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We use the structure of the Melitz (2003) model to compute the cost of living and 

welfare across 47 countries, and compare these to conventional measures of prices 

and real consumption from the International Comparisons Project (ICP). The cost of 

living is inferred without directly using ICP prices of traded goods, but instead relying 

on output prices, openness, domestic trade costs and product variety measured by the 

counts of barcodes or firms. We find that welfare is lower than indicated by real 

consumption for most countries, but similar in China and Japan and similar or higher 

in some European countries. 

 

Liberalizing trade is well understood to improve country welfare. Melitz (2003) is among the 

models that generate a very simple formula – based on openness – for the gains from trade 

(Arkolakis, Costinot and Rodríguez-Clare, ACR, 2012). But while the Melitz model is well-

suited to compute the gains from trade within a country, can it be also used to compare welfare 

between countries? We will demonstrate that it can, provided that several domestic variables – 

product variety, domestic trade costs, and productivity – are considered. We compare the 

theoretical cost-of-living predictions from the Melitz model to consumption price levels from the 
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International Comparisons Project (ICP), focusing on cross-country prices for tradable goods. 

We find that the theoretical cost-of-living relative to the US is higher than indicated by 

consumption price levels for most countries, except for China, Japan and South Korea where the 

theoretical cost-of-living is similar to price levels, and also a select group of nations in Europe 

where the cost of living is similar to or less than price levels. 

Our application of the Melitz model applies to traded sectors of consumption only. To 

incorporate nontraded goods, we rely on those nontraded prices from the ICP (we do not collect 

any data on product variety or domestic trade costs in these sectors).  Combining those nontraded 

prices with the theoretical cost-of-living for traded goods and using the result to deflate 

consumption expenditures, we obtain a theoretical measure of welfare that can be compared to 

real actual individual consumption (AIC), a standard statistical measure of household 

consumption that is not sensitive to differences in funding sources (i.e., private, non-profit, or 

public) across countries. We find that welfare relative to the United States is lower than indicated 

by real consumption for most countries, though they are similar for certain Asian countries 

(including India) and similar to or higher for a select group of European nations. 

This paper contributes to the literature in several ways. ACR (2012) compare the 

equilibria in a single country facing different foreign variables, leading to different trade 

opportunities. The change in foreign variables can reflect differing iceberg costs of foreign trade, 

or trading with a foreign country of differing size (reflecting growth abroad). That approach 

allowed them to compute the gains from trade versus autarky, or the gains from a small change 

in trade. We expand on that literature by incorporating different domestic variables, meaning a 

change in domestic trade costs, productivity and fixed costs, and home population. That will 
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enable us to compare equilibria between countries: in particular, differences in these variables 

across countries leads to differences in product variety, as we show in section I. 

Second, we demonstrate the feasibility of using online barcode data to measure product  

variety across countries. Barcode-level data has previously been used to compare prices across 

countries (Cavallo et al. 2018), and product variety has been compared across cities in the United 

States (Handbury and Weinstein, 2015) and in China (Feenstra, Xu and Antoniades, 2020). But it 

is challenging to compare product variety across multiple countries because products are not 

identical, may be produced and sold by different firms, or have differing barcode classification 

systems.2 We overcome this difficulty by relying on simple counts of barcodes for large retailers 

in certain sectors, using online data available at the Billion Prices Project (Cavallo and Rigobon, 

2016), and further estimating the share of domestic varieties using crowdsourced techniques with 

freelancers and a custom smartphone application. When that information could not be collected, 

we instead use the count of firms within each sector and country to proxy for variety counts. 

Third, to compare the theoretical predictions from the Melitz model to country price 

levels from ICP, we also need to control for differences in country productivity. The “next 

generation” of Penn World Table (PWT, see Feenstra, Inklaar and Timmer, 2015) calculates 

productivity using a measure of real GDP on the output-side, i.e., GDP deflated with aggregate 

output prices that can be compared across countries. Here we use similar techniques to obtain 

output prices at the sectoral level, which differ from the sectoral consumption price levels in the 

 
2 This challenge is illustrated by Argente, Hsieh and Lee (2020), who compare the US and Mexico. Even though 

these countries share a barcode system, only 8.5 percent of the total number of Mexican barcodes and 1.5 percent of 

US barcodes are found in the other country, so even in this case the number of identical barcodes between the 

countries is quite limited. The same holds for the much broader set of countries analyzed in Beck and Jaravel (2021), 

where an average of 5 percent of identical barcode items are found across countries. To overcome these limitations, 

we rely instead on simple counts of barcodes and on the theoretical structure of the Melitz model. 



4 

 

ICP. Therefore, our results can be used to evaluate how both the ICP and PWT datasets compare 

to theoretical predictions from the Melitz model.  

Finally, this paper contributes to the broader literature on measures of welfare that are 

“beyond GDP”, to use the phrase of Jones and Klenow (2016). They propose a welfare concept 

that combines cross-country differences in consumption, leisure, mortality and inequality into a 

single consumption-equivalent measure. Our goal here is much less ambitious: to incorporate 

product variety to measure the cost of living across countries while focusing on tradable goods. 

But there are some broad similarities in our results, particularly the finding that welfare is lower 

relative to real consumption in many low and middle-income countries. The main difference is 

that Jones and Klenow find that nearly all Western European countries have welfare relative to 

the US that is similar to or higher than indicated by conventional measures of real consumption, 

whereas we find that result only for a more select group of nations in Europe.   

 In section I, we obtain a general expression for the theoretical cost-of-living (CoL) 

across countries in the Melitz (2003) model, which depends on: domestic and exporter 

productivity; domestic and foreign trade costs; the terms of trade; and the extent of product 

variety available to consumers. Under the added assumption of a Pareto distribution for firm 

productivity, as in Chaney (2008), we obtain an expression that generalizes ACR (2012) to a 

cross-country context, where the share of expenditure on domestic goods (reflecting inverse 

openness) plays an important role. In section II, we describe the data used to measure the 

theoretical CoL, focusing on traded goods only. In section III, we compare that expression to 

the price levels for consumption (PC) across countries from ICP. In section IV we add 

nontraded goods, and then dividing real actual individual consumption (AIC) by CoL or PC, 

we can compare the theoretical measure of welfare (U = AIC/CoL) with real consumption 
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(RC = AIC/PC) and with the results of Jones and Klenow (2016). Section V concludes, while 

proofs and other details are in the Online Appendix. 

I. Modeling Welfare Between Countries 

 Extending the model of Melitz (2003) and Chaney (2008) to measure welfare between 

countries means that we must allow for differences in domestic trade costs, their productivity 

distributions, and populations. We model domestic trade costs as iceberg costs, meaning that in 

country i and sector s, 1ii
s  units must be sent from the domestic firms for one unit to reach the 

home consumer. This is a plausible description of resources used in domestic transportation and 

in the wholesale and retail sectors, which we rely on to measure .ii
s

3 To make the welfare 

comparison, we consider the ratio of equilibria in two countries that can differ in these domestic 

variables, as well as foreign variables like in ACR (2012), defined as differences in the iceberg 

costs of international trade and in the foreign values of population and fixed costs of production 

and entry. 4 To simplify the model, we introduce a restriction on the extent to which fixed costs 

can differ across countries..  

The rest of the model is familiar from Melitz (2003), though extended here to multiple 

sectors, so our exposition will be brief. We assume a CES utility function across sectors, and a 

CES utility across varieties in each sector with elasticity of substitution s  > 1. Labor is the only 

factor of production, and a mass
i
sM  of domestic firms pay an entry cost of 

i
sF (in units of labor) 

to receive a productivity draw   from the Pareto density ( )i
sg  , with distribution function: 

 
3 Our theoretical analysis could also be extended to include differences in excise taxes across countries, which are 

part of our empirical analysis. 
4 When we consider differences in foreign variables, as in ACR (2012), the two equilibria could be for the same 

country facing different foreign conditions over time.  
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    We are allowing this mean productivity to differ across  

sectors and countries, but for simplicity, we are treating the Pareto parameter   as common 

across sectors and countries.3F 

With trade between country i and all countries 𝑗 =  1, . . . , 𝐶, the CES price index for the 

country i in sector s is defined over domestic and foreign goods as:  
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where the consumer prices for sales from country j to i are ( )ji
sp   for variety  , and the mass 

of varieties sold is [1 ( )]= −ji j ji
s s sM M G  , which adjusts the mass of entry 

j
sM  in country j for 

the probability that a firm has a profitable productivity draw  ji
s   for sales to country i. We 

adopt a CES utility function across sectors in each country, with the elasticity η between sectors. 

Then the overall price index for country i is of the form, 
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where sa  reflect consumption weights for each sector that are common across countries. 

We let 
ii
s  denote the share of country i expenditure on domestically produced goods. 

This share is obtained by taking the ratio of the term in the summation on the right of (2) for j = i 

to the whole term in brackets, obtaining 
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This expression can be simplified by solving for domestic prices. Country i firms face the 

common wage 
iw , so the marginal costs of production for a firm with productivity   is /iw  . 

Then with the usual CES markup, the domestic price is ,/ –  ( ) [ ( )1  ] )/(ii ii i
s s s sp w   =  where 

1ii
s   are the trade costs for domestic sales. Substituting these prices into the numerator of (4) 

and computing the integral, we obtain:  
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Substituting (5) into (4), the share of expenditure on domestic goods is: 
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 Now compare the equilibria in sector s between countries i and j. The ratio of CES price 

indexes in sector s is denoted by /i j
s sP P , and after we aggregate across sectors, it will measure 

the theoretical cost-of-living (CoL) between the two countries. The sectoral price ratio is readily 

obtained by re-arranging (6) as: 
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On the right-hand side of the first line of (7), the first term appearing in brackets is the ratio of the 

CES price index of domestic goods, where the variety term 
1

(1 )( ) − sii
sM   is the welfare effect of any 
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difference in the mass of domestic varieties, while /i ii ii
s sw    is proportional to the average price of 

these domestic varieties (and likewise for country j). The second term is the ratio of the share of 

spending on domestic goods, or one minus the share of spending on imported varieties, which 

adjusts the price index for import varieties as in Feenstra (1994).  

Either greater domestic variety in country i ( ii jj
s sM M ), or more import variety 

resulting in a smaller domestic share ( ii jj
s s  ), reduces the relative sectoral price index in 

country i. By rewriting the price index as in the second line of (7), we can see that the term 

/ii ii
s sM   (and likewise for country j) measures the “overall” product variety taking into account 

both domestic and import varieties, with an increase in overall variety lowering the overall price 

index according to the exponent  1/ (1 ) 0.− s  We describe the rest of the equilibrium 

conditions in Appendix A.1.  

To determine the sources of welfare differences between the two countries, we focus on 

the zero-cutoff-profit (ZCP) condition that determines the threshold productivity ii
s  for home 

domestic firms, given by: 

1
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where i
sX  denotes total expenditure on the differentiated good in sector s of country i, and ii

sf   

denotes the fixed costs of production for sales to the home market.  We take the ratio of (8) 

between two countries, and substitute that into (7) to obtain, 
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Expression (9) shows us how to solve for the “overall” product variety appearing in (7), 

but we still need to solve for ZCP productivity levels appearing there. As mentioned, we assume 
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a Pareto distribution for firm productivity given by (1). The mass of firms selling domestically in 

country i equals [1 ( )] ( / )ii i ii i ii i
s s s s s sM M G M A   −= − =  where 

i
sM  is the mass of entering firms. 

Then using this in (9), we obtain, 
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where the final equality uses the fact that the mass of entering firms is proportional to the total 

labor used in sector s, which is denoted by 
i
sL , so that /i i i

s s sM L F , as shown in Appendix A.1. 

The ratio of the fixed costs of production and entry that appears in (10) is difficult to 

identify from the data, so we simplify our model by assuming that it is the same across countries, 

which we state formally as:  

 

Assumption 1: In each sector, the fixed costs of production for the domestic market and the 

fixed costs of entry are proportional across countries, / /ii i jj j
s s s sf F f F=  for , 1,...,i j C=  and 

1,..., .s S=  

With this assumption, we solve for the threshold productivity levels from (10) and use 

that in the ratio of the price indexes (7). Then we aggregate (7) across sectors using the CES 

function for the country prices in (3), which implies that the ratio of these CES prices is:  
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where /i i i i
s sx X w L  are the sectoral expenditure shares in country i, and ij

s  are the Sato  
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(1976)-Vartia (1976) weights.5
   Using this aggregation, we obtain the following result:  

 

Proposition 1: 

Under Assumption 1, the ratio of the CES price indexes in country i and j is:   

1
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where /i i i
s sL L  denotes the share of the labor force in each sector. 

 

To interpret this result, the first ratio on the right of (12) consists of wages relative to the 

sectoral productivity levels, where those productivity levels are adjusted by the labor share to 

each sector, i
s . In practice, we will measure i

s  by the sectoral share of value-added, reflecting 

the use of labor and all other factors, and therefore greater resource flows to sectors with high 

productivity will enhance overall productivity.  

The second ratio is the share of expenditure on domestic goods, or an inverse measure of 

openness: if that share in lower in country i —indicating that more varieties are available from 

abroad— then its gains from trade are higher and the relative sectoral price in country i is lower. 

This “lambda-ratio” is the sufficient statistic identified by ACR for the gains from trade.  

The third term on the right of (12) is the ratio of domestic trade costs, so that a country 

with higher domestic trade costs will have correspondingly higher prices. It is surprising that the 

domestic trade costs do not involve an exponent reflecting the share of expenditure on domestic 

goods. To explain this, consider two countries where the only difference between them is that  

one has higher domestic trade costs, ii jj
s s  . Then country 𝑖 will have higher domestic prices  

 
5 From L’Hôpital’s rule, as

i j
s sx x→  then 

ij j
s sx → , so the Sato-Vartia weight approaches the expenditure share. 
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and therefore, lower expenditure on its domestic goods, ii jj
s s  . So, from (12), the higher  

domestic trade costs are partially offset by the lower domestic share, meaning that the sectoral  

price index does not rise in direct proportion to the higher domestic trade costs. 6F5F

6  

The fourth term appearing on the right of (12) is “overall” product variety, which has a 

negative exponent reflecting the gains from product variety that lowers the CES relative price.  

Taken together, we use all the terms on the right of (12) to measure the theoretical cost of living 

(CoL) in country i, where we will focus on sectors producing tradable goods as described in the 

next section. Before turning to that empirical application, we note a final theoretical result. 

Equation (9) showed how “overall” product variety in a sector is solved for in the model, 

based on the expenditure in that sector relative to wages times fixed costs. When we aggregate 

across sectors using the Sato-Vartia weights, and assume trade balance so that the sum of sector 

expenditure equals labor income, we obtain an even simpler solution for the economy-wide 

“overall” product variety:7 

1 1

/

/

ijij
ssii ii iiS Si

s s s
j jjjj jj

s s ss s

M fL

fLM




= =

    
 =       

    
  .    (13) 

Thus, “overall” product variety equals the ratio of country populations divided by the sectoral 

average of the fixed costs of production. To interpret this result, consider for the moment a one-

sector model, S =1, so that the Sato-Vartia weight in (13) is equal to unity. Suppose that we 

compare two countries with the same population =i jL L  and the same fixed costs =ii jj
s sf f . 

Substituting these conditions into (13), we immediately see that / /=ii ii jj jj
s s s sM M  . In other 

 
6 There is one parameterization, however, where the sectoral price index will rise in direct proportion to domestic 

trade costs, and that is where the domestic costs of transport and retail trade apply equally to domestic and imported 

goods. This simple case is assumed below, and in Appendix A.2, to derive (15). 
7 While Proposition 1 relies on the assumption of a common value for  across sectors, we show in the proof how 

these results can be generalized if   is not the same across sectors, and that (13) does not rely on this assumption. 
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words, “overall” variety does not vary in the one-sector model for two countries with the same 

population and domestic fixed costs. 4FF This case illustrates the one-sector Melitz-Chaney model in 

ACR (2012), where the two equilibria being considered are in the same country (i.e. given their 

population and fixed costs), but facing different foreign variables and thus trade opportunities: 

there is no welfare change across these equilibria due to changes in “overall” product variety, but 

only due to changes in threshold productivities ii
s  and so inverse openness ii

s  from (10). Even 

in a multisector model, “overall” product variety for a country with given population and fixed 

costs will change only due to changes in the sectoral Sato-Vartia weights in (13). 

Across countries, however, we can expect to find much greater variation in “overall” 

product variety than within a country: (13) says that product variety will differ across countries 

due to their populations and their fixed costs. This result reflects the strong scale effect that 

operates in the Melitz-Chaney model – with larger countries having greater overall product 

variety – but that effect would be offset if larger countries also have higher fixed costs. An 

example of the link between fixed costs and country size comes from Arkolakis (2010), where 

firms must advertise a product to generate demand. In a simplified version of his model, 

advertising costs equal ( ) / ,ii i
s sf L  = 6F

8 so that larger countries have higher fixed costs which 

would limit the scale effect on variety. We do not rely this parametric form, however,7F

9 and we 

do not restrict the fixed costs across countries except as stated in Assumption 1.10  

 

 
8 Arkolakis (2010) has a one sector model, so that s = . This formula simplifies his model, however, by setting 

another parameter 𝛽 = 0 that would otherwise influence the fixed costs of advertising. 
9 See our working paper (Cavallo, Feenstra and Inklaar, 2021), where we substitute this parametric form for fixed 

costs into (13) at the sectoral level, and then estimate  from the resulting log-linear regression.  
10  Note that given data on “overall” product variety on the left of (13) and on population, we can solve for the fixed 

costs of production on the right. In conjunction with other data on the fixed costs of entry, we can therefore begin to 

test Assumption 1: see Appendix A.6.  
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II. The Cost of Living: From Theory to the Data 

A. Sectors, Domestic Expenditures, Trade Costs and Productivity 

We shall apply (12) to measure the theoretical cost-of-living index across countries, 

although several adjustments in this equation are needed to bridge the gap between our stylized 

model and the data.  

First, because our theory applies to traded goods, we restrict ourselves to traded sectors of 

consumption in this section. Specifically, we use seven sectors of consumption shown in Table 1, 

defined at the two-digit level of the “classification of individual consumption by purpose” 

(COICOP). For these sectors, the share of potentially traded products for household consumption 

varies between 100% (Food, Beverages and Tobacco) and 25% (Other goods).11 For example, 

expenditure in the transportation sector includes “taxi services”, which is omitted because it is 

not a traded product. The domestic expenditures shares ii
s  are measured for manufactured 

goods in each sector s. Domestic trade costs 
ii
s  in sector s include the margin earned in 

transportation and retail trade and taxes on products, notably sales tax, VAT and excise taxes. 

Information on the construction of both these terms is provided in Appendix A.2, and their 

average values over 47 countries are reported in Table 1.  

Table 1: Consumption sectors, goods share in each sector, and variable means 

Sector Code 

Goods 

share (%) 

Mean 

𝜆𝑠
𝑖𝑖 

Mean 

 𝜏𝑠
𝑖𝑖 

Product 

variety 

Total traded consumption  47    

Food, beverages & tobacco 01-02 100 0.68 1.82 Yes 

Clothing & footwear 03 97 0.34 2.21 Yes 

Furnishing, household equipment 05 88 0.46 2.06 Yes 

Health 06 26 0.37 2.09 No 

Transportation 07 57 0.49 1.87 No 

 
11 Four other sectors of consumption are omitted because the products in those sectors are either all nontraded 

(education, hotels and restaurants) or have very few traded products (housing and utilities, communication). 
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Recreation and culture 09 48 0.59 1.68 Yes* 

Other goods 12 18 0.54 2.24 Yes 

 

Notes: Code is the COICOP code for the sector; goods share is the share of total sectoral expenditure on goods 

rather than services, averaged over the 47 countries.  

* Barcode data for newspapers and books are not available within the Recreation and Culture sector. 

 Second, our model has only labor, while in reality there are many factors of production. 

This feature is readily incorporated by consideration of the term /i i
sw A  and likewise for country 

j (which we choose as the United States). Let iw denote a weighted average of factor prices used 

in production. The term i
sA , the lower bound to productivity in sector s, is proportional to the 

mean productivity in that sector, which we measure by total factor productivity (TFP).12 Using a 

dual approach, sectoral TFP would equal the ratio of the weighted average of factor prices to the 

sectoral output price. Then the ratio /i i
sw A  would equal the output price level for the traded 

goods we are considered, which we denote by
Ti
sPY . The price level of output reflects the prices 

of produced goods in each country and thus also prices of exported goods are part of the price 

level of output (whereas import prices are included in the price level of consumption). The “next 

generation” of PWT (Feenstra, Inklaar and Timmer, 2015) measures the aggregate output price 

by correcting for the terms of trade in this fashion. We shall use the same approach to measure 

sectoral output prices in traded sectors (see Appendix A.2 and section III.A). 

 
12  Note that the lower-bound is proportional to the unconditional mean productivity, whereas TFP reflects a mean 

productivity that is conditional on firms surviving. Whether these are proportional could be investigated in the 

dynamic models of Perla and Tornetti (2014), Sampson (2016) and Perla, Tornetti and Waugh (2021), where the 

lower-bound and TFP both evolve over time. They assume that the lower-bound of the productivity draw for new 

entrants is equal to the cutoff productivity for existing firms, so that under Pareto that lower-bound and the cutoff are 

both proportional to TFP. In a steady state we therefore expect the lower-bound and TFP to grow at the same rate, 

and we are assuming that the factor of proportionality between them is the same across countries. 
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 Finally, letting 
Ti
s  equal the Sato-Vartia weight of traded goods in sector s relative to 

the US, and aggregating across sectors, we can re-write (12) as the theoretical cost-of-living for 

traded goods in country i relative to the US as country j as: 
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s s s s s s

Tj jj jj j jjTj j
s s s s ss s

PY MCoL

CoL MPY

 

 



 
   

  
,  (14) 

where the weights of traded goods across sectors sum to unity, 
1

1.
S Ti

ss


=
=  Notice that the  

sectoral output price in each country, 
Ti
sPY  , is weighted by the inverse of 

1

( )i
s

 , reflecting the  

resource use in that sector. 

We stress that while (14) is measured with the data, it still a theoretical cost-of-living 

implied by the Melitz model. After measuring (14), we shall compare it to the “price level of 

consumption” for each country, denoted by TiPC , based solely on the data from the 2011 round 

of the ICP (World Bank, 2014). This price level is measured as the observed prices of tradable 

consumption goods in each country, converted to US$ using the nominal exchange rate and 

measured relative to the US prices of the same goods.13 By construction, then, TiPC  in country i 

is measured relative to the United States as country j (i.e., 
, 1T USPC  ).14  

B. Product Variety  

  The last term appearing in (14) requires that we measure 
i
sM , the number of domestic 

product varieties in each sector. Our first estimate of domestic varieties is based on the number 

 
13 We use the same Sato-Vartia weights to aggregate traded-sector prices across sectors so that differences in 

weighting do not influence the comparison. 

14 The sectoral price of output that appears in (14), 
Ti
sPY , uses some of the same disaggregated prices collected 

across countries used to construct the sectoral price level of consumption, 
Ti
sPC . But as we have already noted, the 

price of output incorporates export prices while the price of consumption goods incorporated import prices, so these 

two data series differ by the terms of trade as discussed in section III.A. 



16 

 

of domestic firms active in each sector for 46 countries, taken from the Bureau van Dijk’s ORBIS 

global dataset, which in turn is based on business registers. We eliminate duplicate names and 

drop firms with zero employees to eliminate shell companies. As a verification exercise, we also 

collected data on the number of firms from national enterprise statistics, primarily from the 

OECD Structural Business Statistics and Eurostat Enterprise Statistics, supplemented by national 

reports. For most countries, the correspondence between the two sources is close; the correlation 

of the log number of firms between both sources is 0.75, rising to 0.90 when excluding India and 

Indonesia. The reason India and Indonesia are outliers is their large informal sector. The firm 

count from the enterprise statistics includes informal firms while Orbis only counts formal firms, 

and the presence of a large informal sector can reduce opportunities for formal firms.  

The scale effect of country size on product varieties is illustrated in the left panel of 

Figure 1, where we find a strong correlation of 0.82 between the number of firms in Orbis and 

the population in each country (in logs). Once again, India (IND) and Indonesia (IDN) are 

outliers due to the large informal sectors not accounted for in the Orbis data.15  

The number of firms is a very crude measure of the number of products, however, 

because of multi-product firms, for example. Large consumer firms sell many products, while in 

the firm count data, each firm is only counted once. At the other extreme, certain low-income 

countries like India have more fragmented markets, with some firms serving only a single city or 

neighborhood. We might think of these firms as producing less than a single (national) product.  

 
15  The data for firm counts and barcode counts, discussed next, are shown in Appendix Tables A1-A4. 



17 

 

Figure 1:  Count of Firms and Domestic Barcodes versus Population (log scale) 

 
Notes: The count of firms is obtained for 7 sectors (described in Table 1) and summed to obtain the results in 

the left panel. The count of domestic barcodes is obtained for 5 sectors (omitting Health and Transportation) 

and summed to obtain the results in the right panel.  

 

In addition, the count of firms applies to those producing both final goods and intermediate  

inputs in each sector, whereas our theory applies to the product variety of final goods only.  

To obtain a more accurate count of product variety, we rely on barcode counts for goods 

sold within each of the sectors shown in Table 1, except for Health and for Transportation.16  

These barcode counts are obtained from micro data available at the Billion Prices Project (BPP) 

(Cavallo and Rigobon, 2016), for all products sold by some of the largest multi-channel retailers 

in 24 countries: Australia, Brazil, Canada, Chile, China, Colombia, France, Germany, Greece, 

India, Ireland, Italy, Japan, Mexico, the Netherlands, New Zealand, Poland, Russia, South 

Africa, South Korea, Spain, Turkey, the United Kingdom, and the United States. The data was 

collected on a daily basis from the websites of the largest retailers in each country by PriceStats, 

 
16 For Health and for Transportation we do not have barcodes, so we continue to use the firm-counts. In addition, 

barcodes for the Recreation and Culture sector are not available for all products in that sector (see the notes to Table 

1), so 
ii
s  is adjusted to match this coverage based on WIOD/TiVA data. 
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a private company related to the BPP. PriceStats uses scraping software to automate the data 

collection and cleans and categorizes all individual products at a 4-digit COICOP level. The 

collected product barcodes are usually stock-keeping units (SKUs) that are unique to each 

product and retailer.   

To compute the barcode counts at the sector level, we first take the daily barcode count 

for each retailer in the BPP sample during 2018, calculated at a 4-digit COICOP level of 

aggregation (e.g., “Coffee, Tea, and Cocoa”). Next, we take the mode to control for days with no 

data or other outliers, giving us a single number for that corresponds to the most common daily 

barcode count for each retailer and category combination. To avoid double counting identical 

products sold by different retailers, we keep the largest barcode count for each 4-digit category 

available across retailers and add up all the barcodes to get a count for the sectoral level (e.g., 

“Food, Beverages & Tobacco”). The number of barcodes in each sector is denoted by 
i
sN . We 

note that all retailers included in the BPP sample have large market shares of either total or 

sectoral retail sales in their own country. In some countries, there are a handful of retailers that 

dominate the retail market, selling the largest number of varieties in most categories. In other 

countries, retail sales can be spread among specialized retailers that dominate a single sector. By 

keeping the largest barcode count in each 4-digit category, we are therefore obtaining more 

comparable samples across countries, representing the maximum number of varieties that a 

consumer can find at that level by visiting any given retailer.  

When collecting the count of barcodes 
i
sN  in each sector, we are including both 

domestically produced and imported goods. To measure 
i
sM , we need to estimate the number of 

domestic varities. So for two sectors – Food, Beverages and Tobacco, and Recreation and 
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Culture – we further collected the country-of-origin information for a random sample of the total 

number of barcodes.F

17 Specifically, we hired 56 freelancers in 19 countries to manually check 

500 randomly sampled barcode items per sector in each country. Using a custom mobile phone 

application, each freelancer visited one of the retailers in the BPP sample, scanned the barcode of 

each product, took a photo of the country-of-origin label, and determined if the product was 

domestic or imported. When no country of origin is listed, then the product is treated as 

domestically made. The resulting dataset contains over 16 thousand barcodes collected from 100 

retailers, with more details provided in Appendix A.3. For these two sectors, we therefore can 

calculate the barcode domestic ratio, i.e., the ratio of domestically produced to the total number 

of sampled barcodes, which is denoted by 
i
sB .18 The number of domestically produced barcodes 

is therefore 
i i i
s s sM N B= . In addition, for these sectors we also have the expenditure domestic 

ratio, which we have denoted by 
ii
s . The overall measure of product variety is therefore, 

i i i
s s s

ii ii
s s

M N B

 

   
=      

   

.      

Outside of Food, Beverages and Tobacco, and Recreation and Culture (and for some  

countries within those sectors),  2

19 we do not have information on the share of domestically  

produced barcodes. In these cases, we make the simple assumption that 
i ii
s sB  , so that the  

number of domestic barcodes in computed as 
i i ii
s s sM N = . That is, we are assuming that the  

 
17 Within Recreation and Culture, we collected country of origin information for barcodes in Electronics and certain 

other consumer products such as bicycles.  
18 To test the validity of our estimates for the barcode domestic ratios, we also computed an alternative metric using 

country of origin information collected online for individual products in a subset of 9 countries. This information 

was scraped from the website of a single retailer in each country. The resulting dataset has more products but fewer 

retailers. The correlation between the online and offline barcode domestic ratios is 0.76. We also found similar ratios 

for food in the US using Nielsen’s scanner data. More details are provided in Appendix A.4.  
19 No data for either sector could be collected for Chile, New Zealand, South Africa and South Korea. No data for 

Recreation and Culture could be collected for India and Italy.    
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domestic share of barcodes is equal to the domestic share of expenditure. This simple assumption 

is plausible given that, for the countries where we collect the country-of-origin information, the 

median value of the domestic share i
sB  for  Food, Beverages and Tobacco is 0.78 compared to 

median value of 0.73 for ii
s ; while in Recreation and Culture those medians are 0.18 and 0.14, 

respectively. 

 In the right panel of Figure 1 we show the number of domestic barcodes 
i
sM  for 24 

countries, summed over the 5 sectors for which we have barcode counts (i.e. excluding Health 

and Transportation).20 There is a correlation of 0.61 with the log of population, again with some 

outliers such as India, where the large informal sector likely reduces the variety that can be 

captured with online data and crowdsourcing methods in formal retailers.21 For the countries 

with both firm and domestic barcode counts, we find a correlation of 0.63 between the number of 

firms and the number of domestic varieties.  

C. Parameter Values 

Also needed in (14) are the elasticity of substitution s  and the Pareto parameter  ,  

which we treat as the same across sectors. For the Pareto parameter, we obtained an estimate  

for the Melitz-Chaney model by relying on the simulated method of moments from Simonovska 

and Waugh (2014), who also use cross-country data on the prices of goods collected by the  

 
20 Barcode count data cover 26 countries including Argentina and Uruguay, but we do not have data on the share of 

domestic expenditure for these two countries. We also lack data on the number of firms from ORBIS for Colombia, 

which means our analysis based on this variety measures covers 46 countries. See Appendix Table A1 for the firm 

counts in 46 countries and 7 sectors, and Appendix Table A2 for the barcode counts in the 24 countries that we 

cover in this paper. Focusing on the common 5 sectors (i.e., excluding Health and Transportation) and 23 countries 

(excluding Colombia), Appendix Table A4 shows the number of firms exceeds the number of domestic barcodes in 

10 countries, and is less than the number of barcodes in 13 countries. Having more firms than barcodes in these 

sectors can occur because some of the firms might exclusively produce intermediate inputs, while having more 

barcodes than firms can occur because of multiproduct firms. 
21 India’s online retail sector was relatively undeveloped when these barcodes were counted in 2018. The country 

ranked last in the UN “Ecommerce Index” among those included in our barcode sample (UNCTAD 2017) and the 

World Bank estimated that only about 1.6% of sales took place online that year (Kathuria et al., 2019). 
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International Comparisons Project (ICP).22 Using ICP data from 2011, we obtain the pooled 

estimate of   = 5.1 across all sectors. 

For the elasticities of substitution, using firm counts to measure product variety suggests 

using the elasticity of substitution across firms from Hottman, Redding, and Weinstein 

(2016). While our theory allows for differing values of s across sectors, we consider their 

median elasticity across firms of 3.9.23 Comparing this estimate to  = 5.1 gives a ratio for  

 /( – 1) of 1.75.  Note that Eaton, Kortum and Kramarz (2011, p. 1472) also find an initial 

estimate of 1.75 for this ratio from French data on exporting firms. So ( ,) = (3.9, 5.1) is our 

initial, low set of estimates for the parameters. 

A set of higher parameter estimates come from considering the elasticity of substitution 

across barcode items (within firms) from Hottman, Redding, and Weinstein (2016), which 

has a median value of 6.9. That estimate is quite close to the median elasticity from barcode 

items in Redding and Weinstein (2020), which is  = 6.5.24 That value can be compared to the 

initial estimate of  =  8.3 from Eaton and Kortum (2002, p. 1754). The ratio of these parameters 

gives  /( – 1)  =  1.5, which is slightly lower than found just above but still an acceptable 

spread between the parameters. So, this alternative approach gives us high estimates of ( , 𝜃) =

(6.5, 8.3).  We have made all our calculations using both the low and high sets of estimates and 

find that the results are quite similar. The range of the cost-of-living estimates is about 1.5–2 

times greater when the low parameter estimates are used, but the relative position of countries is 

 
22 We are grateful to Mike Waugh for providing us with the programs required to run these estimates; see 

https://github.com/mwaugh0328. 
23 We found that using estimates for s that vary across sectors will exaggerate the effects of product variety 

differences across countries in those sectors with low values of the elasticity. 
24  Both Hottman, Redding, and Weinstein (2016) and Redding and Weinstein (2020) estimate elasticities of 

substitution across barcode varieties using the Nielsen Homescan data. These barcodes are for grocery store items, 

and many of their barcodes are within our Food, Beverage and Tobacco sector.  

https://github.com/mwaugh0328
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much the same. We present in the text the results obtained with the high estimates ( ,) = (6.5, 

8.3) and report in Appendix A.4 the results obtained using the low estimates ( ,) = (3.9, 5.1).   

III. Empirical Results on the Cost of Living 

In this section we show our empirical results for the cost of living for traded goods in 

equation (14). We first focus on the terms related to openness, domestic trade costs and the 

output price, and later add the effects of the product variety.  

A. Openness, Domestic Trade Costs and the Terms of Trade 

We refer to the lambda-ratio 
1

( / )ii jj
s s

   that appears in (14) as “inverse openness”. Both 

this variable and the ratio of domestic trade costs ( / )ii jj
s s  are constructed at the sectoral level, 

with j = USA. For convenience in graphing these, however, we take the weighted average across  

sector within each country, to obtain 
/

1
( / )

=
Ti
s

S ii jj
s ss

   and 
1
( / )

Ti
s

S ii jj
s ss

 
= . In Figure 2 

we plot these variables against the price level of tradable consumption goods, 
TiPC , in natural 

logs with the US at point (0,0) in both panels. As noted earlier, we construct 
TiPC  by 

aggregating the prices of tradable consumption goods within each country from the 2011 round 

of the ICP using Sato-Vartia weights. So, in contrast to the theoretical cost-of-living in (14), 

which we are measuring using the Metliz model, this consumption price level simply reflects 

price data collected across countries and expressed relative to the US.  

The first panel in Figure 2 show  that inverse openness is negatively correlated with the 

TiPC , implying that openess increases with the price of consumption captured by ICP. This 

result seems counter-intuitive, but note that many of the countries that are more open than the US 

are also countries with higher domestic trade costs, as shown by the positive correlation between 
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Figure 2:  Inverse openness and domestic trade costs versus traded consumption price level 

(log scale, USA=0)  

 
Note: This figure plots inverse openness (left panel) and domestic trade costs (right panel) against the 

price level of tradable consumption goods. All variables are expressed in natural logs with the US at point (0,0) 

in both panels. 

 

domestic trade costs and 
TiPC  in the second panel. Denmark (DNK) and the Netherlands (NLD), 

in particular, are two countries with the highest openness in the first panel (lowest inverse 

openess) and also the greatest domestic trade costs in the second panel, contributing to high 

consumption prices. 

Next, we calculate all the factors in the cost of living in (14) – including the output price,  

domestic trade costs, and openness – except for variety.  In Figure 3, the first panel plots the log 

of 
1 1

1
{[ ( ) ] / [ ( ) ]} ( / ) ( / )

Ti
sTi Ti

s s
S Ti i Tj j ii jj ii jj

s s s s s s s ss
PY PY



        
− −

=  against the consumption  

price of traded goods, 
TiPC . The cost of living (without variety) and the consumption prices are 

tightly clustered around the 45-degree line in the first panel of Figure 3. From the second panel, 

we see that slightly more countries have a cost of living (without variety) relative to the US that  

is lower versus higher than indicated by their consumption price level. Those with a cost of   
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Figure 3. Cost of living (without variety) due to productivity, openness and the domestic 

trade costs versus traded consumption price level (log scale, USA=0)  

 

Notes: The left-hand panel plots ln 𝐶𝑜𝐿𝑇𝑖  versus ln 𝑃𝐶𝑇𝑖 for the 47 countries in our analysis, with ln 𝐶𝑜𝐿𝑇𝑖  as 

defined in equation (14) (excluding the variety effects) and ln 𝑃𝐶𝑐
𝑇𝑖 computed as the price level of traded 

consumption, normalized to USA=1. The right-hand panel plots ln(𝐶𝑜𝐿𝑇𝑖 𝑃𝐶𝑇𝑖⁄ )  versus ln 𝑃𝐶𝑇𝑖.  

 

living below their relative consumption price include Russia, some countries in Eastern Europe 

(Croatia, HRV, Czechia, CZE, Estonia, EST, Hungary, HUN, Poland, POL, Slovakia, SVK and 

Slovenia, SVN) and many in Western Europe (Austria, AUT, Belgium, BEL, Denmark, DNK, 

France, FRA, Germany, DEU, Ireland, IRL, Luxembourg, LUX, the Netherlands, NLD, Spain, 

ESP, Sweden, SWE, Switzerland, CHE and the United Kingdom, GBR), as well as Canada 

(CAN) and Mexico (MEX). Denmark, Luxembourg and the Netherlands are extreme cases 

where the cost of living is more than 20% below their relative consumption prices.  

To understand these differences, we need to study the impact of the output price levels 

Ti
sPY . These output prices differ from the consumption prices 

Ti
sPC  because consumption prices 

include imports, whereas output prices include exports. These two variables therefore differ by 

the terms of trade. The terms of trade are constructed from the quality-adjusted export and 
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import prices estimated by Feenstra and Romalis (2014). As already mentioned, these prices are 

used in PWT to construct an aggregate output price, and here we follow much the same 

procedure to construct sectoral output prices.Specifically, to obtain the output prices we start 

with the price level of consumption for traded goods and net out the domestic trade costs (which 

we assume are identical for domestically produced and imported goods); then we add export 

prices; and finally, we net out tariff-inclusive import prices. This calculation gives (see  

Appendix A.2):    

 
𝑃𝑌𝑠

𝑇𝑖

𝑃𝑌𝑠
𝑇𝑗 = (

𝑃𝐶𝑠
𝑇𝑖 𝜏𝑠

𝑖𝑖⁄

𝑃𝐶𝑠
𝑇𝑗

𝜏𝑠
𝑗𝑗

⁄
)

1−𝜔𝑠
𝑋𝑖

1−𝜔𝑠
𝑀𝑖

(
�̃�𝑠

𝑋𝑖

�̃�𝑠
𝑋𝑗)

𝜔𝑠
𝑋𝑖

(
�̃�𝑠

𝑀𝑖

�̃�𝑠
𝑀𝑗)

−
𝜔𝑠

𝑀𝑖(1−𝜔𝑠
𝑋𝑖)

1−𝜔𝑠
𝑀𝑖

, 

(15) 

where �̃�𝑠
𝑋𝑖  and �̃�𝑠

𝑀𝑖 are quality-adjusted prices for exports and imports, 

25 while 
Xi
s  and 

Mi
s  are 

the associated Sato-Vartia weights. Substituting (15) into (14) we obtain:19F19F

26 
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 (16) 

To interpret the first line of (16), consider the simplified case where trade is balanced  

sector-by-sector, with 
Xi
s  =

Mi
s . In that case the first line starts with the weighted consumption 

price level. The next term, which is domestic trade costs, disappears when 
Xi
s  =

Mi
s  because it 

equally impacts the cost of living (on the left) and the consumption price level (on the right). The 

remaining terms on the first line are interpeted as the terms of trade, i.e., the price of exports 

relative to imports.  

 
25  These prices are obtained from Feenstra and Romalis (2014), where the quality-adjusted import price is measured 

net of tariffs since it is used to deflate duty-free imports in GDP. But here we measure it inclusive of tariffs. 
26  In Appendix Tables A5 and A6, we show the log values of the terms in (16) to provide a decomposition of the 

cost of living to relative to the consumption price level. 
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Figure 4. Openness versus the terms of trade by country (USA=1) 

 

Notes: This figure plots the openness of countries against their terms of trade, as defined in the main text.  

 

In the Melitz model, the beneficial impact of trade is measured by openness, which 

lowers the cost of living by appearing inversely on the second line of (16); but in ICP or PWT 

data, the beneficial impact of trade is measured by the terms of trade, which lowers the 

consumption price level as compared to the output price level. In Figure 4, we plot openness, i.e.,  

/

1
ln ( / )
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s

S ii jj
s ss

  
=

−  , against the terms of trade (i.e., the log of the term on the first line of 

(16) except for the consumption price level). We see that there is a positive correlation between 

the two, though with some outliers.  

Consider Denmark, Luxembourg and the Netherlands in Figure 4, which are very open 

but have terms of trade that are not much different than for the United States, i.e., close to unity. 

Their openness contributes to a low cost of living relative to the US, while having terms of trade 
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close to unity does not contribute to low consumption prices. As a result, these three countries 

have the lowest costs of living (without variety) as compared to consumption prices in Figure 3. 

Then consider Switzerland (CHE), which is somewhat more open that the US but has the highest 

terms of trade in Figure 4, which contributes to low consumption prices. As a result, its cost of 

living as compared to its consumption price is higher (i.e., close to USA = 0) in Figure 3. We 

conclude that openness versus the terms of trade contributes meaningful variation to the cost of 

living (without variety) relative to the consumption price level. 

B. Product Variety 

The main novelty of our approach is to incorporate product variety. As previously 

described, we will be using two measures of product variety: the count of barcodes and the count 

of firm. We should recognize, however, that the count of firms is potentially a proxy for “true” 

product variety.  Specifically, suppose that the firm-count measure of product variety 
i
sM , by 

sector s, is related to “true” variety 
i
sM  measured using the barcode count according to: 

    ln lni i i
s s s sM M  = + + .     (17) 

Differencing with respect to the United States as country j, and taking the weighted average  

across sectors to reduce the errors, we obtain:    

  ( ) ( )1 1
ln / ln /

S STi i j Ti i j ij
s s s s s ss s

M M M M   
= =

= +  ,   (18) 

with the error 
1

ln( / )
Sij Ti i j

s s ss
   

=
 . 

The ordinary least squares estimate of (18) is gives ˆ 2.03 =  (s.e. = 0.24). We conclude 

that taking approximately the square root of the firm count gives an estimate of variety that is 

reasonably close to that obtained from barcode count (for those countries where we have  
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both sources of data).27 Accordingly, we move 2   to the left of (18) and the variety effect in 

(16) becomes ( )11
ln / //

Ti
sS i ii j jj

s s s ss
M M




 

−=

 
−

  
  when measured with firm count. This is 

compared to the “overall” variety effect using the barcode count in Figure 5. It is clear that these 

two measures are highly correlated with very similar scales, and that most – but not all – 

countries have less product variety than the United States.28 From now on, we use approximately 

the square root of the firm count when measuring variety with those data. 29 

 
 

 

 
27 In Appendix A.3, we discuss what features of the firm and barcode counts lead to this “square root rule”. We 

show that the firm count in a very small country like Ireland is roughly 100x lower than in the United States, 

whereas the count of domestic barcodes is only 10x lower. That pattern is repeated for other small countries like 

New Zealand, leading to the square root relation. Evidently, the surviving firms in these small and very open 

countries have more product varieties per firm, on average, than in a large and less-open country like the United 

States (as suggested by the theoretical results in Feenstra and Ma, 2009). 
28 Our “overall” measure of product variety in Figure 5 is measure by the last term in (16), including its negative 

exponent, and is weighted across sectors. This figure shows that only the Netherlands has greater “overall” product 

variety than the US when measured using firm counts, by appearing below the USA=1 point, while Germany, Japan, 

the Netherlands and South Korea have slightly greater overall variety than the US when using barcode counts. 
29 To be precise, we use ˆ1 / 0.49 =  to transform the firm count, and we also take into account the standard error of 

this estimate to compute the 95% confidence intervals in Figures 6 and 7 for countries where we use firm counts. 
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Figure 5. Variety effects by country – firm count versus barcode count (USA=1) 

 

Notes: This figure plots the aggregate variety effect relative to the USA 

 

We combine the barcode and firm count datasets by using count of barcodes to measure 

product variety for the 24 countries for which those data are available and using approximately 

the square root (or ˆ1/ 0.49 = ) of the firm count for the other 23 countries for which barcodes are 

not available, for a total sample of 47 countries. Figure 6 shows the estimates of the cost of living 

– including product variety – versus the consumption price level. The 23 countries where the firm 

counts are used have a 95% confidence band around the cost of living, because of the error in 

estimating ̂ , while the countries where barcode data is used do not have a confidence interval.30 

 
30  In the Appendix, Figures A2 and A3 respectively, we show the cost-of-living results separately for the 46 

countries using firms counts (which excludes Colombia for which firm counts are not available) to measure product 

variety and for the 24 countries using barcode counts. As suggested by Figure 5, the overall variety effects using 

barcodes or firm counts are similar enough that Figure A2, using entirely firm counts, has much the same pattern as 
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Figure 6. Cost of living (with product variety) versus the traded consumption price level 

(log scale, USA=0)  

 
Notes: The left-hand figure plots ln 𝐶𝑜𝐿𝑇𝑖  versus ln 𝑃𝐶𝑐

𝑇𝑖 for the 24 countries with barcode counts (shown in blue) 

and the 23 countries with only firm counts (shown in blue, with confidence intervals). The variable ln 𝐶𝑜𝐿𝑇𝑖  is 

defined in equation (14) and  ln 𝑃𝐶𝑐
𝑇𝑖 computed as the price level of traded consumption, with 𝑃𝐶𝑇𝑖 and 𝐶𝑜𝐿𝑇𝑖  

normalized to USA=1. The right-hand figure plots ln(𝐶𝑜𝐿𝑇𝑖 𝑃𝐶𝑇𝑖⁄ )  versus ln 𝑃𝐶𝑇𝑖. 

 

The variety effect increases the cost of living in all countries relative to the United States, 

which has nearly the greatest variety. As a result, most countries have a greater cost of living 

relative to the US than indicated by their relative consumption prices (second panel). Only 

Belgium, Denmark, Germany, Luxembourg, and the Netherlands have a cost of living relative to 

the US that is lower than their traded consumption price level. A group of other countries have 

relative costs of living that are not substantially different from their relative consumption prices. 

This group includes several countries in Europe: Austria, Czechia, France, Hungary and the 

United Kingdom (GBR); along with China, Japan and South Korea.  

 
Figure 6, using mixed barcode and firm counts. The main difference is for Russia, which has more firms relative to 

the US than barcodes, and so its theoretical cost-of-living is lower when using the firm counts. 
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C. Variance Decomposition 

To further examine the relationship between 
TiCoL  and TiPC  and to understand how the 

different factors contribute to the their difference, we perform a decomposition of variance like 

that in Eaton, Kortum and Kramarz (2004). We take the difference between the “true” cost of  

 

living in (16) and the price of consumption,  

ln ln ln
Ti Ti Ti

Tj Tj Tj

CoL CoL PC

CoL CoL PC


     
 −          

     
,     (19) 

corresponding to the second panel in Figure 6. The log of all the terms appearing on the first line 

of (16) are denoted by 1 1ln( / )
jiZ Z , which we refer to as “trade costs plus the terms of trade”, 

since they include tariffs (in the import prices), domestic trade costs (when 
Xi
s

Mi
s ) and the 

terms of trade. The other terms appearing on the second line of (16) are denoted by ln( / ),
ji

k kZ Z

2,3,4,k =  which refer to the sectoral shares, inverse openness, and overall variety. We define 

ln( / ) ln( / ) ln( / ),
j j ji i i

k k kk k kZ Z Z Z PC PC  − as the difference with the consumption price level, and we 

run the regressions:  

0ln ln
k

k

i Ti

k kj Tj

Z CoL

CoLZ
   

   
  = +       

 ,  1,..., 4.k =    (20) 

These regressions aim to account for the cross-country variation in the difference between 

the relative cost of living and the consumption price level. Table 2 presents the results. By 

construction, the regression coefficients shown in Table 2 sum to unity, so we can interpret them 

as the portion of the variation in the cost-of-living difference relative to the consumption prices.  

In column (1), we ignore the overall product variety term, so we construct the cost of 

living as in (16) but without the final variety term. In that case, three variables explain the cost of 
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living (without variety): trade costs plus the terms of trade, the sectoral shares, and inverse 

openness. Using each of these as a dependent variable in the regression (20), we see that the 

trade costs plus the terms of trade explain about 11% of the variance in the cost of living relative 

to the consumption price level, the sectoral shares explain 3%, and inverse openness explains 

86% or the vast majority of the variance.  

In columns (2) and (3) we include product variety, measured by the (square root of) the 

firm count or by the barcode count, respectively.31 In either case, trade costs plus the terms of 

trade explain less than 10% of the variance in the cost of living relative to the consumption price 

level, and the sectoral shares account for only a slight (and insignificant) amount. Inverse 

openness now explains between 23% and 31% of the variance in the cost of living, while overall 

product variety explains between 62% and 68%. So product variety has overtaken inverse 

openness as the dominant explanation for how the cost of living across countries differs from the  

consumption price level. 

 

Table 2. Difference between the cost of living and the traded consumption price level 

 (1) (2) (3) 

 

No 

variety 

Firm 

count 

Barcode 

count 

Explanatory variable: ln(CoLTi/PCTi)  
  

Dependent variables: 
  

Trade costs and terms of trade 0.106 0.079 0.090 

      (0.063) (0.026) (0.056) 

Sectoral Share 0.033    0.020  -0.005 

  (0.313)   (0.015)  (0.025) 

Inverse openness 0.861 0.228 0.305 

  (0.080) (0.066) (0.139) 

Variety  0.673 0.611 

    (0.045) (0.106) 

 
31  The standard errors in column (2) are adjusted to reflect the error in estimating the (approximate) square root 

exponent that is applied to the firm counts (see note 27). 
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Number of countries 47 46 24 
 

Note: Each line in the table corresponds to a 𝛾𝑘 coefficient estimated from equation (20). Robust standard 

errors are in parentheses. 

 

IV. Results on Country Welfare 

 The above results have focused on the prices of tradable goods, for which we were able 

to collect measures of product variety. In this section, we extend those results by adding the 

prices of nontraded goods and by constructing a measure of welfare. We have not collected 

product variety or made any other adjustment to nontraded prices, but we simply combine them 

with our theoretical cost-of-living measure and with traded consumption price levels. By 

dividing consumption expenditure in each country by the theoretical cost-of-living CoL we 

obtain a theoretical measure of welfare and if we use the price of consumption 𝑃𝐶 we obtain real 

consumption. These measures are compared to each other, and we compare our welfare measure 

to that from Jones and Klenow (2016). 

A. Adding Nontraded Goods 

Countries differ substantially in who pays for nontraded products. For healthcare and 

education how much of these are purchased directly by consumers and how much by the 

government varies considerably across countries. Yet regardless of who pays for them—be it 

households, non-profit organizations or the government—these services are consumed. We thus 

use a measure of total consumption that includes these services, corresponding to the statistical 

concept of “actual individual consumption” (AIC) for international comparisons.32 

 
32 We only exclude net purchases of households abroad, which cannot be allocated to a type of products. In their 

macro-level comparison Jones and Klenow (2016) focus on an even broader measure of consumption that also 

includes expenditure on collective goods and services. Collective services make up 10–12 percent of the Jones-

Klenow consumption measure for most of our set of countries. 
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We rely on ICP data to calculate the price level of nontraded consumption that is 

included in AIC, denoted by 
NiPC  in country i. We add these nontraded prices into our previous 

calculation of the cost of living for traded goods consumption, to obtain: 

Ti Ni

i Ti Ni

j Tj Nj

CoL CoL PC

CoL CoL PC

 
   

       
   

,    (21) 

where the Sato-Vartia weights satisfy 1Ti Ni + =  (see Appendix A.2). Likewise the price level 

of AIC, inclusive of the nontraded services, is constructed as: 

Ti Ni

i Ti Ni

j Tj Nj

PC PC PC

PC PC PC

 
   

       
   

.    (22) 

We are adding the same nontraded prices to both the theoretical cost of living and to the price of 

consumption goods, so that procedure will tend to reduce any differences in these two measures. 

Our final step is to use (21) or (22) to deflate nominal AIC in US$ for each country relative to 

the United States, to obtain theory-based welfare (𝑈 =  𝐴𝐼𝐶/𝐶𝑜𝐿), as compared to real 

consumption (𝑅𝐶 =  𝐴𝐼𝐶/𝑃𝐶). 

The results are shown in Figure 7 where, as in Figure 6, we used barcode counts to 

measure product variety for the 24 countries where these data are available (shown in blue), and 

otherwise the (square root of) firm counts for another 23 countries. In the left panel of Figure 7 

we show the ratio of our theory-based welfare measured relative to real consumption. Because 

this figure is measuring welfare rather than the cost of living, it is roughly a mirror-image of the 

right panel in Figure 6. These are some differences, however, because we have incorporated 

nontraded prices.  Following countries from the left to the right, India (IND) and China appear 

first and has welfare from the Melitz model that is very close to real consumption. India had a 

higher cost of living relative to the US than its traded consumption price level in Figure 6, but its 
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high share of nontraded goods moves its welfare very close to real consumption in Figure 7. For 

the same reason, Indonesia (IDN) has welfare closer to real consumption in Figure 7 than we 

would expect from its relatively high theoretical cost-of-living in Figure 6. But aside from these 

differences, the set of countries with low theoretical cost-of-living in Figure 6 (Belgium, 

Denmark, Germany, Luxembourg and the Netherlands) are still the countries for which welfare 

exceeds real consumption in Figure 7. 

B. Comparison with Jones and Klenow  

Jones and Klenow (2016) propose a measure of welfare across nations that is meant to be 

much more inclusive that consumption, by also incorporating leisure, mortality and inequality 

into a single consumption-equivalent measure. Our analysis, in contrast, is a more restrictive 

measure of welfare from the Melitz model that incorporates openness and product variety. 

Despite the differences in our approaches, it is worth asking whether the cross-country variation 

in welfare – as compared to a conventional measure of real consumption – has any similarity in 

their analysis and in ours. We find that they do. 
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Figure 7. Ratio of theory-based real consumption to real consumption using ICP prices, 

versus real consumption (log scale, USA=0)  

 

Notes: The left-hand figure plots the natural log of the ratio of theory-based welfare (using barcode counts for 24 

countries, in blue, and firm counts for 20 countries, in red) to real consumption (based on ICP prices) against log 

real consumption, for 44 countries in our sample. Real consumption is computed by deflating AIC relative to the US 

by the Sato-Vartia price index in (22), unlike the GEKS price index that is used by the ICP. The right-hand panel 

plots the log of ratio of welfare from Jones and Klenow (2016) to real consumption (based on ICP prices), against 

log real consumption, for the matching 44 countries in their sample. 

 

 The Jones-Klenow measure of welfare relative to real consumption for a matching set of 

countries as in our study is shown in the right panel of Figure 7.33 The most obvious difference 

between the two panels is in the vertical scale of each: welfare in Jones and Klenow exceeds real 

consumption by up to 25 percent but can considerably lower as well. The most extreme 

difference is for South Africa, where Jones/Klenow welfare for is only 4.5 percent of the US 

level, while real consumption is 23 percent of the US level. Large differences are also seen for 

 
33  Not included are Hungary, Romania and Taiwan, which were not covered by Jones and Klenow (2016). The 

direct correlation of our theory-based welfare measure and the Jones-Klenow measure (both relative to the US) is 

0.93 in levels and 0.83 in logs. One reason that these correlations are high however, is that we have used ICP 

prices and AIC expenditures for nontraded goods in both our theory-based welfare and in real consumption, which 

is similar to the treatment of nontraded goods in PWT. Since Jones and Klenow also start with PWT data for real 

consumption (before adding leisure, mortality and inequality) our measure of welfare and theirs will be correlated 

for that reason. Dividing both series by real AIC as in Figure 7 eliminates that reason for correlation. 
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India (3.9 versus 7.4 percent) and China (6.6 versus 12 percent). Our measure of theory-based 

welfare differs by much less from real consumption, exceeding real consumption by up to 12 

percent (for the Netherlands) and the largest reduction is 19 percent (in the case of Malta). The 

smaller scale in our case is not surprisingly in view of the more limited scope of our welfare 

measure.  

Besides these differences, there are also similarities in the results. Many countries with 

low levels of real consumption have even lower levels of welfare, both in our results and in 

Jones-Klenow. This is most pronounced in India (IND), Indonesia (IDN), Colombia (COL) and 

South Africa (ZAF), but also seen at higher consumption levels, such as for Chile (CHL) or 

Lithuania (LTU). As we move to the right, in either panel of Figure 7, welfare moves closer to 

real consumption, with only small differences in, for example, Czechia (CZE), Japan (JPN) and 

Korea (KOR). 

The key difference between the two panels in Figure 7 is that welfare relative to the US 

in nearly all the Western European countries exceeds real consumption for Jones and Klenow, 

whereas in our case, welfare is higher only for Belgium, Denmark, Germany, Luxembourg and 

the Netherlands.  

 

V. Conclusions 

 The monopolistic competition model suggests that product variety is an important 

determinant of welfare. There are two challenges with evaluating this hypothesis. First, the most 

disaggregate data for measuring product variety – which is barcode data – is not typically 
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available across multiple countries with the same classification system.34  In the absence of a 

common classification system across many countries, we have relied on the count of barcode  

items from micro-data in the Billion Prices Project; and when those data are not available, on the  

simple count of firms as a proxy for variety. 

 Second, the literature on the gains from trade under monopolistic competition (Arkolakis, 

Costinot and Rodríguez-Clare, 2012) has emphasized the gains within a country when foreign 

variables change, such as trade costs. To evaluate welfare between countries, however, we also 

need to include different domestic variables – such as domestic trade costs, productivity and 

fixed costs, and home population. We develop a parsimonious expression for the “true” costs of 

living in the Melitz (2003) model that incorporates changes to all these domestic variables, and 

therefore endogenous changes in product variety. Because we compare the theoretical cost-of-

living with the price level of consumption as measured from ICP data, we also end up comparing 

the openness of a country (which lowers the theoretical cost of living) with the terms of trade 

(which lowers the price level of consumption relative to the price of output). Differences 

between openness and the terms of trade lead to commensurate differences between the cost of 

living and the consumption price level. 

 Before adjusting for product variety, more than half the countries in our sample  

have a cost of living from the Melitz model that is below their consumption price relative to the 

US. Those differences are principally explained by the countries’ openness as compared to their 

terms of trade. The United States, however, has higher product variety than nearly all other 

countries. Therefore, once we incorporate variety, the relative cost of living is raised in many 

 
34 When it is available, as Argente, Hsieh, and Lee (2020) for Mexico and the United States, and Beck and Jaravel 

(2021) for a broad set of countries, then it becomes possible to construct exact consumer price indexes as in Feenstra 

(1994). See also footnote 1. 

http://www.econ.psu.edu/~aur10/
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countries, and we find that only five countries – Belgium, Denmark, Germany, Luxembourg and 

the Netherlands – have costs of living relative to the US that are below their consumption prices. 

A further group of European countries – including Austria, Czech Republic, France, Hungary 

and the United Kingdom – along with China, Japan and South Korea have costs of living that are  

similar to their consumption prices relative to the US.  

We have also used cost of living and consumption price levels to compute a theoretical 

measure of welfare and compare it with real actual individual consumption across countries, 

while adding nontraded goods. Our theoretical measure of welfare varies inversely with the 

theoretical cost-of-living:  Belgium, Denmark, Luxembourg, Germany and the Netherlands have 

welfare relative to the US above real consumption, while much the same group of European 

countries, along with China, India, Japan and South Korea have relative welfare that is not 

substantially different from real consumption; the remaining set of countries have lower relative 

welfare. That pattern is more pronounced in Jones and Klenow (2016), where nearly all Western 

European countries have welfare relative to the US exceeding real consumption, whereas a 

smaller set of middle-income countries have lower welfare. It is surprisingly—but perhaps 

reassuring—that our narrow focus on the determinants of welfare in the Melitz model leads to a 

pattern of welfare across countries that has similarities to Jones and Klenow (2016), even though 

they focus on much broader determinants of welfare.  

Our results raise the question of whether product variety should be incorporated into real 

GDP as computed by the ICP and PWT or kept in a separate account that is intended for research 

use. Our preference is for the latter approach. Just like the factors incorporated into welfare by 

Jones and Klenow are “beyond GDP”, we believe that the results for product variety are too 

preliminary and the country coverage too limited to be included now in official statistics. Still, 
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we hope that with further research, the correction for product variety can become an accepted 

component of the cost of living and welfare across countries.  

  



41 

 

References 

Argente, David, Chang-Tai Hsieh, Munseob Lee. 2020. “Measuring the Cost of Living in 

Mexico and the US.” NBER Working Paper 27806. 

 

Arkolakis, Costas, Arnaud Costinot and Andrés Rodríguez-Clare. 2012. “New Trade Models, 

Same Old Gains?” American Economic Review, 102(1), 94-130.  

 

Arkolakis, Costas. 2010. “Market Penetration Costs and the New Consumers Margin in 

International Trade,” Journal of Political Economy, 118(8), 1151 – 1199.  

 

Cavallo, Alberto, and Roberto Rigobon. 2016. “The Billion Prices Project: Using Online Data 

for Measurement and Research.” Journal of Economic Perspectives, 30(2), 151–78. 

Cavallo, Alberto, W. Erwin Diewert, Robert Inklaar, and Marcel P. Timmer. 2018. “Using 

Online Prices for Measuring Real Consumption across Countries,” American Economic 

Review, 108, May, 483-487. 

Cavallo, Alberto, Robert C. Feenstra and Robert Inklaar. 2021. “Product Variety, the Cost of 

Living and Welfare Across Countries.” NBER Working Paper no. 28711. 

Chaney, Thomas. 2008. “Distorted Gravity: the Intensive and Extensive Margins of International 

Trade,” American Economic Review, 98(4), September, 1707-1721. 

 

Beck, Günter and Xavier Jaravel. 2021. “Prices and Global Inequality: New Evidence from 

Worldwide Scanner Data.” Siegen University and London School of Economics. 

Broda, Christian and David Weinstein. 2006. “Globalization and the Gains from Product 

Variety.” Quarterly Journal of Economics, 121(2), May, 541-585. 

Broda, Christian and David Weinstein. 2008. “Understanding International Price Differences 

Using Barcode Data.” NBER Working Paper 14017. 

Eaton, Jonathan and Samuel Kortum. 2002. “Technology, Geography and Trade.” Econometrica, 

70(7), September, 1741-1780. 

Eaton, Jonathan, Samuel Kortum and Francis Kramarz. 2004. “Dissecting Trade: Firms, 

Industries, and Export Destinations.” American Economic Review, 94(2), May, 150-154. 

Eaton, Jonathan, Samuel Kortum and Francis Kramarz. 2011. “An Anatomy of International 

Trade: Evidence from French Firms.” Econometrica, 79(5), 1453–98. 

Feenstra, Robert C. 1994. “New Product Varieties and the Measurement of International Prices,” 

American Economic Review, 84(1), March, 157-177 

 

Feenstra, Robert C., Robert Inklaar and Marcel Timmer. 2015. “The Next Generation of the 

Penn World Table,” American Economic Review, 105(10), October, 3150-3182. 

http://econ-www.mit.edu/faculty/costinot
http://www.econ.psu.edu/~aur10/
http://www.econ.yale.edu/~ka265/research/GainsfromTrade/GT_ACR.pdf
http://www.econ.yale.edu/~ka265/research/GainsfromTrade/GT_ACR.pdf
http://ideas.repec.org/a/ucp/jpolec/doi10.1086-657949.html
http://ideas.repec.org/a/ucp/jpolec/doi10.1086-657949.html


42 

 

Feenstra, Robert C. and Hong Ma. 2009. “Optimal Choice of Product Scope for Multiproduct 

Firms under Monopolistic Competition,” In E. Helpman, D. Marin and T. Verdier, eds., 

The Organization of Firms in a Global Economy, Harvard University Press, 173-199. 

Feenstra, Robert C., Mingzhi Xu and Alexis Antoniades. 2020. “What is the Price of Tea in 

China? Towards the Relative Cost of Living in Chinese and US Cities,” The Economic 

Journal, 130(632), November, 2438–2467. 

 

Handbury, Jessie and David E. Weinstein. 2015. “Goods Prices and Availability in Cities.” 

Review of Economic Studies, 82(1), 258-296. 

 

Jones, Charles I. and Peter J. Klenow. 2016. “Beyond GDP? Welfare across Countries and 

Time.” American Economic Review, 106(9), 2426-2457. 

 

Kathuria, Sanjay, Arti Grover, Viviana Maria Eugenia Perego, Aaditya Mattoo, and Pritam 

Banerjee. 2019. Unleashing E-Commerce for South Asian Integration. The World Bank. 

 

Melitz, Marc. 2003. “The Impact of Trade on Intra-Industry Reallocations and Aggregate 

Industry Productivity.” Econometrica, 71(6), November, 1695-1725. 

 

Perla, Jesse, and Christopher Tonetti. 2014. “Equilibrium Imitation and Growth.” Journal of Political 

Economy, 122 (1), 52–76.  

Perla, Jesse, Christopher Tonetti and Michael E. Waugh. 2021. “Equilibrium Technology Diffusion, 

Trade and Growth.” American Economic Review, 111(1), 73–128.  

Redding, Stephen J. and David Weinstein. 2020. “Measuring Aggregate Price Indexes with Taste 

Shocks: Theory and Evidence for CES Preferences.” Quarterly Journal of Economics, 135(1),  

503-560.  

Sampson, Thomas. 2016. “Dynamic Selection: An Idea Flows Theory of Entry, Trade and 

Growth,” Quarterly Journal of Economics, 131(1), February, 315–380. 

 

Simonovska, Ina and Michael E. Waugh. 2014. “Trade Models, Trade Elasticities, and the Gains from 

Trade,” NBER Working Paper 20495.  

 

UNCTAD 2017. “B2C E-Commerce Index 2017.” UNCTAD Technical Notes on ICT for 

Development, 2017. https://unctad.org/system/files/official-

document/tn_unctad_ict4d09_en.pdf. 

World Bank. 2014. Purchasing Power Parities and the Real Size of World Economies. A 

Comprehensive report of the 2011 International Comparison Program. World Bank: 

Washington: DC.  

http://ideas.repec.org/a/oup/restud/v82y2015i1p258-296.html
http://ideas.repec.org/s/ecm/emetrp.html
https://unctad.org/system/files/official-document/tn_unctad_ict4d09_en.pdf
https://unctad.org/system/files/official-document/tn_unctad_ict4d09_en.pdf

	I. Modeling Welfare Between Countries
	II. The Cost of Living: From Theory to the Data
	A. Sectors, Domestic Expenditures, Trade Costs and Productivity
	B. Product Variety
	C. Parameter Values

	III. Empirical Results on the Cost of Living
	A. Openness, Domestic Trade Costs and the Terms of Trade
	B. Product Variety
	C. Variance Decomposition

	IV. Results on Country Welfare
	A. Adding Nontraded Goods
	B. Comparison with Jones and Klenow

	V. Conclusions

