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Executivesummary

Differences in product quality among firms andwag levels of quality appreciation across
countries play a crucial role in shaping trade relationshiagality production has costs, but it
also shifts the demand curve and can influence observed trade relationships in either a positive
or negative wayTraditional simulation modeldo not considetheseaspectsand therefore the
simulation resultfrom these modelsnay ke biased Accurate simulation models are essential
for policymakers to design effective policies and for firms to develop strataligeed withtheir
profitability. Therefore, enhancing the accessibility of such models to simulation practitioners is
of significant valueThis deliverable entailhe documentation of a summary difie developed
modeling framework, its parametrizatiomnd calibration, extending the international trade
simulation framework to include firms that produce distinct product qualities. Additiorthily,
deliverableprovides a numerical illustration of the model by applying an arbitt@8¢ bilateral

tariff shodk between two tradng 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 thepant of a given shock
when comparinghe two modeling frameworks: the traditional Melitz mod#at does not
incorporate product quality differentiation, artie extended modethat does. Specifically, our
analysis shows that the impacts are relatively dowwhen product quality differentiation is
consideredThese findings have important implications. Traditional trade models that overlook
product quality differentiation mayverestimatethe effects of policy interventions, such as
tariffs. In contrast, mdels 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 antiveffec

policy and strategy development.
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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 perceptionof consumers in those markets toward product quality rersaianstant. This
contradicts recent literature that highlights the importance of supgilje quality
differentiationt where product quality varies across firmand demaneside quality

differentiationt where consumer willingness to pay for product quality varies across markets.

Jafari etal. (2023) extend the formulation of international trade in CGE models, building on
Melitz (2003), by allowing firms to produce distinct product qualities and seeséeats 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 ishtheoretical framework into a computable
general equilibriunform accessible to CGE modelérBedevelopedCGE framework enhances

the accessibility o€GE modelert® firm trade models with product quality differentiation.

This deliverable involvesa summary of thedeveloped framework,the coding, the
parameterization, anthe 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 illustation by applyig an arbitrary 0% bilateral tariff shocketween two trading
partners across countries in the food processing sectoran arbitrary construction of
benchmark flows The simulated results from this quality differentiation framework are

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

model.
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Our resultsshow notable differences in the impact of a given shock when comparing two
modeling frameworks: the traditional Melitz model, which lacks product quality difiteagon,
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 firssent the constructed
model with product quality differentiation from JafaEngemanpand Heckelgj2023). We then
discuss the methodologies used and applied to two food processing sectors in Italy and France
for the parameterization of the studCuzi and Jafar2024). Next, we present the codes and
explain how the model is calibrated. Following this, we present the results of the arbitrary
implementation ofthe imposition of bilateral import tari betweentwo trading partnes and
compare the reuts in two different moeling configurationsthe Melitz model without prodict

quality differentiation andthe Melitz model with prodict quality differentiation The final

section concludes.

Modeling framework

The modeling frameworpresented 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 inéocomputable setting accessible to CGE
modelers. The study by Jafari et al. (2023) integrates both supptl demaneside aspects of
product quality into a unified general equilibrium framework at the firm level. In this framework,

product quality is detamined by firmd @roductivity, andfirmsCdecisions to operate on each

@)fE!
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trade link depenéhgon consumer willingness to pay for product quality, which is influenced by
per capita income in each destination. The study then translates this unified framentor i
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 parametddmaand 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.
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aggregation ofhe productivities of all firms operating on a given bilateral trade link

— 1)

where'Qe is the probability distribution function (pdf) of the firm productivities &k
refers to the cumulative distribution function@DJy. Given that only those firms having a
productivity above a certain level « will operate in a marketp "Os® s the

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

active on the marke€), is————.

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

productivity of the representative firm, the prodict quality of the representative firm  is

Q4
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=0i @ *qi'0 (2)

wheremt [ <1 reflecsthe elasticity of product quality with respect to the firm productivity.

Relying here on a Pareto productivity distribution, which has ltiaal tractability, andon
SYLANROIt S@HARSYOS adzllll2NI & GKIFG GKS RAAGNROG dzi .
(Cabral and Mata 2003The Pareto pdf is

Qe — — 3)
and thus, its cdf is

"Oe P — (4)
where® Ttis the minimum productivity andb  Ttis a shape parameter. Lowealues of the

shape parameter imply higher productivity dispersion among firms. Takirg * in the CDF

the conditional pdf is

— : 5)

=0if o o’
Given the conditional Pareto pdfne may derive the ratio of the productivity of the
representative firm to the marginal firm, i.e., zepoofit productivity cutoff. Substitutingd) into
(3) results in the productivity of the representative firm

S — (6)

whereasthe assumption o p is imposedfor the convergence of the fagral to

ensure the finite average productivity level in the indugsge Melitz 2003)

Moreover, taking =« ° in the cdf the probability that firm mductivity is greater tham *

,isp "Oe —— =——, which after solving for© results in

@)fE!
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Substituting (19) in (1&nd writing the function in terms o#  results in the representative
firma @oductivity

. I T - T (8)

WSLINBaSydlrGAdS FANNVQEA 2LIAYIE LINAROS
We substitute the parcular productivity leveb for ¢ inthe optimal pricing equation (8), thus

the optimal price of the representative firm is
ho=——1 —Q p o ©)

oo — .

whereas the second line defines —F p O .Here,weusq <+ kn and

Kk

Aggregae price and bilateral firm demand
Dividing both sides of Equatio®)(by_ T results in the adjusted consumer price

U] (10)

Considering the conditional pdf, we write the average Eitieglitz price index as

0 (11)

B.d _ . 0 —R ,

where( is the mass of firms in sectd&®f regioni that sell in regiorQ2 We note that for
each product variety is identical #o because each firm with unique productivity produces a
unigue variety. Therefore, the notations are replaced by in (11).

Substituting 10) into (1), the integral phrase reads as

@)fE!
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L0 —PR (12)
=0 _ . Y — —R

=6 ¥ 0Q. —— —R

=6 ¥ 0O7Q .

Lines two and three follow from the substitution and simplification, respectively. Line 4 comes
from combining the definition of the productivity of the representative firth, @nd the product
quality of the representatie firm @). Line 5 comes from coriting line 3 and the adjusted prices

in equation 8). Substituting the last term irlQ) results in the unit expenditure function, where
products are differentiated vertically by , and horizontally byy , and’ is the willingness

to pay for_

. N — (13)
] B o 0 n .

The number of varieties in this equatidn 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 p leads to the
similar. Moreover, § KA IKSNJ GKS O2yadzYSNEQ LISNOSLIiAZ2Y 27F
unit of expenditure.
Considering thattte demand for each variety, 1 ,is
R 1 =6 . 1 — o . (14)

and, if we choose  « , the demand for the representative variety is

@)fE!
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o1 =6 _ — 0. (19
Zero profit condition and selection to market condition

Considering the demand for average variet$)( the expected revenue of the average firm is

obtained by multiplyingi 1 byrn 1 and correcting it for tariff

g — (16)

The ratio of the revenue of any two firms in seci@f regioni on their sales in regio@may

be expressed as a function of the ratio of producyigind qualities

ig 0 _ n 1

iU o _7 nHU 1

0 17)

Ca| C
CR

whereas line 2 follows from the substitution of optimal prici®y &nd the productivity of the

representative firmr  and themarginal firme  (8) into the first line. The last line simplifies.

Thus the revenue of the average firm is
18
ig =il — —_— : (18)
If the marginal cost elasticity of quality is equal to the irgiéy 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.

@)fE!
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Firm profit for the representative firm is
113 =é_ (1') "Q (19)
and for the marginal firm, the profit would be zero; that is the firm operating p|=5¥itwould

be equal to its operating fixed cost and this results in

iH=, ©Q. (20)

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

. 21

g = — — N w, . (1)
Furthermore, substitutingg) for — into (21) and combine it withZ0) results in

. 22

Q w 19 (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 irl@). 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 onditionally expected profits for an individufddm in sector®f regioni of sales in region

Qie., 0" in (19) are
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=0 ife o’
¢CKS FTANXYAQ | 3INBIAILGS O NR | o-stefelandkngrE s dorannyial  LINE F A
probability of death to each firnt p, that is, the probability ofurvival is 4] . Then, the

conditional expected profit of a new entrant firm on the steeaxtgte is

B p 1 0O =-[0° ]==[2"""0&] (29

=0 ife o’
A potential entrant will realize these profits with a probabilitypof "Os “ . Considering this
probability ard substituting 24) in (L9) results in thefree entry equilibriumcondition; that is,
the expected profits of a potential entrant summed over all markets just equals thecasatg
of entering the markets

B.p 0 [—— 0 &]19 Q. (25)
In the steadystate equilibriumthe probability that a portion ob  firms will operate in the

market is— , which means thap "Os * ——. Considering this ir2b) results in
By —[—— " &l & Q. (26)
Market clearance for cormposite goods

We must ensure thathe 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® . The total demand for the composite inpis 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 sec€af regioni for sale in regiorQis

@)fE!
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. Aggregating over all firnts all destinationgesults inB 0 Q

In addition, we must account for the use of the composite ingutover 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

® 1 7Q0 BO @)

Unit expenditure function, welfare, and sectoral demand

The demand for the aggregate commodi® |, is determined in the general equilibrium. We
assume that consumers have CES preferengesapmposite good$€) ) and therefore the unit
expenditure (price index) for each regidnis

0 B.0 O o, (28)

whereasd is the minimum expenditure required to obtain one unit of ityiland it reflects the
true cost of the living price index. denotes the elasticity of substitution between every two
products in), and0 indicates the relative preference across composite goods lim sucha
setting, the welfare, i.e.total demand quantity, in regioi® Y 0 is simply the value of
nominal income GDP over the price index

vYoo— (29

YR GKS FLILX AOFGAZ2Y 2F {KSLXKIFINRQa [SYYlI 2y {(KS

demandfor each composite good

0 Y — . (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 pricé . The general equilibrium link is brought into the

presentation by specifying uribput supply as a constant elasticity function of the ummput

price:
& o — (31)
Income and willingness to pay for @lity
TheGDPin each regioriOO Dis the value oproducts demandechi that region,
"000=B ® 0 (32)
BO n 1 ()
and, per capita incane is calculated as
0 & 00H8 (33)

Orgi
Given the GDBPBer capitalevel and assuming that the population is exogenous, the willingness
to pay for the quality of the consumers in each market is

I =k0 ®"0Q0 (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 dimensionl af®x(R) 5 (Ix R +5R.
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Table 1 Melitz model with product quality differentigion

Equations Equations Associated Dimensions
definition variable
Product quality of .
;Ir:; representative _ - Quality I xR
@) .
Productivity of . o w T I x Rx R
representative ®» p e
firm Productivity
@)
Markup condition n =—1t — n : Firm [IxRxR
9) output
Price index on _ I xR
composite o s 0 : Aggregate
commodity quantity
13
Bilateral firmlevel n o1 =6 _ _ R : Firmievel | x Rx R
demand price
15
Zero Profits 0 o= — 0 : Operating |xRxR
(22 firms
Free Entry 1TdQ B, —J ] 0 : Entrant IxRxR
(26) firms
Composite input ) . ) n 0 : Unit price IxR
marketclearing @ 1Q0 Q " for composite
(27) inputs
Unit expenditure S R
function o 0 Y : Welfare
(28)
Total demand v 000 0 : Consumer R
(29 0 price index
Demand by sector . 5 0 O :  Product xR
0 = .
(30) 0 price
Input.supply o "i @ : Composite xR
function 5 input
31
Budget constraint "00 0 B8 0 . R
(32) B O 1 1 ‘00 u GDP
Per capita GDP in  { & "00%—— O boobepp R
each regior(33) per capita
Appreciation for [ =k0 @000 [ R
quality Appreciation
(34) for quality
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Parameter estimates

Theparameters of the modeh this studyare calculated for firms in the food processing sector
in two different countries, Italy and FramcEach country serves as a distinct case study, and
parameters are calculatedased ondifferent methodologiesusing the custom data for each
product variety, per firmand per export destinatiorParameters of interest atbe elasticity of
quality with respect tothe firms' productivity, the location and shape parameter for firm
productivity, the elasticity of demahfor product quality with respect tthe consumersincome
proxied by GDP per capjtaarginal cost elasticity of product qualityibstitution elasticities,
and price demand elasticitiefor several groups of commodities and the aggregate food

processingectors.

Parameter estimatesn the Italian case study

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

is modeled as any unobservable product characteristic that makes the product commonly
perceivedas iiA Yy A A Ol f & o0SUGSNI OYKIFIYRStglt>S wnmnT Cl 2
Taste is modeled as the varying appreciation of consumers residing in different countries,

thereby causing sales to differ across destinations for a given prodadity. 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 condld in the residuals. This approach is applied to

the French food processing sector in general and tofdloel processingubsectors at the two

digit Harmonized System (HS) levehe following illustrates theheoretical frameworkfor

constructing the derand function anddecomposing the residuals in the demand function into

Qe
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quality and taste, an identification strategy to take into accountéhdogeneityof prices in the

demand function, and finally the estimation strategy (See @lsapter 1 irdeliveralde 3.2).

Theogetical framevork

We subdivide all consumers intdQ ph8 Ry countries in which they reside. Each country
comprises)  Ttconsumers, endowed with an average per capita income mand identical
tastes within each country. The total creissrder populationi®y B 0.

Any consumer &s a nestedCES 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

CobbDouglas utility:

GEYQ G aEYOQBR 4 00 ph (35)
whered is a product group shifter that is common across consumers of all countries.
Subutility™y is another CES aggregate over all bundles of products produdedhy...,O

firms:

— (36)

where, >1 is the elasticity of substitution across firms in a given product categorg aigla
firm-specific demand shifter. Thisshifter is alsccommon across consumers of all countries.
The third layer of the utility function is the consumption  which is a CES aggregate over the
varieties that the firmi produces and sells to a consumer in counjttyWe define a variety as a
unique canbination of a producing firmand ax NC8 producv =1, ... , wherew is the set

of all NC8 products sold by firimin HS6 product groug. We also allow countryto demand

only a subset of these NC8 products. The per capita demands then given by:

Qe
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— 37)

whered is a firmproduct demand shifter that is common to all consumers within couptr
whilery s 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 thegdioduct
country level is given by:

(39)

¢

oo oa0d @ 0 4 N

wheren is the price of a variety, which diffeegross 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 notationwhich gives countdevel demand for a variety as:

A & 1 h (39
with I containing the total income of countiyand both CES price indexes. The consumer price,
N ,is unobserved but is approximated by fob unit values, in the regression- is the price
elasticity of demand in product category The demand shifteat  contains intrinsic and
extrinsic characteristics that make the varigty,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:

¢ D& @ h (40)

with & capturing the vertical component, associated with commonly perceivadlitguof a

variety that shifts out demand when quality improves (Sutton, 1991). The horizontal dimension

Qe
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of a variety is captured as a separate demand shiftér,, that is associated with the country
specific valuation for the given quality afvariety.
Taking logs of EQ9) and replacing the consumer price by the fob price, we bring the following
estimation equation to our customs data:

i iRC —iinc 0 7 41)

. i D - pllaC 42)

n R, - -
I DI laC1 &G pu " plleC - , 0 8

The demand shifter in E41) contains both the varietgpecific and the countrgpecific term

(i.e., @ and &g ). The bilateral fixed effedt will be decomposed by including firgear,

destinationyear, and productfixed effects in the panel regression. The variables that are

observable in this system ate£jQ andl I/AC while— ,II andi  must be estimated.

One can see that the estimation developed in this paper identifies taste as a demand shifter
from the countryspecific part of the residual error terin, , whereas quality is identified as

the varietyspecific 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 correlatitne
parameters of our interest with the price in the demand specification. In our specification, we
assume that higlguality varieties are costly to produce and that firms try to compensate by
capturing higher cost of production in the price. Similahigher 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 downwat bias in the estimate for the demand elasticity.

Qe
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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 sece 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 pricé T/C  with the log of the average conterapaneous price of

similar products sold by the same firm to different destinations:

43
| ine LA %}L ;

h

'y
o

D3¢

& \
where w  denotes the total number of pructs sold by firm, with 0 being the set of
destinations for a variety, excluding destinatipnThis "similar, but other productsother
country" instrument relies on similar relevance and exogeneity arguments as in Hausman (1996)
and Nevo (2000).

For relevance, we rely on crepsoduct intertemporal and acrossountry variation in the prices
charged by firms, driven by similar inputs used in the production of different types of cheese (or
ham). For exogeneity, cropsoduct variation in firrdevd pricing can neither be correlated with
changes in relative product tastes in country j, nor with the global valuation of quality. Therefore,
the Hausmarstyle instrument constitutes a valid approach to estimgthe price elasticity of
demand.

Econometic 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 Hairsstrament

and firmdestinationyear and a set of fixed effecés in the following formal expression:

Qe
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where] h A are firmyear, destinatioryear, and the product fixed effects, respectively.
Using the predicted values of expgrices from the first step we identify the structural demand
function in Eq.41) in the second step:

e ~iinc [ R T (45)
in whichll collects destation-specific effects common to all food exporters in year t. The
product fixed effectl is included because quantities are not necessarily comparable across
product categories. Furthermore, the firgrear fixed effectl is included becausexporters
most likely differ in terms of firm size, productivity, and average wage.
The estimation of Eg44) is consistent if the error term  is orthogonal to our Hausmatype
instrument. The structural form of the demand estimation sholle 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 ig. E41). 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 nore 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 conswappeal 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 bothadjty and taste is obtained from the
combination of the prediction of the error term and the elasticity of substitution as:

N TH (46)
1 k ———38
A k o
In the next step, we separate the demand shifter assodiatéth the characteristics of the
G NRASGe FTNRY (KS O2yadzySNBRQ ljdzZrfAGe @ ftdzr GA2Y

valuation for a variety is also tirdavariant, product quality is obtained by taking the mean of

the residual above as:

0 v @7
oy Hun

-+ p | Td
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 definitioAQ) in logs:

17aC k1 Tac 110 h (48)
that consumer heterogeneity enters through a counrspecific demand shocks that we
associate with taste. Rearranging E47)( we obtain the measuréor taste defined as the
country-specific deviation from the global average valuati@n,, of a variety:

1766 k1 Taw 1 Toas (49
Thus, we identify consumer taste from the counspyecift variation of the demand shifter for
exports at the firmproductdestinationtyear level. This measure is also consistent with the
notion that differences in taste manifest when considering consumers from different
geographical areas. In the next sectiove implement this estimation strategy using ltalian

customs data, followed by a verification of the taste measure.

Qe
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Productivity estimates in the Italian case study are obtained from the estimation of the
production function using firastevel data. The contd function is utilized in the estimation
process to measure productivity. Detailed information on this approach can be found in De

Loecker (2012and Jafari et al. (2023)

Estimated parametefsased orthe Italian food processing sector

Table 2 to Tabl8 provide estimates for the minimum productivity and shape parameter for the
distribution productivity across firms in the Italian food processing sentaggregate and for
different subsectorsTable 3 reports the mean and median of the estimated tastgable in
this sector.

Table 2. Minimum value of total factor prodictivity (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

Aggregte 1,900246




EATMO del

er agri-food trade modelling for policy anatysis

Table 3.Shape parameter for productivity distribution (Italian food processing

sector)
HS2 Shapeparameter
4 3,91167
15 2,636155
16 3,656437
18 2,527082
19 3,690118
20 4,179889
21 2,756942
22 1,406883
Aggregte 2,83681

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

HS2

4

15
16
17
18
19
20
21
22

Aggregte

Median Mean
0,0834847 1,07E10
0,0090835 -1,96E10
0,0417756 2,29E11
0,0542536 -3,40E11
0,0463223 3,22E10
0,0203974 1,01E10
0,0336543 1,27E10
0,0470925 -1,84E10
-0,0000701 4,16E12
0,0262216 4,03E11

®

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

from Italy with respect to GDFAdditionally, Table 6 provides tl@LS estimates of the elasticity

of quality production with respect to changes in productivity.




Table 5 Elasticity of taste with respect to the GDRalian case study)

HS2 sectors 4 15 16 17 18 19 20 21 22 Aggregte
Log GDPer
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<.l, ** p<.05, *** p<.01

Table 6 Elasticity of quality with respect to théotal factor productivity (TFP)

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

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
Rsquare 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 iadtdrawn 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: Fotagne et al (2018

Parameter estimates in the French case study

Our approachto obtain parameter estimatefor the French case studgsts on the estimation

of an import demand function at the firproductdestination level. The principal difficulty
involved is how to measure consumer taste and product quality, two attributes that usually are
unobservable together. Insteagf the demand residual appach we use a control function
approach, as proposed by Aatral.(2020). The idea is to capture the detamants 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 indef taste and qualitghat, in the final step,
allowsus to assess their respective contribution to the variation in export rever@eschapter

2 in the deliverable D2 (Curzi and Jafari, 2024br the details of the methodOur empirical
strategy, wlich is similar to that used by Aw et a&20(9, 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 dagsnvolve assumptions abotie

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

Ageneralmodel ofdemand

We assume that the demand function for prodi@xported by firmQo destinationQat time

otakes the general form:

n 0O n he® ho H R 8 (50
where 1 corresponds to the impori@ quantities, is the (f.o.b.) price (i.e, free of
transportation and insurance costs), andoeeand] &eeare 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(H86é3}tinationyear fixed effects
These fixeekffects control for timevariant unobserved shocks such as market size, market
competition, transportation, and distribution costs which affect firin a given market equally.
Since in our dataall the trade flows originate from France, these fixaftects also capture
bilateral unobserved cost shocks such as transportation and distribution costs. Finally,
corresponds to the residuagtm which includes firatevel deviations of the market level of cost
and demand shifters. Thus, the variation in exported quantities across firms in a given market (a
productdestination pair) is explained by differences in price, quality, and productzizete).

We bring the model to the data by adopting a standard-ltmg specification of the demand
function:

1A r . IR 11 (] -, (52
where_  and correspond to the empirical counterparts of the control functions for taste
and quality, respedtely. In practice, we construct these indices by estimating the parameters

of a polynomial function of order 2 of the tas®sand qualityceproxies. The price elasticity of

Qe
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demand, varies across products and destinations to account for diffees in price
sensitiveness across more or less differentiated products and populations with different levels
of wealth and substitution possibilities.

This loglog specification is fairly general and can be derived from a large class of demand models
expressing loveor variety as pointed out bAw et al. (2020). For instance, trade models with
representative consumers, CES preferences, monopolistic competition, and rspdatic
effects lead to similar log demand equations. This applies also to mib@elmclude quadratic
utility and precompetitive market effects (Di Comig al.,2014).The proxied used for the taste

are genetic distancecommon languaged( ), common religiond Y, and common nationality

(6 U. Considering these proxiespesifically, we weight each indicator by the share of
destinationQin the total of sales of varief@dd yearo.

The proxies for the vertical quality differentiation are as follows.draw on the results in the
trade literature and identify some wedlstablished exogenous determinants of product quality

to serve as proxies in the control functidrrst, a substantial stream of work shows that kigh
income countries account for more sales of higrality relative to lowquality products (see,
Schott, 20@; Verhoogen, 2008; Brambilla et al., 2012). Because consumers value quality in high
income countriesnore, it is more profitable for firms to sell their higind products to richer
populations. We then calculate the expesthare weighted average of GDR papita across the
destinations to which a variety is exported [O® ). This proxy varies at the firproduct

level. Second, producing highuality products necessarily requires higlgrality inputs (see,

for instance, Kugler and Verbgen, 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.

Qe
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and then calculate the impowthare weighted average GDP per capita across sourcing countries
for a given firm@ "O® ). For noAmporting 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 infug&s G KS FTANN Q& LINEF
process while the firm might obtain higjuality inputs from domestic sources and import
cheaper inputs that are deemed netrategic, for instance (Jakel and Sgrensen, 202iQ)we

cannot allocate the imported inputs acrossetproducts exported by the firm. This latter point
implies that the proxy varies only at the firm lev®ote that since both proxies("O®  and
®"O® ) 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 ofduighity firms

are also more efficien@ugler 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 higlelity products enjoy a lower sales
concentration across destinations. We themmguute the Herfindahl Hirschmandex {O"QD )

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 higiquality firms have higher arket shares, conditional on prices. We then

compute the market share of variei@&ver the total sales computed for all the French firms in

1 Another solution would be to compute the weightedrerage of import prices as i et al. (2019).
However,Jakel and Sgrensg@020) show that unit value is not necessarily a good indicatomport
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 samplethat export to destinatiorQ(0 0"Y ). We use this (global) market sharepimxy
for quality.Finally, in line with the conclusions from a quality version of the Melitz (2003) model,
we suppose that a highuality product achieves a higher market share in richer relative to
poorer destinations. In other words, a higjuality firmcaptures a large share of the expenditure
in richer destinations. Similar to Aw et al. (2019, 2020), we compute the market share of variety
"Qiver the total sales of produéfexported by French firms to destinatid@®@(d 0"Y ) and
interact market share with GDP per capita in destinatibn
Overall, the control function for quality corresponds to:
197 & (52

I1MTood hOod HROWM Y MUY

00 8
Taken together, the proxies for quality vary along all the data dimensions: firndugt,o
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.

Demandestimation anddentification

The estimation of a demand model tends to involve endoggnissuesthat 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 gara control functionthat teases

out the taste and quality components of tlteemand from the demand residual. However, it
 4&4dzySa 322R LINPEASE OF LIWdzNAy3I O2yadzYSNBEQ (I &
In what follows, we present and discuss the proxy variables used and then describe the

instrumental variable (V) sttagy employed to deal with the endogeneity of the price variable.

@)fE!
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We follow the insights in the IO literature and use Haus#yae instruments’ Hausman (1996)
proposed to use the price of a variety sold in different destinations as an instrument.

The 2SL®stimates are used to compute three indices of demand: a taste irddx (), a
quality index (1T ). All these estimated indices vary at the fiproductdestinationyear
level.

The estimated taste index is computed as:

| Bi & BB & & , (53

l—

whereaandd denote the proxy variables included in the control function for taste.
The estimated quality index is computed as:

in BTi & BB & & , (54)

where U and € denote the proxy variables included in the control function for quality. This

quality index captures the qualityerceivedby foreign consumers which may differ from the

quality of the production process which Hallak and Sivadésanmo 0 O EJNE R 0B RADOG & € «
This product productivity includes the inherent quality of the inputs (skilled labor;duglity

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

laadzYAy3d GKFG GKAA LINRPRdAzOG LINR RdzOdhe@aftére A& O2

described as supplside quality as opposed to demasite quality-, we can obtain a rough

2 The choice of a price instrument is particularly problemathen using trade data because the large
number of products considered makes it difficult to collect detailed cost data to use as instruments.
Hausmartype instruments are frequently used because they are less-damaanding (see, for e.g., Jakel
2019).However, note that some recent papers propose some original IV strategies to instrument price.
One of the most convincing solutionsiveteau and Smaggh@019) proposal to instrument price using
exogenous shocks on imported input costs entailed by axgh 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 countriesnéten the EU.Fontagnéet al.
(2022) sggest 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.




estimate of this supphgide quality by regressing demasitle quality ( 1 ) against a set of
firm-year fixed effects- . These fixeaffects provide a measure of the supgligle quality at

the firm-year level.

The estimated priceelasticitiesare directly obtained for the demand side function and the
marginal cost estimates of the firms are recoverebhe estimated price elasticity varies
across (HS4)products and destinations. Assuming monopalatipetition, we can back out

the estimated marginal cost from the pricing equation such as:

ido iR i1p —, (55)

This marginal cost includes all the variable costs assoaidthdhe production of a additional

unit (e.g., wages, materials costs, energy) and in partidiiarcosts borne by the firm to
differentiate its product horizontally and vertically. However, the marginal cost does not include
transportation and distribution costs since theepis f.0.b. and the estimation procedure controls

for transportation and distribution costs at the market)and firmrmarket 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 standarddodr  ——

(see, br e.g., Hallak and Sivadasan, 2013; Brambilla and Porto, 2016), ivtseeaeconstant (e.qg.,

labor cost) andt | p is the qualityelasticity of marginal cost then transforming in log gives:

i i 14 8 (56)
We obtain estimates of productivity at the figmar level by choosing a value for the cost
elasticity of quality| and regressing the Idfiand term of the above equation on a set of-firm

year fixed effects.













































