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ABSTRACT 
 
Increasingly, international trade policy analysis explores the economic effects of changes in ad-valorem 
tariffs, or ad-valorem equivalent non-tariff measures, on vertically integrated markets for which high 
quality data are not available. Standard Constant Elasticity of Substitution (CES) Armington models fail to 
account for either vertical linkages or parameter uncertainty. Here we introduce a modified Armington 
CES vertically integrated two-sector model, with nested Armington Elasticities, that incorporates 
uncertainty in the estimates of Armington Elasticities and market shares through a Monte Carlo 
simulation. As an illustrative case, we model the effects of changes in country of origin labeling (COOL) 
rules on the market shares of domestic and foreign cattle in the U.S. beef market. By accounting for 
parameter uncertainty in this way, we are able to illustrate the distribution of potential effects of 
repealing mandatory COOL. Moreover, we are able to decompose the effect of repealing COOL via its 
effect on relative prices, information available to consumers, and the quasi-general equilibrium effect. 
Finally, we uncover the conditions under which Canada and Mexico would benefit from the repeal of 
mandatory COOL by at least as much as they claim in their WTO filings against the regulation. 
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Overview 

One of the great challenges of economic policy analysis is incorporating uncertainty into model 

estimates. A common practice in analyzing international trade policy changes is to utilize 

estimates from industry level studies when parameterizing the Armington Constant Elasticity of 

Substitution (CES) partial equilibrium (PE) model. Additionally, one must obtain information on 

production quantities and market shares for all countries under consideration. These data are then 

treated as if they are known with certainty. However, in many cases, we estimate the effects of 

policies on very narrow markets for which even import and production data are collected with 

some error. We propose incorporating a series of simple Monte Carlo simulations to account for 

uncertainty in the Armington CES PE model’s parameter values and production information. 

Doing so allows the user to generate a distribution of possible economic effects given uncertainty 

in the information on model inputs. Ultimately, this allows the economist to produce estimates 

that are more robust to parameterization and more illustrative of the range of possible effects. 

Additionally, even in the world of PE modelling, where we focus on narrow markets and try to 

capture the most direct effects of policy changes, economists often want to analyze markets with 

strong vertical linkages. Failing to account for these linkages, which the standard Armington 

(1969) model does, might cause us to produce estimates of the economic impact of the potential 

policy change that are higher or lower than the true impact. Moreover, by not accounting for 

these linkages, we miss the broader multi-market dynamics of the effect of the policy. 

As an illustrative case, we construct a vertically integrated, nested CES Armington PE model 

that predicts the effect on market shares of a change in labelling requirement for cattle imported 

into the U.S. from Canada and Mexico. We contribute to the country of origin labeling (COOL) 

literature by explicitly modeling vertical linkages between production stages. Additionally, we 
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decompose the effect of the repeal of COOL through the change in relative prices (i.e. the 

Armington effect), the quasi-general equilibrium market expansion effect, and the change in 

information available to consumers (i.e. the information effect). Finally, we allow for uncertainty 

in parameter estimates and conduct sensitivity analysis through Monte Carlo simulation. 

This case is timely because Congress amended rules on Country of Origin Labeling (COOL) in 

the 2016 Consolidated Appropriations Act. As of 2016, mandatory country of origin labeling is 

no longer required for muscle cuts of beef and pork imported into the U.S. Previously, Congress 

had applied a COOL requirement on producers that imported cattle from Mexico and Canada and 

processed the animals in domestic feedlots or slaughterhouses. The repeal of this labeling 

requirement represents a decline in a trade cost, for beef imports from NAFTA countries, that is 

easily converted into a tariff equivalent. 

Additionally, the relaxation of country-specific labeling requirements reduces the amount of 

information available to consumers at purchase and thus affects how consumers and producers 

think about imports vis-à-vis the domestic variety. From the consumer perspective, they will be 

less aware of the difference between foreign and domestic varieties after the rule change, so we 

would expect the rule change to affect the Armington elasticity by increasing the willingness to 

substitute between foreign and domestic varieties of a given product as well as between two 

foreign varieties. This suggests that we should consider modeling the rule change not only as an 

import tariff equivalent reduction on NAFTA beef imports but also as a positive shock on the 

willingness to substitute between foreign and domestic varieties and across foreign varieties. We 

are able to decompose the effect of repealing COOL via its effect on relative prices, information 

available to consumers, and the quasi-general equilibrium market expansion effect. 
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The paper proceeds as follows. First, we derive the market share equations for our model and 

incorporate Monte Carlo simulation. We then introduce our COOL case study, present our 

results, and conclude. 

Derivation of Market Share Equations 

The Armington (1969) CES model is standard in the economics literature and easy to use and 

customize. As figure 1 shows, the model assumes customers (consumers or firms) choose 

between an array of goods from a sector of interest offered by domestic (U.S.) or foreign 

suppliers (F). Consumers are willing to substitute between foreign and domestic units at a 

constant rate, where the elasticity of substitution is (α).1 The model works for any value of α. 

However, we would expect the elasticity to have a value greater than one since in this case a fall 

in the price of good j, ceteris paribus, improves its competitiveness and thus its market share.2 

We might think it unrealistic to assume that consumers are willing to substitute between foreign 

and domestic goods at the same rate that they would substitute between two units from different 

foreign countries. In figure 2, we divide the foreign branch of the tree into Canada and Mexico 

branches. Here α is the foreign-domestic elasticity of substitution and β is the intra-foreign 

elasticity of substitution. Therefore, we have nested a second branch within our original tree, 

such that feedlot companies that choose to stock their facilities with foreign calves may also 

choose the import country of origin. 

Finally, because the U.S. cattle industry is a vertically structured, multi-sector industry and the 

change in labelling requirements could affect the upstream and downstream asymmetrically or 

generate feedback loops, we change our conceptual framework to the one pictured in figure 3. 
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Here we have feedlots that buy calves from farms and then sell mature cattle to slaughterhouses. 

We allow for a nested CES structure at both the upstream and the downstream stages. 

Here we provide technical details for expanding the standard one-sector Armington (1969) CES 

PE model to a vertical, multi-sector nested CES model. While we specifically derive a two-

sector, two nest CES model, the technique described here can be generalized to any number of 

nests and any number of vertically linked sectors. Moreover, we account for parameter 

uncertainty via Monte Carlo simulation. 

In our applications, we directly observe initial market shares. We calculate the ad-valorem 

equivalent of the proposed policy change and simulate the elasticities of substitution via Monte 

Carlo simulation. While we do not observe prices, we normalize them to one and use shift 

parameters calibrated to initial, observed market shares. We will derive a three country model: 

the domestic market (U.S.), Canada, and Mexico. A three country model is sufficient because 

Canada and Mexico are de-facto the U.S.’s only trading partners in the live cattle market. 

Although we only use three countries here, we could easily extend the model to any number of 

countries. 

In the basic Armington CES model (figure 1), the market share for good j from country c is a 

function of its price relative to the price of good j from all countries, taste parameters, and the 

elasticity of substitution. We can modify the standard result from Armington (1969) and derive 

simple equations for the market shares for domestic and foreign calves in U.S. feedlots3. These 

equations are 

1
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The market shares sum to one, and the shift parameters ( ,U Fγ γ ) also sum to one. 

1 2 1ϕ ϕ+ =      (3) 

1U Fγ γ+ =     (4) 

To incorporate different rates of substitution between domestic and foreign units and across 

foreign varieties (see figure 2), we replace FP with a price index that incorporates the prices from 

Canada and Mexico.4 The procedure would be the same if U.S. feedlots imported from more 

foreign countries: we would add the prices for each of these import countries into the index.   
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We calculate the value shares of Canadian and Mexican calves in U.S. feedlots as 

, , * , ,C FU F FU C F FUS S S=      (7) 

1 1

31 1 1 1

, ,,
, , , ,

F F FU C C FU
C FU

U U FU F F FU C C FU M M FU

P PS
P P P P

α β

α α β β

γ ρ ϕ
γ γ ρ ρ

− −

− − − −

   
= =   + +   

     (8) 

, , * , ,M FU F FU M F FUS S S=      (9) 

1 1

41 1 1 1

, ,,
, , , ,

F F FU M M FU
M FU

U U FU F F FU C C FU M M FU

P PS
P P P P

α β

α α β β

γ ρ ϕ
γ γ ρ ρ

− −

− − − −

   
= =   + +   

     (10) 



8 
 

where 

2 3 4ϕ ϕ ϕ= +      (11) 

The shift parameters ( , , ,U F U fγ γ ρ ρ ) are necessary because we may not be able to observe the 

prices paid by U.S. feedlots but only the market shares of U.S., Canada, and Mexico’s calves 

purchased by U.S. feedlots. With this flexibility, we do not need prices, which are exogenous in 

the model. Consequently, we normalize all prices to one and calibrate the shift parameters such 

that, when all prices are one, the initial calculated market share values match the actual observed 

market shares. To calculate Mρ  we substitute equation (10) into equation (8), rearrange terms, 

and use (6). Once we solve for Mρ , we calculate Cρ  using equation (6) again. Thus, those shift 

parameters are 
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To calculate Uγ we substitute equation (2) into equation (1), rearrange terms and use (4). Once 

we solve for Uγ , we calculate Fγ  using equation (4) again. The resulting equations are 
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In the downstream market, slaughterhouses, the market shares for slaughter animals from US 

feedlots and foreign feedlots are 

1
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where 

, , 1U SU F SUS S+ =      (18) 

Again, to incorporate the nested CES function we change the foreign price to a price index, 

where the shift parameters (θ’s) sum to one. 

1
1 1 1, , ,F SU C C SU M M SUP P Pϑ ϑ ϑθ θ− − − = +       (19) 

1C Mθ θ+ =      (20) 

The domestic price for slaughter animals from U.S. feedlots is itself an index of prices paid for 

calves from domestic and foreign farms. 

1
1 1 1, , ,U SU U U FU F F FUP P Pα α αγ γ− − − = +       (21) 

1U Fδ δ+ =      (22) 

We calculate the market shares for Canadian and Mexican slaughter animals as 
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We derive the closed form of the expressions for the shift parameters in the downstream market 

following the preceding process. We substitute equation (26) into equation (24), rearrange terms, 

and utilize equation (20). Once we solve for Mθ , we calculate Cθ  using equation (20) again. 

Thus, those shift parameters are 
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To calculate the deltas we substitute equation (17) into equation (16), rearrange terms, and utilize 

equation (22). Once we solve for Fδ , we calculate Uδ  using equation (22) again. Thus, those 

shift parameters are 
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The repeal of COOL can affect the model via three pathways: by changing relative prices across 

countries (the traditional Armington effect), by changing relative prices between beef and other 

meats at the consumer level (the beef market expansion effect), and by changing the information 

available to consumers (the information effect). The latter occurs because repeal COOL reduces 

the country of origin information available to consumers at the retail level so while consumers 

have different preferences for beef by country of origin they are less able to distinguish between 

these products. Therefore, we model this effect as a change in elasticities of substitution. 
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Equation (31) is the cross-price elasticity of U.S. market share at the feedlot level to a change in 

the foreign price at the feedlot level. The model predicts that, for values of α  greater than 1, a 

decline in the foreign price will lead to a decline in U.S. market share. 

Equation (32) is the elasticity of U.S. market share with respect to the domestic-foreign 

substitution elasticity ( )α . The model predicts that for a given decline in the foreign price 

relative to the domestic price, the magnitude of the resulting decline in U.S. market share will 

increase the larger the increase in α . Therefore, if during COOL consumers have low 

willingness to substitute between foreign and domestic beef but after the repeal of COOL their 

elasticity of substitution increases to the maximum value of 10, then the information effect of a 

given price change will be larger.5 

Lastly, we capture how relative prices changes in foreign imported versus domestic cattle affect 

the size of the beef market. To capture this quasi-general equilibrium effect, we include a final 

downstream retail sector where consumers can substitute between sources of meet, in our case 

beef or non-beef. 

1  
,

, 91  1  
, ,

S B U B
US Beef

B U B NB U NB

P
P P

λ

λ λ

ω
ϕ

ω ω

−

− −= =
+

    (33) 

The model predicts that a decline in price of beef relative to non-beef will cause consumers to 

substitute away from non-beef. From the perspective of the U.S. beef market, a decline in the 

price of U.S. beef will result in an expansion of the beef market. 

In this application, we assume that the market prices for cattle and input factors are exogenous. 

This assumption has two effects. First, the shocks to market prices can have pass-through effects 
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only from upstream to downstream. Second, in the post-COOL partial equilibrium beef prices 

will vary across countries. One can think of this equilibrium as the short-run partial equilibrium 

before factors have had time to shift across country markets, or the result lower information 

available to consumers. 

Monte Carlo Simulation 

When one uses the Armington CES partial equilibrium models to simulate the effects of a 

change in tariff rates on a narrow market or group of products, they often have imperfect 

information on production and market shares and insufficient information to estimate 

econometrically some or all of the key parameters of the model (e.g. the Armington elasticities, 

etc.). To account for this uncertainty, we draw our inputs (X) from a series of independent, 

continuous uniform distributions where the upper and lower bounds of the distribution represent 

the range of economists’ estimates of the inputs (X), or their natural bounds.  Formally, we 

denote each such input (X) as 

[ ]~ ,iid
X XX U L U      (34) 

We choose to draw from a uniform distribution, a flat prior, because for each of our X parameters 

we have information on only the bounds of their domain, but not on the distribution from which 

they are drawn. Given this, we want to draw from the uniform distribution where any parameter 

value between the lower and upper bounds are equally likely. Drawing from this distribution 

incorporates the maximum amount of uncertainty into the model. In our application, we estimate 

the lower and upper bounds using industry information. In general, though, if we had an 

econometric estimate of a parameter, for example an Armington elasticity, we would sample that 
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parameter from the t-distribution using the estimated mean and standard deviation. Additionally, 

in some cases, inputs have natural bounds.6 

We draw a value from the distribution, insert the draw as an input into the model, solve the 

model, and record the result. We then repeat this procedure a large number of times to derive the 

distribution of the effects of the policy in question on the outcomes of interest.  

We can treat all of the inputs in the model (e.g. Armington elasticity of substitution, change in 

ad-valorem tariff rate, market shares, etc.) as variables that are observed imperfectly and 

simulate their values as described above. Doing so allows us to incorporate additional 

uncertainty into the model and determine if the range of parameter values affects the signs and 

general magnitude of the results.  

A COOL Case Study 

COOL Overview 

U.S. Country of Origin Labelling (COOL) requirements for retail beef emerged from the 2008 

U.S. Farm Bill and first went into effect in March of 2009. The COOL requirements called for 

meat from cattle not born, fed, and slaughtered exclusively in the United States to be labelled for 

consumers as a product of “Country X” and the United States. This provision also applied to 

cattle born and raised exclusively in the United States but commingled during production with 

livestock of other origins. In order to be labelled exclusively as a product of the United States, 

meat had to be sourced from cattle born and raised in the U.S. and kept wholly separate from 

foreign livestock throughout their lives (AMS Final Rule, 2009). 



14 
 

In the United States, beef is generally imported at either the feedlot (“upstream”) or the 

slaughterhouse (“downstream”) level of production, rather than at the retail level. U.S. feedlots 

are overwhelmingly populated by domestic cattle, but the United States also imports feeder 

calves from Canada and Mexico. These animals all end up at domestic slaughterhouses, 

supplemented by U.S. cattle from other sources (such as pastured-raised cattle) and imports of 

“fed” (slaughter-ready) cattle from Canada (see figure 4). The United States imports a negligible 

quantity (less than 0.01%) of its fed cattle from Mexico (ERS, 2014). 

In December of 2008 Canada, joined later by Mexico and several other countries, filed a dispute 

with the WTO, claiming that the COOL requirements negatively impacted the competitiveness 

of foreign-sourced beef in the U.S. market. As the primary complainants, Canada and Mexico 

asserted that the regulations incentivized U.S. producers, especially upstream producers, to 

discriminate against imported cattle due to cattle segregation and reporting related compliance 

costs, as well as potential asymmetry in consumer tastes (WTO July 2015). COOL requirements 

mandated that feedlot and slaughterhouse owners keep cattle of domestic origin separate from 

other cattle to avoid mixed-origin labelling, as well as document and report each animal’s 

country of origin to ensure compliance (AMS Final Rule 2009). 

In its filing, Canada claimed 552 million CAD in lost export revenue from feeder and slaughter 

cattle, as well as 503 million CAD in lost export revenue from feeder and slaughter pigs, which 

were also covered under the original COOL regulations. In 2015, the WTO ruled in favor of 

Canada and authorized suspension of concessions at value of up to 1.055 billion CAD per year. 

In response to this ruling, the United States chose to drop the COOL requirements for beef and 

pork in February of 2016. Consequently, producers no longer have to incur costs to prevent 

commingling, to maintain country of origin records, or to manufacture the necessary labelling. 
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Much of the existing literature on equilibrium modeling and COOL concerns itself with the 

incidence of compliance costs and changes in domestic producer and consumer welfare rather 

than changes in trade. Several papers published prior to the implementation of mandatory COOL 

in the U.S. attempt to predict the domestic effects of the anticipated policy. Using an equilibrium 

displacement model with four stages (farm, slaughter, wholesale, and retail), horizontal linkages 

to pork and poultry, and sampling elasticities from uniform distributions, Brester, et al.(2004) 

show that a fixed increase in producer costs due to COOL compliance lowers domestic producer 

surplus at all stages. Lusk and Anderson (2004) employ a similar model, but with fixed 

elasticities and allowing for differentiation between foreign and domestic meats, and find similar, 

though smaller, producer surplus losses.  

By contrast, comparative static general equilibrium models suggest mandatory COOL labeling 

may have market share enhancing effects for imported varieties in the United States. Jones, 

Somwaru and Whitaker (2009), from the USDA ERS, use an internally developed global static 

general equilibrium model to analyze U.S. and global welfare impacts of mandatory COOL, 

assuming no consumer preference for labeling. Using their agency’s point estimates of 

compliance costs, they simulate the ten-year effect of implementing COOL in 2004, the model’s 

base year, and find that U.S. cattle imports would actually increase due to a decrease in domestic 

cattle supply. 

Partial equilibrium analyses of other commodities affected by COOL consistently show that 

COOL reduces importers’ share of the U.S. market, though magnitudes vary by product. Rude, 

Iqbal, and Brewin (2006) develop a partial equilibrium non-spatial model with vertically 

integrated hog and pork sectors and analyze United States and Canadian welfare changes caused 

by quantity limits on pork imports from Canada to the United States. They find welfare losses for 
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Canadian hog producers in all cases, and gains for Canadian pork processors as U.S. hog imports 

decrease. Johnecheck, et al.(2010) find mandatory COOL may reduce the U.S. market share of 

Mexican tomato exporters by as much as 20%, though results are sensitive to parameterization 

and the assumed compliance costs. Employing an imperfect competition and heterogeneous 

preferences framework in the U.S. apples market, Plastina, et al. (2011) conclude that importer 

welfare is always lower under COOL but that domestic producer welfare and consumer welfare 

are higher when compliance costs are low. 

Data 

We derive estimates of U.S., Canadian, and Mexican market shares in U.S. feedlots and U.S. 

slaughterhouses using data and analysis released in the U.S. Trade Representative’s (USTR) 

filling to the WTO in 2015. 

The USTR cites data on cattle imported in 2014 for feeding and slaughter from the U.S. Census 

Bureau and the US Department of Agriculture Economic Research Service (ERS). In 2014, 

virtually all cattle imports were from Canada or Mexico. USTR calculates prices per head on 

Canadian and Mexican feeder cattle by dividing the total import value of feeder cattle by the 

quantity imported by each country. They similarly assess the price per head of Canadian fed 

cattle imported for slaughter. The USTR does not provide an estimate of the value of Mexican 

imported fed cattle, likely because those animals accounted for less than 0.01% of total cattle at 

U.S. slaughterhouses in 2014. To obtain a price per head on cattle born and raised in the U.S., the 

USTR uses prices per hundredweight on feeder and fed cattle from the ERS, multiplied by the 

average weight of a domestic feeder calf or fed steer. 
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To distinguish in price between cattle imported for slaughter and cattle imported into U.S 

feedlots and finished in the United States, we calculate the estimated value at slaughter of 

imported Canadian and Mexican feeder calves (see table 1). First, we find the “value added” at 

U.S. feedlots to determine how the value of a feeder calf would change between feedlot and 

slaughterhouse. Our “value added ratio” is the U.S. fed cattle price divided by the feeder calf 

price, representing the percent value added through feeding. We then multiply this ratio by the 

import value of Mexican and Canadian feeder calves to obtain an estimated price per head, at 

slaughter, on imported Canadian or Mexican feeder cattle. 

To calculate the total value of all cattle brought into U.S. slaughterhouses, we add the total value 

by country of cattle imported at the feedlot level to the value of any additional fed cattle brought 

in from Canada or alternate U.S. sources. Using these values, we calculate market share in 

percentage terms for each country at both the upstream and downstream stages of production 

(see table 2). 

Using the USTR’s estimated cost per head of COOL compliance, we also generate an ad valorem 

tax equivalent on Canadian and Mexican steers at both the feedlot and slaughterhouse stages. 

The USTR claims that the total cost of compliance per steer is 9 USD. They derive their estimate 

from the USDA’s 2009 Regulatory Impact Analysis report on COOL. According to USTR’s 

analysis, producers incur 25% of the cost ($2.25) at the feedlot stage and 75% ($6.75) at the 

slaughterhouse stage for cattle imported at the upstream level. By contrast, for fed cattle 

imported for slaughter, producers bear the full $9 cost upon import. We calculate the ad valorem 

tax equivalents for foreign cattle at each stage by dividing the stage-specific COOL cost by the 

value per head of cattle at that stage (see table 3). 
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Because downstream U.S. producers receive Canadian cattle from both Canadian and U.S. 

feedlots (refer to figure 4), we calculate the ad valorem tax equivalent for Canadian fed cattle as 

a weighted average of the ad valorem tax on Canadian fed cattle and U.S.-fed cattle of Canadian 

origin. The weights used are the proportion of Canadian steers in U.S. slaughterhouses coming 

from Canadian versus U.S. feedlots (see table 3). 

We calculate beef’s estimated U.S. retail meat market share using USDA figures on per-capita 

annual consumption (in pounds) of beef, chicken, and pork, and annual average retail prices per 

pound of the same commodities. We multiply these values to produce average annual per capita 

spending figures for beef, chicken and pork in 2014. Of the total average per capita spending, 

spending on beef accounts for about 48%. 

Estimation 

We estimate the effect of COOL labelling on domestic (U.S.) market shares in the beef market 

using our vertically integrated two-sector, three country partial equilibrium model. To 

demonstrate the usefulness of our modelling tool and to check the robustness of our estimates, 

we sample all four Armington substitution elasticities from individual continuous uniform 

distributions that span the entire qualitative bound from (1, 10].7  Additionally, we further allow 

consumers to substitute between beef and all other meats. We sample this inter-meat elasticity 

from a uniform distribution in the interval (1,10]. 

Our simulation procedure is as follows. We first draw our elasticity and initial market share 

parameters. Using this information, we set all of the quality adjusted prices to unity and calibrate 

the model to the initial market share data by adjusting the shift parameters. Next, we shock the 

model by reducing the foreign prices by the COOL AVE at each level by country and calculate 
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the changes in the market shares. These changes come via the Armington effect of the price 

change due to the repeal of COOL. Then we increase all of the Armington elasticities to 10 and 

re-estimate the model. The second set of changes in market shares are the combined effect of the 

change in relative prices and the change in information. Finally, we subtract the first set of 

changes in market share from the second set. The resulting terms are the changes in market share 

due only to the change in information. 

To allow for uncertainty in the USDA’s estimates of beef market shares, we also sample market 

shares for each country’s variety in both the upstream and downstream sectors. We use our 

derived market shares as the midpoints of the sampling uniform distributions and set symmetric 

bounds around those midpoints. We constrain the bounds such that the sum of the sampled 

market shares exactly equal 100%. We present the ranges of sampled parameters in table 4. 

Using this data, we run our model 100,000 times. 

According to Canada and Mexico’s filings with the WTO, if COOL were repealed Canada would 

see a 0.46 percentage point increase in upstream market share and a 0.31 percentage point 

increase in downstream market share, based on the size of the U.S. cattle market. Mexico would 

see a 0.52 percentage point increase in upstream market share, which would translate (using the 

U.S. feedlot value added ratio) into a 0.49 percentage point increase at the downstream level. To 

evaluate these claims, we run the Monte Carlo simulation to determine under what conditions the 

repeal of COOL would indeed results in market share gains at or above these threshold values. 

Results 

We first run the simulation using our calculated ad valorem equivalents for COOL compliance 

costs. We report the distribution of total changes in market shares, as well as the decomposition 
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of effects by type, in tables 5 and 6. The means and ranges of the Armington and information 

effects are nearly identical for all countries at both levels, and the market expansion effects are 

very small for Canada and Mexico, on the order of 0.0001 percentage points. While the 

Armington and information effects have very similar overall distributions, they are only 

simultaneously of the same sign and general magnitude when the domestic-foreign Armington 

elasticity is near the middle of its possible range of values. As illustrated in figure 14, when the 

elasticity takes a value near either tail of the distribution, the two effects diverge. Although we 

only show the effect on Canada’s market share at the feedlot level here, we obtain similar results 

when comparing effects for all countries at all levels. 

As seen in the data, in this round of simulations Canada and Mexico do not gain back their 

claimed losses in market share with the repeal of COOL even under extremely relaxed 

assumptions on initial market shares and Armington elasticities. The largest gain in market share 

for either Canada or Mexico is less than 0.12 percentage points at the upstream level and 0.23 

percentage points at the downstream level. These upper bound estimates are significantly lower 

than what either Canada or Mexico claim in their WTO filings. On average, the effects are even 

smaller; Canada gains only 0.023 points at the upstream level and 0.011 at the downstream, and 

Mexico gains 0.056 and 0.114 percentage points at the upstream and downstream levels, 

respectively. Figures 5 and 6 illustrate the distribution of overall market share effects. 

To determine the conditions under which the repeal of COOL would generate market share gains 

in line with Canada and Mexico’s claims, we run a second set of 100,000 simulations assuming 

that COOL compliance costs are an order of magnitude higher than in the first simulation8. 

Tables 7 and 8 report the decomposition of effects on market shares in this second round, and 

figures 7 and 8 illustrate the distributional results. In the downstream, the total market share 
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changes were almost always greater than the “threshold” WTO values; in the upstream, however, 

the effects surpassed threshold values only for Mexico and only under certain assumptions on 

parameter values. 

For Canada at the feedlot level the maximum market share increase is only 0.35 percentage 

points; there are still no cases where the gains reach or surpass the threshold value of 0.46 

percentage points. Canada does, however, always gain back its stated level of damages in the 

downstream; in fact, the minimum overall gain in Canada’s downstream market share is nearly 

0.07 percentage points higher than the threshold. In 61% of cases, Mexico reaches the threshold 

level at both the upstream and downstream levels, although it reaches the threshold in the 

downstream in over 95.7% of cases.  

On average, Canada gains 0.250 percentage points in the upstream and 1.35 in the downstream, 

while Mexico gains 0.648 in the upstream and 1.614 in the downstream. These results suggest 

that raising the AVE tariff estimate by an order of magnitude is sufficient to generate 

downstream market share gains of corresponding magnitude to the WTO filings, when 

accounting for changes in both production costs and substitution elasticities. Notably, while on 

average the market share effects are much greater in the second simulation, the total ranges of 

effects are also much wider. 

To illustrate the value of the Monte Carlo simulation in estimating policy effects, we discuss the 

distribution of Armington effects, which vary more across the WTO thresholds than the total 

market share changes. When considering only the Armington effects, increasing the magnitude 

of COOL compliance costs generates gains in line with the WTO filings only under certain 

conditions. For Canada, the Armington effect on changes in market share exceeds 0.46 
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percentage points in the upstream in only 45 cases (0.045%). In the downstream, however, the 

Armington effect meets or exceeds 0.31 percentage points in 68% of cases. Overall, the 

threshold values are met at both levels in only 0.03% of cases. For Mexico, the Armington effect 

by itself generates the necessary market share gains in 16% of cases in the upstream and 57% in 

the downstream, though with an overlap in only 9.5% of cases. 

The following sections discuss the differences in the distribution of parameters between the 

overall set and the “threshold” set of cases, where the Armington effects are large enough to 

account for the damages filed with the WTO.  Unless stated otherwise, all differences in means 

are statistically significant. 

Cases where Canada’s upstream Armington market share gains are greater than 0.46 

percentage points 

Canada recoups more than its claimed damages in upstream market share through Armington 

effects in only 45 cases. Strict assumptions must be placed on both market shares and Armington 

elasticities in order to generate sufficiently high gains (see table 9). Canada’s initial feedlot 

market share is always greater than 1.76%, at the top end of the overall distribution, and thus 

initial US upstream share is always less than 96.5%. Mexico’s share is bounded between 1.6% 

and 2.9%, near the center of its overall distribution (see figure 9C). 

One must also assume that substitution between domestic and foreign cattle is almost perfectly 

elastic (alpha > 9.2) but that substitution between Canadian and Mexican cattle is relatively 

inelastic (beta < 3.2) in order to generate Canadian upstream market share gains greater than 0.46 

percentage points in this model. Canada benefits from a low foreign-foreign Armington elasticity 

because its relative cost of COOL compliance is lower; Canadian cattle are more valuable than 
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Mexican cattle on import and thus their fixed costs per head are more diluted when converting to 

an AVE tariff. When COOL is repealed, therefore, the relative price of Canadian cattle versus 

Mexican cattle increases (given that initial prices in the model are normalized to one) and 

Canadian market share suffers from high substitutability between foreign varieties. 

Cases where Mexico’s upstream Armington market share gains are greater than 0.52 percentage 

points 

The positive Armington effect on Mexico’s feedlot market share gains is greater than 0.52 

percentage points in 16% of cases. Both high initial market share and relatively high domestic-

foreign and foreign-foreign Armington elasticities contribute to higher gains. According to the 

simulation results, in order to generate gains that surpass the threshold value one must assume 

that the domestic-foreign Armington elasticity is greater than 4.76 and that Mexico’s initial 

market share is greater than 1.5% (see table 10). 

In addition to being bounded at the low end at 4.76, and the distribution of domestic-foreign 

Armington elasticities in the threshold cases is also heavily skewed to the right (see figure 10D). 

The average foreign-foreign Armington elasticity is only slightly higher in the threshold cases 

and till spans the full range of values, but the distribution is skewed right as well (figure 10E). 

In the threshold cases Mexico’s initial feedlot market share is significantly higher and somewhat 

more normally distributed around a greater mean, 2.7% versus 1.8% overall (figure 10C). 

Consequently, initial US feedlot market share is never greater than 97.5% in the threshold cases, 

and Canada’s feedlot market share is also slightly lower on average. 
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Cases where Canada’s downstream Armington market share gains are greater than 0.31 

percentage points 

Canada’s downstream Armington market share gains surpass the threshold in over two-thirds of 

cases (68%). Because of this, none of the sampled parameters of interest, save for domestic-

foreign Armington elasticity, are very different in distribution from the overall set of cases (see 

figures 11A-11E). In the threshold cases, the domestic-foreign Armington elasticity is bounded 

from below at 2.578 (see table 11), though it is still fairly uniformly distributed over its more 

limited range. 

Cases where Mexico’s downstream Armington market share gains are greater than 0.49 

percentage points 

Mexico actually gains more than its claimed downstream market share losses through Armington 

effects alone in 57% of cases. Although this occurs at virtually all values of the primary 

parameters (domestic-foreign Armington elasticity is bounded from below at 1.694 and initial 

Mexican market share at 0.4%, see table 12), it is much more likely when Mexico’s initial 

market share is higher and when both domestic-foreign and foreign-foreign Armington 

elasticities are greater. Initial US downstream market share is heavily skewed left, with much 

lower density at the high end of the distribution (see figure 12A), and domestic-foreign 

Armington elasticity is similarly skewed right in addition to having slightly stricter bounds in the 

threshold cases (figure 12D). 
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The Information Effect 

As previously stated, when accounting for all three kinds of market share effects, Canada and 

Mexico’s gains surpass the threshold in many more cases overall. Since the market expansion 

effects are still very small in the higher AVE round, the majority of this boost in gains comes 

from the inclusion of the information effect. 

The exception to this boost is Canada’s change in upstream market share, which diminishes 

when accounting for changes in consumer information. Because the Armington elasticities must 

reach extreme values in order for Canada’s share to cross the threshold in the upstream, in the 

cases where the Armington effect is large enough the information effect on Canada’s upstream 

market share is always negative, bounded between -0.13 and -0.19 percentage points (see table 

9). Thus, although when examining only Armington effects Canada does surpass the threshold in 

a very small subset of cases, it never does so when examining total effects. 

When all three effects are accounted for, larger initial market share appears to be the single key 

factor in determining Mexico’s gains from COOL repeal. In the threshold cases, Mexico’s initial 

upstream market share is significantly higher in the threshold cases, 0.023 on average versus 

0.018 overall (see table 13). The shape of the distribution is actually very similarly uniform 

between the overall and threshold set of cases (see figure 13C), but in the threshold cases 

Mexico’s initial market share is never less than 0.015 percentage points. Interestingly, when the 

information effect is also accounted for, the influence of the Armington elasticities disappears; as 

seen in figures 13D and 13E, the distributions of elasticities between the overall and threshold 

cases are nearly identical. 
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Conclusion 

We introduce a vertically integrated, nested CES model to estimate the impacts of changes in 

COOL regulations. The vertical structure makes the standard CES model applicable for 

analyzing vertically integrated markets with both forward and backward linkages. We further 

incorporate a Monte Carlo simulation that allows the user to draw parameter values from a 

continuous uniform distribution. This allows for the introduction of uncertainty into parameter 

estimates and reduces the ex-ante research burden of economists by only requiring them to 

provide ranges for their parameter estimates. Moreover, it allows the user to produce a 

probability distribution of policy effects and determine how sensitive outcomes are to changes in 

parameter values. The latter is particularly important when outcome estimates cross important 

thresholds. In these cases, it is important to determine what factors drive these outcomes and 

what factors are irrelevant. 

Furthermore, we are able to contribute to the literature by decomposing the effect of the repeal of 

COOL on market share through the change in relative prices (Armington effect), beef market 

expansion, and the change in information available to consumers. We show that the information 

effect is, on average, as large as the traditional Armington effect. Moreover, because these two 

effects dominate at different elasticity values, we show that by accounting for the information 

effect the estimates of the change in market share are robust to the choice of Armington 

elasticities. By contrast, initial market share does affect the magnitude of change in final market 

share from the repeal of COOL. 

As an illustrative case, we apply the model to a recent change in COOL regulations. We show 

that the increased foreign market share following the repeal of COOL requirements only 

corresponds to the values claimed in WTO filings in cases where COOL compliance costs are an 
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order of magnitude larger than USDA estimates. Moreover, we illustrate that the general 

magnitude of the results are robust to parameterization, and vary across foreign producers and 

sectors of the vertically integrated market. This result demonstrates the importance of correctly 

incorporating the vertical structure of a market and capturing all of the pathways through which a 

policy change can affect the outcome of interest. 
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Appendix A 
 
We begin with a non-linear Armington model with n varieties. From Armington (1969) it can be 
shown that the demand for variety { }1,i n∈  is given by 

1 1i
i i i

i

x P Y P P Y
P

σ
σ σ σ σγ γ− − − 

= = 
 

     (A1) 

where ix  is quantity demanded of variety i, iγ  is a shift parameter, iP is the price of variety i, P 
is the price index of the composite good, σ  is the elasticity of substitution between varieties, and 
Y is total expenditure in the market. 

The market share of variety i in the market for the composite good is given by 

1

i i
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j jj

x P
x P

ϕ
=

=
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     (A2) 

where i ix P  is the total expenditure on variety i. 

To find i ix P  we multiply quantity demanded (A1) by the price of i: 

1 1
i i i ix P P P Yσ σ σγ − −=      (A3) 

Substituting (A3) into the market share equation (A2), we obtain 

1 1 1

1 1 1
1 1
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P Y P P

σ σ σ σ σ

σ σ σ σ σ
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×
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×∑ ∑
    (A4) 

This result holds regardless of any assumptions on the price elasticity of supply. 
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Figures 
 
Figure 1: One-sector, CES model diagram 

 
 
Figure 2: One-sector, nested CES model diagram 

 
 
Figure 3: Two sector, vertically integrated, nested CES model diagram 
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Figure 4: Cattle Market Path 
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Figure 5: Total Effects on the Upstream Sector for a Low AVE 
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Figure 6: Total Effects on the Downstream Sector for a Low AVE 
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Figure 7: Total Effects on the Upstream Sector for a High AVE 
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Figure 8: Total Effects on the Downstream Sector for a High AVE 
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Comparative Kernel Density Plots 
 
Figure 9A      Figure 9B 

 
 
 
Figure 9C      Figure 9D 

 
 
 
Figure 9E 
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Figure 10A      Figure 10B 

 
 
 
Figure 10C      Figure 10D 

 
 
Figure 10E 
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Figure 11A      Figure 11B 

 
 
Figure 11C      Figure 11D 

 
 
Figure 11E 
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Figure 12A      Figure 12B 

 
 
Figure 12C      Figure 12D 

 
 
Figure 12E 
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Figure 13A      Figure 13B 

 
 
Figure 13C      Figure 13D 
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Figure 14 
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Tables 
 

Table 1: Price per head (USD) 

Price per head (USD) USA Canada Mexico 
Feeder Cattle 1,571.86 1,268.60 661.71 

Feeder Cattle (value at slaughter) 2,161.25* 1,744.28 909.83 
Fed Cattle 2,161.25 1,767.14 - 

*U.S. feedlot “value added” ratio = 1.375 
 
 
Table 2: Market Shares 

Total value (in millions USD) USA Canada Mexico 
Feeder Cattle 40,067 621 737 
Market Share at Feedlot 96.72% 1.50% 1.78% 
Feeder Cattle (value at slaughter) 55,090 854 1,013 
Fed Cattle (additional) 3,458 713 - 
Total (at slaughterhouse) 58,548 1,567 1,013 
Market Share at Slaughterhouse 95.78% 2.56% 1.66% 
 
 
Table 3: Ad Valorem Tax Equivalents 

Canadian 
Cost 

Canadian 
Value 

Canadian 
Tax 

Mexican 
Cost 

Mexican 
Value 

Mexican 
Tax 

$2.25 $1,268.60 0.177% $2.25 $661.71 0.340% 
$6.75* $1,744.28 0.454% $6.75 $909.83 0.742% 
$9.00** $1,767.14 0.454% $6.75 $909.83 0.742% 
 
* 54.8% of Canadian cattle in U.S. slaughterhouses come from U.S. feedlots. 

** 45.2% of Canadian cattle in U.S. slaughterhouses come from Canadian feedlots. 
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Table 4: Bounds of Parameter (Estimates Both Experiments) 
 

Variable Lower Bound Upper Bound 
Domestic-Foreign Elasticity of Substitution (Alpha) 1 10 
Foreign-Foreign Elasticity of Substitution (Beta) 1 10 
Domestic-Foreign Elasticity of Substitution (Sigma) 1 10 
Foreign-Foreign Elasticity of Substitution (Theta) 1 10 
Beef-Not Beef Elasticity 1 6 
Mkt Share US Feedlot (US) 0.953 0.980 
Mkt Share US Feedlot (Canada) 0.010 0.020 
Mkt Share US Feedlot (Mexico) 0.000 0.037 
Mkt Share US Slaughterhouses (US) 0.946 0.970 
Mkt Share US Slaughterhouses (Canada) 0.021 0.030 
Mkt Share US Slaughterhouses (Mexico) 0.000 0.033 
Beef Share in US Meat Mkt 0.48 0.48 

 
Note: All drawn from continuous uniform distribution 

 
Table 5: Feedlot Level Market Share Change Decomposition (Low AVE) 
 

Country Total 
Change 

Armington  
Effect 

Market  
Expansion Effect 

Information  
Effect 

USA -0.057* -0.039 0.021 -0.039 
 [-0.123,0.002] [-0.123,-0.00005] [0.0001,0.060] [-0.122,-0.00001] 

CAN 0.023 0.011 0.0003 0.011 
 [0.015,0.032] [-0.015,0.045] [0.000,0.001] [-0.016,0.045] 

MEX 0.056 0.028 0.0004 0.028 
 [0.0001,0.110] [0.0001,0.105] [0.000,0.002] [0.00001,0.104] 

 
* Changes are in percentage points. Minimum and maximum changes are in square brackets. 
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Table 6: Slaughterhouse Level Market Share Change Decomposition (Low AVE) 
 

Country Total 
Change 

Armington  
Effect 

Market 
Expansion Effect 

Information  
Effect 

USA -0.202* -0.111 0.021 -0.112 
 [-0.312,-0.105] [-0.308,-0.0002] [0.0001,0.060] [-0.310,-0.00001] 

CAN 0.110 0.054 0.001 0.055 
 [-0.052,0.178] [-0.034,0.174] [0.000,0.002] [-0.035,0.172] 

MEX 0.114 0.056 0.0004 0.057 
 [0.0003,0.227] [0.0001,0.213] [0.000,0.002] [0.0001,0.210] 

 
* Changes are in percentage points. Minimum and maximum changes are in square brackets. 
 
 
Table 7: Feedlot Level Market Share Change Decomposition (High AVE) 
 

Country Total 
Change Armington Effect Market 

Expansion Effect 
Information 

Effect 
USA -0.649* -0.424 0.239 -0.465 

 [-1.405,0.049] [-1.399,-0.0004] [0.0007,0.733] [-1.393,-0.0004] 
CAN 0.250 0.122 0.004 0.124 

 [0.158,0.349] [-0.159,0.505] [0.00001,0.016] [-0.197,0.478] 
MEX 0.648 0.302 0.006 0.341 

 [0.002,1.289] [0.0002,1.214] [0.000,0.033] [0.0008,1.212] 
 
* Changes are in percentage points. Minimum and maximum changes are in square brackets. 
 
 
Table 8: Slaughterhouse Level Market Share Change Decomposition (High AVE) 
 

Country Total 
Change Armington Effect Market 

Expansion Effect 
Information 

Effect 
USA -2.715* -1.342 0.235 -1.607 

 [-4.196,-1.355] [-4.154,-0.002] [0.001,0.700] [-4.158,0.009] 
CAN 1.350 0.642 0.008 0.700 

 [0.534,2.444] [-0.343,2.291] [0.0002,0.035] [-0.587,2.370] 
MEX 1.614 0.700 0.006 0.907 

 [0.008,3.219] [0.001,2.859] [0.000,0.046] [0.003,2.955] 
 
* Changes are in percentage points. Minimum and maximum changes are in square brackets. 
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Table 9: Distribution of Variables When Armington Effect on Canada's Feedlot Market 
Share > +0.46 Percentage Points 
 

Variable Mean Std. Dev. Min Max 

Initial Feedlot Market Share USA 0.958 0.003 0.953 0.965 

Initial Feedlot Market Share CAN 0.019 0.001 0.018 0.020 

Initial Feedlot Market Share MEX 0.023 0.004 0.016 0.029 

Change in Feedlot Market Share (Pct Pt) USA -0.837 0.178 -1.214 -0.447 

Change in Feedlot Market Share (Pct Pt) CAN 0.318 0.011 0.289 0.335 

Change in Feedlot Market Share (Pct Pt) MEX 0.815 0.125 0.571 1.013 

Market Expansion Effect on Feedlot Market 
Share (Pct Pt) USA 0.280 0.154 0.009 0.631 

Market Expansion Effect on Feedlot Market 
Share (Pct Pt) CAN 0.007 0.004 0.0002 0.016 

Market Expansion Effect on Feedlot Market 
Share (Pct Pt) MEX 0.009 0.005 0.0003 0.023 

Information Effect on Feedlot Market Share 
(Pct Pt) USA -0.042 0.027 -0.117 -0.011 

Information Effect on Feedlot Market Share 
(Pct Pt) CAN -0.165 0.016 -0.197 -0.139 

Information Effect on Feedlot Market Share 
(Pct Pt) MEX 0.207 0.026 0.151 0.269 

Armington Effect on Feedlot Market Share 
(Pct Pt) USA -1.074 0.116 -1.244 -0.858 

Armington Effect on Feedlot Market Share 
(Pct Pt) MEX 0.599 0.111 0.395 0.775 

Upstream Domestic-Foreign Armington 
Elasticity  9.787 0.196 9.284 9.997 

Upstream Foreign-Foreign Armington 
Elasticity  1.547 0.493 1.031 3.128 

Note: 45 observations. 
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Table 10: Distribution of Variables When Armington Effect on Mexico's Feedlot Market 
Share > +0.52 Percentage Points 
 

 
Variable Mean Std. Dev. Min Max 

Initial Feedlot Market Share USA 0.959 0.004 0.953 0.974 

Initial Feedlot Market Share CAN 0.014 0.003 0.010 0.020 

Initial Feedlot Market Share MEX 0.027 0.004 0.015 0.037 

Change in Feedlot Market Share  
(Pct Pt) USA -0.888 0.202 -1.401 -0.164 

Change in Feedlot Market Share  
(Pct Pt) CAN 0.229 0.045 0.158 0.337 

Change in Feedlot Market Share  
(Pct Pt) MEX 0.942 0.148 0.538 1.289 

Market Expansion Effect on Feedlot Market 
Share (Pct Pt) USA 0.269 0.160 0.001 0.730 

Market Expansion Effect on Feedlot Market 
Share (Pct Pt) CAN 0.005 0.003 0.0000 0.016 

Market Expansion Effect on Feedlot Market 
Share (Pct Pt) MEX 0.010 0.006 0.0000 0.033 

Information Effect on Feedlot Market Share 
(Pct Pt) USA -0.249 0.174 -0.846 -0.001 

Information Effect on Feedlot Market Share 
(Pct Pt) CAN 0.004 0.072 -0.197 0.235 

Information Effect on Feedlot Market Share 
(Pct Pt) MEX 0.245 0.132 0.001 0.720 

Armington Effect on Feedlot Market Share 
(Pct Pt) USA -0.909 0.159 -1.399 -0.535 

Armington Effect on Feedlot Market Share 
(Pct Pt) CAN 0.221 0.085 -0.003 0.505 

Upstream Domestic-Foreign Armington 
Elasticity  8.303 1.152 4.763 10.000 

Upstream Foreign-Foreign Armington 
Elasticity  6.089 2.531 1.013 10.000 

Note: 16,066 observations. 
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Table 11: Distribution of Variables When Armington Effect on Canada's Slaughterhouse 
Market Share > +0.31 Percentage Points 
 
 
Variable Country Mean Std. Dev. Min. Max. 

Initial Slaughterhouse Market Share USA 0.958 0.007 0.946 0.970 

Initial Slaughterhouse Market Share CAN 0.026 0.003 0.021 0.030 

Initial Slaughterhouse Market Share MEX 0.016 0.007 0.000 0.033 

Change in Slaughterhouse Market 
Share (Pct Pt) USA -2.697 0.506 -4.185 -1.355 

Change in Slaughterhouse Market 
Share (Pct Pt) CAN 1.374 0.289 0.553 2.444 

Change in Slaughterhouse Market 
Share (Pct Pt) MEX 1.580 0.654 0.008 3.219 

Market Expansion Effect on 
Slaughterhouse Market Share (Pct Pt) USA 0.241 0.147 0.001 0.700 

Market Expansion Effect on 
Slaughterhouse Market Share (Pct Pt) CAN 0.009 0.006 0.0000 0.035 

Market Expansion Effect on 
Slaughterhouse Market Share (Pct Pt) MEX 0.007 0.006 0.0000 0.046 

Information Effect on Slaughterhouse 
Market Share (Pct Pt) USA -1.162 0.673 -3.472 0.009 

Information Effect on Slaughterhouse 
Market Share (Pct Pt) CAN 0.455 0.422 -0.587 2.035 

Information Effect on Slaughterhouse 
Market Share (Pct Pt) MEX 0.707 0.416 0.003 2.577 

Armington Effect on Slaughterhouse 
Market Share (Pct Pt) USA -1.776 0.729 -4.154 -0.324 

Armington Effect on Slaughterhouse 
Market Share (Pct Pt) CAN 0.865 0.501 0.004 2.859 

Armington Effect on Slaughterhouse 
Market Share (Pct Pt) MEX -1.776 0.729 -4.154 -0.324 

Downstream Domestic-Foreign 
Armington Elasticity  6.890 1.844 2.578 10.000 

Downstream Foreign-Foreign 
Armington Elasticity  5.252 2.587 1.010 10.000 

Note: 68,032 observations. 
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Table 12: Distribution of Variables When Armington Effect on Mexico's Slaughterhouse 
Market Share > +0.49 Percentage Points 
 
Variable Country Mean Std. Dev. Min. Max. 

Initial Slaughterhouse Market Share USA 0.955 0.006 0.946 0.970 

Initial Slaughterhouse Market Share CAN 0.025 0.003 0.021 0.030 

Initial Slaughterhouse Market Share MEX 0.019 0.006 0.004 0.033 

Change in Slaughterhouse Market 
Share (Pct Pt) USA -2.875 0.463 -4.185 -1.400 

Change in Slaughterhouse Market 
Share (Pct Pt) CAN 1.275 0.244 0.553 2.154 

Change in Slaughterhouse Market 
Share (Pct Pt) MEX 1.869 0.527 0.532 3.219 

Market Expansion Effect on 
Slaughterhouse Market Share (Pct Pt) USA 0.253 0.152 0.001 0.700 

Market Expansion Effect on 
Slaughterhouse Market Share (Pct Pt) CAN 0.009 0.006 0.0000 0.035 

Market Expansion Effect on 
Slaughterhouse Market Share (Pct Pt) MEX 0.008 0.006 0.0000 0.046 

Information Effect on Slaughterhouse 
Market Share (Pct Pt) USA -1.252 0.797 -3.791 0.009 

Information Effect on Slaughterhouse 
Market Share (Pct Pt) CAN 0.412 0.412 -0.587 1.813 

Information Effect on Slaughterhouse 
Market Share (Pct Pt) MEX 0.840 0.470 0.008 2.602 

Armington Effect on Slaughterhouse 
Market Share (Pct Pt) USA -1.875 0.730 -4.154 -0.228 

Armington Effect on Slaughterhouse 
Market Share (Pct Pt) CAN 0.854 0.454 -0.269 2.291 

Downstream Domestic-Foreign 
Armington Elasticity  6.914 1.955 1.694 10.000 

Downstream Foreign-Foreign 
Armington Elasticity  5.863 2.578 1.010 10.000 

Note: 57,082 observations. 
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Table 13: Distribution of Variables When Total Change in Mexico's Feedlot Market Share 
> +0.52 Percentage Points 
 
Variable Country Mean Std. Dev. Min. Max. 

Initial Feedlot Market Share USA 0.962 0.005 0.953 0.975 

Initial Feedlot Market Share CAN 0.014 0.003 0.010 0.020 

Initial Feedlot Market Share MEX 0.023 0.005 0.015 0.037 

Change in Feedlot Market Share  
(Pct Pt) USA -0.795 0.218 -1.405 -0.123 

Change in Feedlot Market Share  
(Pct Pt) CAN 0.239 0.047 0.158 0.341 

Change in Feedlot Market Share  
(Pct Pt) MEX -0.795 0.218 -1.405 -0.123 

Market Expansion Effect on 
Feedlot Market Share (Pct Pt) USA 0.259 0.154 0.001 0.733 

Market Expansion Effect on 
Feedlot Market Share (Pct Pt) CAN 0.004 0.003 0.0000 0.016 

Market Expansion Effect on 
Feedlot Market Share (Pct Pt) MEX 0.007 0.005 0.0000 0.033 

Information Effect on Feedlot 
Market Share (Pct Pt) USA -0.552 0.318 -1.393 -0.001 

Information Effect on Feedlot 
Market Share (Pct Pt) CAN 0.118 0.120 -0.197 0.478 

Information Effect on Feedlot 
Market Share (Pct Pt) MEX 0.434 0.225 0.001 1.212 

Armington Effect on Feedlot 
Market Share (Pct Pt) USA -0.502 0.315 -1.399 -0.001 

Armington Effect on Feedlot 
Market Share (Pct Pt) CAN 0.117 0.120 -0.159 0.505 

Armington Effect on Feedlot 
Market Share (Pct Pt) MEX 0.385 0.220 0.002 1.214 

Upstream Domestic-Foreign 
Armington Elasticity  5.489 2.590 1.010 10.000 

Upstream Foreign-Foreign 
Armington Elasticity  5.501 2.591 1.010 10.000 

Note: 63,432 observations. 
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Endnotes 
1 Armington (1969) says that the rate of substitution is the rate at which a representative 

consumer is willing to substitute between units of a good j across markets. While we envision a 

model with only two markets (foreign and domestic), the Armington framework works any 

multi-market environment. For example, we could use this framework using state level data. In 

our framework we envision that firms choose between representative units from each country. 

2 As is well established, If the Armington elasticity is less than or equal to 1, then a fall in the 

price of a goods from country A results in a decline in country A’s market share. 

3 See Appendix A for derivation. 

4 The index comes from solving the expenditure minimization problem. 

5 We derive the corresponding market share elasticities for the slaughterhouse level in an 

appendix that is available upon request. The relationships described above hold for the 

slaughterhouse level. 

https://www.wto.org/english/tratop_e/dispu_e/cases_e/ds384_e.htm
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6 For example, the Armington elasticity will be greater than 1 for net substitutes. Moreover, 

based on empirical results, we have found that that marginal effect of the Armington elasticity 

drops to zero for values greater than 10. Consequently, absent any market specific information, 

the natural bound for the Armington elasticity is (1,10]. 

7 The Armington substitution elasticity is bounded from below by 1 and at 10 from above. An 

elasticity value of 10 corresponds to the near perfectly elastic case, and results do not differ 

significantly when we sample values above 10. 

8 It should be noted that these new cost estimates are significantly greater than those cited by 

Canada in their original WTO claim. The Pouliot and Sumner (2014) study that found tangible 

damages to Canada’s market share used costs that were at most three times higher than USTR 

estimates at the feedlot and slaughterhouse level. 
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