodity  
(13) 

ὖ  ὃ  ὔ  ‗  ὴ   ὗ : Aggregate 
quantity 

I × R 

Bilateral firm-level 
demand 
(15) 

ή ‫  = ὃ  ‗ ‫    ὗ  ὴ : Firm-level 
price 

I × R× R 

Zero Profits  
(22) 

Ὢ  ὧ = 
 
 

   
 
 

 
ὔ : Operating 
firms 

I × R× R 

Free Entry  
(26) 

ὧ ‏  Ὢ В
 

ᶰ  [
 
Ὢ  ὧ  ] ὓ : Entrant 

firms 
I × R× R 

Composite input 
market-clearing  
(27) 

ὣ Ὢὓ ‏ ὔ  Ὢ  
†  ή  ‗

•
  

ὅ : Unit price 
for composite 
inputs 

I × R 

Unit expenditure 
function  
(28) 

ὖ  ὃ   0   Ὗ : Welfare 

R 

Total demand  
(29) 

Ὗ
ὋὈὖ

ὖ  
 ὖ: Consumer 

price index 

R 

Demand by sector  
(30) ὗ Ὗ

ὃ  ὖ

ὖ
 

ὖ : Product 
price 

I × R 

Input supply 
function 
 (31) 

ὣ ὣπ
 ὅ

ὅ
 ὣ : Composite 

input 

I × R 

Budget constraint  
(32) 

ὋὈὖ = В ὅ  ὗ

 В ὔ  ὴ ή   
 

 
 

ὋὈὖ: GDP 
R 

Per capita GDP in 
each region (33) 

ὖὧὋὈὖ =  ὖὧὋὈὖ: GDP 
per capita 

R 

Appreciation for 
quality 
(34) 

‎ = k ὖὧὋὈὖ  ‎: 
Appreciation 
for quality 

R 
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Parameter estimates 

The parameters of the model in this study are calculated for firms in the food processing sector 

in two different countries, Italy and France. Each country serves as a distinct case study, and 

parameters are calculated based on different methodologies using the custom data for each 

product variety, per firm, and per export destination. Parameters of interest are the elasticity of 

quality with respect to the firms' productivity, the location and shape parameter for firm 

productivity, the elasticity of demand for product quality with respect to the consumers' income 

proxied by GDP per capita, marginal cost elasticity of product quality, substitution elasticities, 

and price demand elasticities for several groups of commodities and the aggregate food 

processing sectors.  

Parameter estimates in the Italian case study  

In the Italian case study, we differentiate between product quality and consumer taste. Quality 

is modeled as any unobservable product characteristic that makes the product commonly 

perceived as intǊƛƴǎƛŎŀƭƭȅ ōŜǘǘŜǊ όYƘŀƴŘŜƭǿŀƭΣ нлмлΤ CŀƧƎŜƭōŀǳƳ Ŝǘ ŀƭΦΣ нлммΤ /ƻǒŀǊ Ŝǘ ŀƭΦΣ нлмуύΦ 

Taste is modeled as the varying appreciation of consumers residing in different countries, 

thereby causing sales to differ across destinations for a given product quality. For the calculation 

of these parameters for individual firms and individual products shipped to different countries, 

we use a demand residual approach (Khandelwal, 2010; Khandelwal et al., 2013), taking into 

account that product quality and taste are conflated in the residuals. This approach is applied to 

the French food processing sector in general and to the food processing subsectors at the two-

digit Harmonized System (HS) level. The following illustrates the theoretical framework for 

constructing the demand function and decomposing the residuals in the demand function into 
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quality and taste, an identification strategy to take into account the endogeneity of prices in the 

demand function, and finally the estimation strategy (See also Chapter 1 in deliverable 3.2).  

Theoretical framework  

We subdivide all consumers into  Ὦ ρȟȣȟὐ countries in which they reside. Each country 

comprises ὒ π consumers, endowed with an average per capita income ώ π and identical 

tastes within each country. The total cross-border population is ὒ В ὒ.  

Any consumer has a nested-CES preference structure with three layers. The first layer consists 

of a continuum of product categories indexed by g, over which a consumer has the following 

Cobb-Douglas utility: 

 
ὰέὫὟ ᾀὰέὫὟ ὨὫȟ ᾀὨὫ ρȟ 

           (35) 

where ᾀ is a product group shifter that is common across consumers of all countries. 

Subutility Ὗ  is another CES aggregate over all bundles of products produced by i = 1, ..., Ὅ 

firms: 

 

Ὗ В ᾀὗ     , 

           (36) 

where „ > 1 is the elasticity of substitution across firms in a given product category and ᾀ  is a 

firm-specific demand shifter. This U-shifter is also common across consumers of all countries. 

The third layer of the utility function is the consumption  ὗ  which is a CES aggregate over the 

varieties that the firm i produces and sells to a consumer in country j. We define a variety as a 

unique combination of a producing firm i and an NC8 product v = 1, ..., ὠ  , where ὠ  is the set 

of all NC8 products sold by firm i in HS6 product group g. We also allow country j to demand 

only a subset of these NC8 products. The per capita demand ὗ  is then given by: 
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ὗ В ᾀ ήᶰ    , 

           (37) 

where ᾀ   is a firm-product demand shifter that is common to all consumers within country j, 

while ή  is the per capita demand in that country, and – „  is the elasticity of substitution 

between the products of a firm.  

Given the demand structure, per capita demand for a variety identified at the firm-product-

country level is given by: 

 ή ᾀώὖ ᾀ ὖ ᾀ ὴ     ȟ             (38) 

where ὴ  is the price of a variety, which differs across destination countries to account for 

the possibility that firms can price discriminate across countries. We impose symmetry in per 

capita consumptions within all countries and drop the product group subscript on all variables 

to ease the notation, which gives country-level demand for a variety as:  

 ή ‖ᾀ ὴ    ȟ            (39) 

with ‖  containing the total income of country j and both CES price indexes. The consumer price, 

ὴ , is unobserved but is approximated by fob unit values, ὴ  in the regression. – is the price 

elasticity of demand in product category g. The demand shifter ᾀ  contains intrinsic and 

extrinsic characteristics that make the variety, iv, given its price more appealing to consumers.  

Next, we assume that the demand shifter can be decomposed into a vertical and a horizontal 

component given by:  

 ᾀ Ḋᾀᾀǿ   ȟ            (40) 

with ᾀ  capturing the vertical component, associated with commonly perceived quality of a 

variety that shifts out demand when quality improves (Sutton, 1991). The horizontal dimension 
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of a variety is captured as a separate demand shifter, ᾀǿ , that is associated with the country-

specific valuation for the given quality of a variety. 

Taking logs of Eq.(39) and replacing the consumer price by the fob price, we bring the following 

estimation equation to our customs data:  

 ÌÏÇή –ÌÏÇὴ ‖ ‭ ,            (41) 

 
ύὭὸὬ 

‭ Ḋ – ρÌÏÇᾀ

‖ ḊÌÏÇᾀ ÌÏÇὣ „ ρὖ „ ρÌÏÇᾀ – „ ὖ  Ȣ
 

(42) 

The demand shifter in Eq. (41) contains both the variety-specific and the country-specific term 

(i.e., ᾀ  and ᾀǿ). The bilateral fixed effect ‖  will be decomposed by including firm-year, 

destination-year, and product-fixed effects in the panel regression. The variables that are 

observable in this system are ὰέὫ ή and ÌÏÇὴ  while –, ‖  and ‭  must be estimated. 

One can see that the estimation developed in this paper identifies taste as a demand shifter 

from the country-specific part of the residual error term, ‭ , whereas quality is identified as 

the variety-specific part. 

Identification 

The presence of quality and taste differences in the demand shifter of the model described 

above will inevitably give rise to an endogeneity problem, due to the potential correlation of the 

parameters of our interest with the price in the demand specification. In our specification, we 

assume that high-quality varieties are costly to produce and that firms try to compensate by 

capturing higher cost of production in the price. Similarly, higher consumer taste anticipated by 

the firm increases its ability to exert market power, resulting in a higher price. For both cases, 

using ordinary least squares (OLS) estimates, model parameters are subject to simultaneity bias 

resulting in a downward bias in the estimate for the demand elasticity. 



 

22 
 

For the present analysis, we utilize an approach like the one by Hausman (1996) to mitigate 

endogeneity concerns by using the prices in neighboring countries as instruments. This 

instrument represents a source of variation in export prices within firms that is more likely to be 

orthogonal to demand shocks which allows us to identify the price elasticity of demand. We 

instrument for the export price ÌÏÇὴ  with the log of the average contemporaneous price of 

similar products sold by the same firm to different destinations:  

 

ÌÏÇὴӶ ÌÏÇ

ở

ờ
ρ

ὠȟ
ὴ

ȟɴ
ȟɴ Ợ

Ỡ ȟ 

           (43) 

where ὠ  denotes the total number of products sold by firm i, with ὐ being the set of 

destinations for a variety, excluding destination j. This "similar, but other products - other 

country" instrument relies on similar relevance and exogeneity arguments as in Hausman (1996) 

and Nevo (2000). 

For relevance, we rely on cross-product inter-temporal and across-country variation in the prices 

charged by firms, driven by similar inputs used in the production of different types of cheese (or 

ham). For exogeneity, cross-product variation in firm-level pricing can neither be correlated with 

changes in relative product tastes in country j, nor with the global valuation of quality. Therefore, 

the Hausman-style instrument constitutes a valid approach to estimating the price elasticity of 

demand.  

Econometric implementation 

We conduct our estimation for our panel data set in a manner that is consistent with the 

previous discussion. First, we regress the export price of a variety on the Hausman-instrument 

and firm-destination-year and a set of fixed effects as in the following formal expression:  



 

23 
 

 ÌÏÇὴ ‍ÌÏÇὴӶ ‏ ‏ ‏ ‏ ȟ            (44) 

where ‏ȟ‏ȟ‏are firm-year, destination-year, and the product fixed effects, respectively. 

Using the predicted values of export prices from the first step we identify the structural demand 

function in Eq. (41) in the second step:  

 ÌÏÇή –ÌÏÇὴ ‖ ‖ ‖ ‭ ,            (45) 

in which ‖  collects destination-specific effects common to all food exporters in year t. The 

product fixed effect ‖ is included because quantities are not necessarily comparable across 

product categories. Furthermore, the firm-year fixed effect ‖  is included because exporters 

most likely differ in terms of firm size, productivity, and average wage.  

The estimation of Eq. (44) is consistent if the error term ‭  is orthogonal to our Hausman-type 

instrument. The structural form of the demand estimation should be supportive of the 

identification of taste and quality that we believe to exist in the data. We therefore use our 

estimated demand elasticities and the predicted values of the residual from the following 2SLS 

regression to recover the demand shifter in Eq. (41). We report in the Appendix detailed results 

for demand estimation by product category using both OLS and 2SLS regression to estimate Eq. 

(44). 

To obtain the demand shifter which contains intrinsic and extrinsic characteristics that make a 

variety more appealing to consumers, we follow the standard residual approach used in the 

empirical international trade literature of Khandelwal et al. (2013) to infer product quality 

directly from observed trade data. The intuition is that differences in consumer appeal across 

countries for the exported product by a firm in a given year are revealed from variations in sales 

that cannot be explained by price movements. With the demand parameter estimates in hand, 
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an estimator of the demand shifter containing both quality and taste is obtained from the 

combination of the prediction of the error term and the elasticity of substitution as:  

 
ÌÏÇᾀǶ ḳ

‭Ƕ

–Ƕ ρ
Ȣ 

           (46) 

In the next step, we separate the demand shifter associated with the characteristics of the 

ǾŀǊƛŜǘȅ ŦǊƻƳ ǘƘŜ ŎƻƴǎǳƳŜǊǎΩ ǉǳŀƭƛǘȅ Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǾŀǊƛŜǘȅΦ !ǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘŜ ŎƻƳƳƻƴ 

valuation for a variety is also time-invariant, product quality is obtained by taking the mean of 

the residual above as:  

 
–Ƕ ρÌÏÇᾀǶ

ρ

ὐὝ
‭Ƕ ȟ 

           (47) 

with T being the number of years, any firm prevails in the export business and with J being the 

number of export destinations served by any firm. 

And one may see from the definition (40) in logs:  

 ÌÏÇᾀ ḳÌÏÇᾀ ÌÏÇᾀǿ  ȟ            (48) 

that consumer heterogeneity enters through a country-specific demand shock ᾀǿ  that we 

associate with taste. Rearranging Eq. (47), we obtain the measure for taste defined as the 

country-specific deviation from the global average valuation, ᾀ  , of a variety:  

 ÌÏÇᾀǿ ḳÌÏÇᾀǶ ÌÏÇᾀǶ Ȣ            (49) 

Thus, we identify consumer taste from the country-specific variation of the demand shifter for 

exports at the firm-product-destination-year level. This measure is also consistent with the 

notion that differences in taste manifest when considering consumers from different 

geographical areas. In the next section, we implement this estimation strategy using Italian 

customs data, followed by a verification of the taste measure. 
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Productivity estimates in the Italian case study are obtained from the estimation of the 

production function using firm-level data. The control function is utilized in the estimation 

process to measure productivity. Detailed information on this approach can be found in De 

Loecker (2012) and Jafari et al. (2023). 

Estimated parameters based on the Italian food processing sector  

Table 2 to Table 3 provide estimates for the minimum productivity and shape parameter for the 

distribution productivity across firms in the Italian food processing sector in aggregate and for 

different subsectors. Table 3 reports the mean and median of the estimated taste variable in 

this sector. 

Table 2. Minimum value of total factor productivity (Italian food processing sector) 

HS2 Minimum value 

4 2,010055 

15 2,085752 

16 1,933131 

17 3,009731 

18 1,931425 

19 2,22675 

20 1,904011 

21 1,916833 

22 1,900246 

Aggregate 1,900246 
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Table 3. Shape parameter for productivity distribution (Italian food processing 
sector) 

HS2 Shape parameter 

4 3,91167 

15 2,636155 

16 3,656437 

18 2,527082 

19 3,690118 

20 4,179889 

21 2,756942 

22 1,406883 

Aggregate 2,83681 
 

Table 4. Mean and median estimates of taste variable (Italian food processing sector) 

 HS2 Median  Mean 

4 0,0834847  1,07E-10 

15 0,0090835  -1,96E-10 

16 0,0417756  2,29E-11 

17 0,0542536  -3,40E-11 

18 0,0463223  3,22E-10 

19 0,0203974  1,01E-10 

20 0,0336543  1,27E-10 

21 0,0470925  -1,84E-10 

22 -0,0000701  4,16E-12 

Aggregate 0,0262216  4,03E-11 
 

 
Table 5 provides OLS regression estimates of the elasticity of taste for processed food products 

from Italy with respect to GDP.  Additionally, Table 6 provides the OLS estimates of the elasticity 

of quality production with respect to changes in productivity.



Table 5. Elasticity of taste with respect to the GDP (Italian case study) 

HS2 sectors 4 15 16 17 18 19 20 21 22 Aggregate  

           
Log GDP per 
capita 0.152 -0.0396 0.0826 -0.153 0.616*** -0.649*** 0.0946 -0.125* 0.0945 0.080 

 (0.145) (0.123) (0.105) (3.044) (0.111) (0.151) (0.199) (0.0676) (0.0627) (0.029) 

           

           
Observations 89465 57766 187458 257 63806 57373 29674 205214 317536 1021443 

Standard errors in parentheses.  
* p<.1, ** p<.05, *** p<.01 
 
Table 6. Elasticity of quality with respect to the total factor productivity (TFP) 

HS2 sectors 4 15 16 17 18 19 20 21 22 Aggregate 

           
log_tfp 0.278** 0.430*** 0.429*** 0 0.0431 -0.258 0.126 0.0760 0.129*** 0.104*** 

 (0.118) (0.144) (0.0843) (.) (0.0893) (0.248) (0.136) (0.0648) (0.0452) (0.023) 

           

           
Observation 58778 32010 49253 22 35751 9500 14632 81975 220471 719403 

R-square 0.089 0.097 0.182 0.162 0.095 0.194 0.160 0.117 0.091 0.043 
Standard errors in parentheses.  
* p<.1, ** p<.05, *** p<.01         

         



Finally, since the applied methodology in the Italian case study does not yield the elasticity of 

substitution across sectors, these estimates are instead drawn from existing literature. 

 
Table 7. Elasticity of Substitution across products  

HS2 Trade elasticity 

4 6,534834 

15 8,973789 

16 7,603121 

17 5,33245 

18 11,97927 

19 6,941367 

20 6,104026 

21 6,025875 

22 3,309532 

Aggregate 6,89892 

Source: Fontagne et al. (2018) 

Parameter estimates in the French case study 

Our approach to obtain parameter estimates for the French case study rests on the estimation 

of an import demand function at the firm-product-destination level. The principal difficulty 

involved is how to measure consumer taste and product quality, two attributes that usually are 

unobservable together. Instead of the demand residual approach, we use a control function 

approach, as proposed by Aw et al. (2020). The idea is to capture the determinants of taste and 

quality using proxy variables. These proxy variables are then combined and introduced in the 

import demand equation that is estimated by 2SLS to control for price endogeneity. The control 

function estimates are used to construct an index of taste and quality that, in the final step, 

allows us to assess their respective contribution to the variation in export revenues. See chapter 

2 in the deliverable D3-2 (Curzi and Jafari, 2024) for the details of the method. Our empirical 

strategy, which is similar to that used by Aw et al. (2019, 2020), estimates a general demand 

function and employs a control function approach to infer the taste and quality components of 
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the demand. The advantage of this approach is that it does not involve assumptions about the 

structure of the demand. Below, we describe the key points of this method. 

A general model of demand 

We assume that the demand function for product Ὥ exported by firm Ὦ to destination Ὠ at time 

ὸ takes the general form:  

 ή ὗ ὴ ȟ‗ὢ ȟ‏ὣ ȟ‎ ȟ‐  Ȣ            (50) 

where ή  corresponds to the imported quantities, ὴ  is the (f.o.b.) price (i.e, free of 

transportation and insurance costs), and ‗ὢᴂ and ‏ὣᴂ are the control functions for the taste 

and quality components of the demand. The demand function also accounts for demand 

differences at the market level by introducing product(HS6)-destination-year fixed effects ‎ . 

These fixed-effects control for time-variant unobserved shocks such as market size, market 

competition, transportation, and distribution costs which affect firms in a given market equally. 

Since in our data, all the trade flows originate from France, these fixed-effects also capture 

bilateral unobserved cost shocks such as transportation and distribution costs. Finally, ‐  

corresponds to the residual term which includes firm-level deviations of the market level of cost 

and demand shifters. Thus, the variation in exported quantities across firms in a given market (a 

product-destination pair) is explained by differences in price, quality, and product appeal (taste). 

We bring the model to the data by adopting a standard log-log specification of the demand 

function:  

 ÌÎή ‎ „ ÌÎὴ ÌÎ‗ ÌÎ‏ ‐ ,            (51) 

where ‗  and ‏  correspond to the empirical counterparts of the control functions for taste 

and quality, respectively. In practice, we construct these indices by estimating the parameters 

of a polynomial function of order 2 of the taste ὢᴂ and quality ὣᴂ proxies. The price elasticity of 
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demand „  varies across products and destinations to account for differences in price 

sensitiveness across more or less differentiated products and populations with different levels 

of wealth and substitution possibilities. 

This log-log specification is fairly general and can be derived from a large class of demand models 

expressing love for variety as pointed out by Aw et al. (2020). For instance, trade models with 

representative consumers, CES preferences, monopolistic competition, and market-specific 

effects lead to similar log demand equations. This applies also to models that include quadratic 

utility and pro-competitive market effects (Di Comite et al., 2014). The proxied used for the taste 

are genetic distance,  common language (ὅὒ), common religion (ὅὙ), and common nationality 

(ὅὔ). Considering these proxies, specifically, we weight each indicator by the share of 

destination Ὠ in the total of sales of variety ὮὭ at year ὸ. 

The proxies for the vertical quality differentiation are as follows. we draw on the results in the 

trade literature and identify some well-established exogenous determinants of product quality 

to serve as proxies in the control function. First, a substantial stream of work shows that high-

income countries account for more sales of high-quality relative to low-quality products (see, 

Schott, 2004; Verhoogen, 2008; Brambilla et al., 2012). Because consumers value quality in high-

income countries more, it is more profitable for firms to sell their high-end products to richer 

populations. We then calculate the export-share weighted average of GDP per capita across the 

destinations to which a variety is exported (ὡὋὈὖ ). This proxy varies at the firm-product 

level. Second, producing high-quality products necessarily requires higher-quality inputs (see, 

for instance, Kugler and Verhoogen, 2012; Manova and Zhang, 2012). These inputs can be 

sourced from the domestic market or purchased overseas. Because we have access only to trade 

flow data, we explain the quality of exported varieties using the quality of imported inputs. 
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Similar to eȄǇƻǊǘ ǇǊƻŘǳŎǘǎΣ ǿŜ ƛƴŦŜǊ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƛƴǇǳǘǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǎƻǳǊŎƛƴƎ ŎƻǳƴǘǊȅΩǎ ǿŜŀƭǘƘΣ 

and then calculate the import-share weighted average GDP per capita across sourcing countries 

for a given firm (ὡὋὈὖ ). For non-importing firms this proxy variable takes a null value. We 

acknowledge that this proxy is potentially less powerful than its counterpart calculating from 

the export destinations since (i) we observe only the imported inputs ǘƻ ǘƘŜ ŦƛǊƳΩǎ ǇǊƻŘǳŎǘƛƻƴ 

process while the firm might obtain high-quality inputs from domestic sources and import 

cheaper inputs that are deemed non-strategic, for instance (Jäkel and Sørensen, 2020)-, (ii) we 

cannot allocate the imported inputs across the products exported by the firm. This latter point 

implies that the proxy varies only at the firm level.1 Note that since both proxies (ὡὋὈὖ  and 

ὡὋὈὖ ) are defined at a more aggregated level than the error term, they are less subject to 

endogeneity. Third, several studies have documented that a large number of high-quality firms 

are also more efficient (Kugler and Verhoogen, 2012; Baldwin and Harrigan, 2011) which results 

in their exporting to more destinations (Crozet et al., 2012; Kugler and Verhoogen, 2012; 

Manova and Zhang, 2012) and accounting for a larger share of sales in these markets. Therefore, 

we assume that both effects combine and that high-quality products enjoy a lower sales 

concentration across destinations. We then compute the Herfindahl Hirschman Index (ὌὌὍ ) 

which provides information on the concentration of sales (in quantities) across destinations at 

the firm-product level. Fourth, in line with the demand residual approach of Khandelwal (2010), 

we assume that high-quality firms have higher market shares, conditional on prices. We then 

compute the market share of variety ὮὭ over the total sales computed for all the French firms in 

                                                           
1 Another solution would be to compute the weighted average of import prices as in Aw et al. (2019). 
However, Jäkel and Sørensen (2020) show that unit value is not necessarily a good indicator of import 
quality for developed countries. We prefer to conduct a robustness test using this proxy. Our results are 
insensitive to the inclusion of one or other proxies in the control function. 
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the sample that export to destination Ὠ (ὓὑὝ ). We use this (global) market share to proxy 

for quality. Finally, in line with the conclusions from a quality version of the Melitz (2003) model, 

we suppose that a high-quality product achieves a higher market share in richer relative to 

poorer destinations. In other words, a high-quality firm captures a large share of the expenditure 

in richer destinations. Similar to Aw et al. (2019, 2020), we compute the market share of variety 

ὮὭ over the total sales of product Ὥ exported by French firms to destination Ὠ (ὓὑὝ ) and 

interact market share with GDP per capita in destination Ὠ. 

Overall, the control function for quality corresponds to:  

  ÌÎ‏ὣ

ÌÎ‏ὡὋὈὖ ȟὡὋὈὖ ȟὌὌὍȟὓὑὝ ȟὓὑὝ

ὋὈὖ Ȣ  

           (52) 

Taken together, the proxies for quality vary along all the data dimensions: firm, product, 

destination, and year. Following our approach to taste, we now can compute a quality index that 

can be aggregated at any level and compared across units.  

Demand estimation and identification 

The estimation of a demand model tends to involve endogeneity issues that arise from the 

correlation between the price variable and some unobserved determinants of the demand 

contained in the error term. This problem is reduced in part by a control function that teases 

out the taste and quality components of the demand from the demand residual. However, it 

ŀǎǎǳƳŜǎ ƎƻƻŘ ǇǊƻȄƛŜǎ ŎŀǇǘǳǊƛƴƎ ŎƻƴǎǳƳŜǊǎΩ ǘŀǎǘŜǎ ŀƴŘ ǇŜǊŎŜƛǾŜŘ ǉǳŀƭƛǘȅ ƻŦ ƛƳǇƻǊǘŜŘ ǇǊƻŘǳŎǘǎΦ 

In what follows, we present and discuss the proxy variables used and then describe the 

instrumental variable (IV) strategy employed to deal with the endogeneity of the price variable. 
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We follow the insights in the IO literature and use Hausman-type instruments.2 Hausman (1996) 

proposed to use the price of a variety sold in different destinations as an instrument. 

The 2SLS estimates are used to compute three indices of demand: a taste index (ÌÎ‗ ), a 

quality index (ÌÎ‏ ). All these estimated indices vary at the firm-product-destination-year 

level. 

The estimated taste index is computed as:  

 ÌÎ‗ В‍ὢ В В ‍ ὢ ὢ ,            (53) 

where ὰ and ά denote the proxy variables included in the control function for taste. 

The estimated quality index is computed as:  

 ÌÎ‏ В ‍ὢ В В ‍ ὢ ὢ ,            (54) 

where ὺ and ὲ denote the proxy variables included in the control function for quality. This 

quality index captures the quality perceived by foreign consumers which may differ from the 

quality of the production process which Hallak and Sivadasan (нлмоύ Ŏŀƭƭ άǇǊƻŘǳŎǘ ǇǊƻŘǳŎǘƛǾƛǘȅέΦ 

This product productivity includes the inherent quality of the inputs (skilled labor, high-quality 

materials) as well as the ability of the firm to transform (fixed) outlays into quality upgrades. 

!ǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘƛǎ ǇǊƻŘǳŎǘ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛǎ Ŏƻƴǎǘŀƴǘ ŀŎǊƻǎǎ ǘƘŜ ŦƛǊƳΩǎ ǾŀǊƛŜǘƛŜǎ - hereafter 

described as supply-side quality as opposed to demand-side quality -, we can obtain a rough 

                                                           
2 The choice of a price instrument is particularly problematic when using trade data because the large 
number of products considered makes it difficult to collect detailed cost data to use as instruments. 
Hausman-type instruments are frequently used because they are less data-demanding (see, for e.g., Jäkel, 
2019). However, note that some recent papers propose some original IV strategies to instrument price. 
One of the most convincing solutions is Piveteau and Smagghue (2019) proposal to instrument price using 
exogenous shocks on imported input costs entailed by exchange rate variations. However this requires 
that firms mainly import their inputs from countries outside the euro zone, which is not the case for 
French food firms where more than 75% of their sourcing countries are within the EU. Fontagné et al. 
(2022) suggest using variations in electricity prices across French firms to instrument price. Although 
attractive since it uses a unique cost shifter, this strategy is also subject to data availability. 
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estimate of this supply-side quality by regressing demand-side quality (ÌÎ‗ ) against a set of 

firm-year fixed effects – . These fixed-effects provide a measure of the supply-side quality at 

the firm-year level. 

The estimated price elasticities are directly obtained for the demand side function and the 

marginal cost estimates of the firms are recovered.  The estimated price elasticity „  varies 

across (HS4)products and destinations. Assuming monopolistic competition, we can back out 

the estimated marginal cost from the pricing equation such as:  

 ÌÎάὧ ÌÎὴ ÌÎρ ,            (55) 

This marginal cost includes all the variable costs associated with the production of an additional 

unit (e.g., wages, materials costs, energy) and in particular, the costs borne by the firm to 

differentiate its product horizontally and vertically. However, the marginal cost does not include 

transportation and distribution costs since the price is f.o.b. and the estimation procedure controls 

for transportation and distribution costs at the market (‎ ) and firm-market levels (‐ ). 

Finally, having obtained these marginal cost estimates, we can infer a measure of firm 

productivity ‫ . Assuming that the marginal cost is given by the standard form άὧ– –  

(see, for e.g., Hallak and Sivadasan, 2013; Brambilla and Porto, 2016), where ‖ is a constant (e.g., 

labor cost) and π ‌ ρ is the quality-elasticity of marginal cost then transforming in log gives:  

 
ÌÎ
‫

‖
‌ÌÎ– ÌÎάὧ Ȣ 

           (56) 

We obtain estimates of productivity at the firm-year level by choosing a value for the cost 

elasticity of quality ‌ and regressing the left-hand term of the above equation on a set of firm-

year fixed effects. 






























