Appendix

[bookmark: _GoBack]	We employed an equilibrium displacement model (EDM) to assess the economic impacts of reducing bovine trichomoniasis prevalence in the U.S. beef cattle population. The original model was developed by Brester et al. (2004) and has been used extensively to estimate impacts of various disease and production disruptions in the cattle industry (Dennis et al., 2018; Pendell et al., 2010; Shear and Pendell, 2020). Briefly, we first estimate the expected increase in feeder cattle supply associated with reducing bovine trichomoniasis-attributed reproductive challenges. Next, we assess how this change to primary feeder cattle supply influences equilibrium prices and quantities in the beef, pork, and poultry sectors. Lastly, we calculate changes to producer and consumer surplus as a measurement of economic welfare. 
Consistent with previous work that has employed this model, four markets in the beef sector are included in the EDM, these being: retail (consumers), wholesale (packers), slaughter (feedyards), and feeder (cow-calf). To account for retail substitution, the model also includes the pork and poultry sectors. Because the pork and poultry markets are more vertically integrated, the pork sector contains three markets, (retail, wholesale, and slaughter), and the poultry sector contains two markets, (retail and wholesale). International trade is included into the model at the wholesale levels for beef and pork. Through total logarithmic differentiation, we arrived at an EDM that was driven by elasticities. As noted by previous literature, econometrically estimating the elasticities is prohibitive due to identification problems associated with simultaneously estimating supply and demand (Tonsor and Schroeder, 2015; Brester et al., 2004). Consequently, we used the common technique of employing previously published elasticities to parameterize our model, with elasticities being obtained from Pendell et al. (2010). In the following EDM, E denotes a percentage change operator (i.e., ). To stay consistent with previous modelling techniques, variable input proportions were included by allowing production quantities to vary across the markets within a sector (Wohlgenant, 1993). Superscripts r, w, s, and f, denote retail, wholesale, slaughter, and feeder markets, respectively. 
In the following equilibrium displacement model,  is the own-price demand elasticity for good i in market m;  is the cross-price demand elasticity for good i with respect to retail price of good j;  is the own-price supply elasticity for good i and in market m; is the percentage change in quantity demanded for good i at market level m given a 1% change in the quantity demanded at market level l;   is the percentage change in quantity supplied of good i at market level m given a 1% change in the quantity supplied at market level l. Hence, markets within the same sector are connected by downstream equilibrium quantities among the demand equations and upstream equilibrium quantities among the supply equations (Wohlgenant, 1993; Tonsor and Schroeder, 2015). Total differentiation of the above equations and placing all endogenous price and quantity variables on the left-hand side of the equation yields the following equilibrium displacement model:  
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Matrix algebra was used to solve the above EDM and estimate percentage changes to price and quantity variables. In matrix form, the above equilibrium displacement model can be written as: 
25) 
Where M is a 24 x 24 matrix of elasticities, Y is a vector of endogenous changes in prices and quantities, and X is a vector of percentage changes in the exogenous supply and demand shift variables. By solving for Y in equation (49), the percentage changes of endogenous variables can be estimated. These percentage changes are calculated as: 
26)  

We used producer and consumer surplus to measure welfare changes due to a reduction in bovine trichomoniasis. Changes to producer and consumer surplus within each market were calculated using baseline price and quantity values from 2018 and the corresponding percent changes predicted from the EDM model. Changes to consumer and producer surplus were defined as: 
27) 
28) 
Where producer surplus and consumer surplus are denoted by  and , respectively. Superscript m denotes the market (retail, wholesale, slaughter, or farm), and subscript i denotes the sector (beef, pork, poultry). 
The price and quantity data needed to calculate changes to producer and consumer surplus are annual data from 2018. The ERS’s Livestock, Dairy, and Poultry Outlook provided retail per capita consumption, wholesale equilibrium quantities, and import and export quantities for beef, and pork (USDA-ERS, 2020). Retail prices are based on Bureau of Labor Statistics retail price data as reported in the USDA ERS historical monthly price data for beef, pork, and broilers (USDA-ERS, n.d. -a). Wholesale beef price is the average price of boxed beef Choice 600-900, and wholesale pork price is the average pork cutout composite price, both obtained from the ERS Livestock Meat and Domestic Data wholesale prices historical (USDA-ERS, n.d. -b). Wholesale poultry price is the weighted average of the national composite price obtained from the Livestock, Dairy, and Poultry Outlook (USDA-ERS, 2020). Quantities of retail consumption of beef, pork, and poultry, domestic fed cattle, feeder cattle, and market hogs were compiled by the Livestock Marketing Information Center as reported in (Shear and Pendell, 2020). The price for fed cattle is the weighted average of the 5-area direct steer prices for all grades, and the price for market hogs is the national base cost of barrows and gilts as reported in the ERS Livestock, Dairy, and Poultry Outlook (USDA-ERS 2020). Similarly, feeder cattle price was the price of medium frame No 1. Steers from Oklahoma City from the same report (USDA-ERS, 2020).Table 3 lists all price and quantity values used in the analysis. 



	Table 3. Baseline Prices and Quantities Used in Economic Analysis

	 
	
	Baseline Quantity 
(million lbs)
	Baseline Price ($/lb)
	Source

	Retail
	US Beef
	18759.0
	5.923
	(Shear and Pendell, 2020); (USDA-ERS, n.d. -a)

	 
	US Pork
	16632.0
	3.744
	(Shear and Pendell, 2020);  (USDA-ERS, n.d. -a)

	 
	US Poultry
	35368.0
	1.873
	(Shear and Pendell, 2020); (USDA-ERS, n.d. -a)

	Wholesale
	US Beef
	26872.0
	2.141
	(USDA-ERS, 2020); (USDA-ERS, n.d. -b)

	 
	US Pork
	26315.0
	0.761
	(USDA-ERS, 2020); (USDA-ERS, n.d. -b)

	 
	US Poultry
	42601.0
	0.978
	(USDA-ERS, 2020); (USDA-ERS, 2020)

	 
	Import Beef
	2998.0
	2.141
	(USDA-ERS, 2020); (USDA-ERS, n.d. -b)

	 
	Export Beef
	3160.0
	2.141
	(USDA-ERS, 2020);
(USDA-ERS, n.d. -b)

	 
	Import Pork
	1042.0
	0.761
	(USDA-ERS, 2020);
(USDA-ERS, n.d. -b)

	 
	Export Pork
	5877.0
	0.761
	(USDA-ERS, 2020);
(USDA-ERS, n.d. -b)

	Slaughter
	US Beef
	44578.0
	1.171
	(Shear and Pendell, 2020); (USDA-ERS, 2020)

	 
	US Pork
	35246.0
	0.459
	(Shear and Pendell, 2020); (USDA-ERS, 2020)

	Farm
	US Beef
	36403.0
	1.469
	(Shear and Pendell, 2020); (USDA-ERS, 2020)

	Notes: Source for baseline quantity is listed first, source for price listed second






	A1. Changes to Equilibrium Prices and Quantities under the 100% Reduction in Bovine Trichomoniasis Scenario

	Type
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Year 6
	Year 7
	Year 8
	Year 9
	Year 10

	Quantity retail beef
	0.175%
	0.035%
	0.021%
	0.008%
	0.004%
	0.002%
	0.002%
	0.000%
	0.000%
	0.000%

	Price retail beef
	-0.209%
	-0.039%
	-0.023%
	-0.008%
	-0.004%
	-0.002%
	-0.002%
	0.000%
	0.000%
	0.000%

	Quantity wholesale beef
	0.324%
	0.087%
	0.067%
	0.029%
	0.017%
	0.011%
	0.008%
	0.002%
	0.002%
	0.001%

	Price wholesale beef
	-0.261%
	-0.086%
	-0.070%
	-0.031%
	-0.018%
	-0.011%
	-0.008%
	-0.002%
	-0.002%
	-0.001%

	Quantity wholesale beef imported
	0.244%
	0.071%
	0.056%
	0.025%
	0.015%
	0.010%
	0.007%
	0.002%
	0.002%
	0.001%

	Price wholesale beef imported
	0.133%
	0.026%
	0.015%
	0.006%
	0.003%
	0.002%
	0.001%
	0.000%
	0.000%
	0.000%

	Quantity wholesale beef exported
	0.110%
	0.061%
	0.069%
	0.039%
	0.028%
	0.021%
	0.018%
	0.005%
	0.004%
	0.004%

	Quantity slaughter cattle
	0.254%
	0.093%
	0.091%
	0.048%
	0.032%
	0.024%
	0.019%
	0.005%
	0.005%
	0.004%

	Price slaughter cattle
	0.248%
	0.005%
	-0.042%
	-0.036%
	-0.029%
	-0.025%
	-0.021%
	-0.006%
	-0.005%
	-0.005%

	Quantity feeder cattle
	0.177%
	0.085%
	0.121%
	0.086%
	0.073%
	0.066%
	0.062%
	0.019%
	0.019%
	0.018%

	Price feeder cattle
	0.477%
	0.024%
	-0.119%
	-0.120%
	-0.104%
	-0.091%
	-0.079%
	-0.024%
	-0.021%
	-0.019%

	Quantity retail pork
	-0.029%
	-0.006%
	-0.004%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price retail pork
	-0.015%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale pork
	-0.019%
	-0.004%
	-0.003%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price wholesale pork
	-0.012%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale pork imported
	-0.012%
	-0.003%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price wholesale pork imported
	-0.008%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale pork exported
	0.011%
	0.002%
	0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity slaughter hogs
	-0.008%
	-0.002%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price slaughter hogs
	-0.020%
	-0.004%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity retail poultry
	-0.018%
	-0.007%
	-0.004%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price retail poultry
	-0.068%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale poultry
	-0.007%
	-0.006%
	-0.004%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price wholesale poultry
	-0.053%
	-0.004%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%




	A2. Changes to Equilibrium Prices and Quantities under the 50% Reduction in Bovine Trichomoniasis Scenario

	Type
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Year 6
	Year 7
	Year 8
	Year 9
	Year 10

	Quantity retail beef
	0.087%
	0.017%
	0.011%
	0.004%
	0.002%
	0.001%
	0.001%
	0.000%
	0.000%
	0.000%

	Price retail beef
	-0.104%
	-0.020%
	-0.012%
	-0.004%
	-0.002%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%

	Quantity wholesale beef
	0.162%
	0.044%
	0.034%
	0.015%
	0.009%
	0.006%
	0.004%
	0.001%
	0.001%
	0.001%

	Price wholesale beef
	-0.131%
	-0.043%
	-0.035%
	-0.015%
	-0.009%
	-0.006%
	-0.004%
	-0.001%
	-0.001%
	-0.001%

	Quantity wholesale beef imported
	0.122%
	0.035%
	0.028%
	0.013%
	0.007%
	0.005%
	0.004%
	0.001%
	0.001%
	0.001%

	Price wholesale beef imported
	0.067%
	0.013%
	0.008%
	0.003%
	0.001%
	0.001%
	0.001%
	0.000%
	0.000%
	0.000%

	Quantity wholesale beef exported
	0.055%
	0.030%
	0.035%
	0.020%
	0.014%
	0.011%
	0.009%
	0.002%
	0.002%
	0.002%

	Quantity slaughter cattle
	0.127%
	0.047%
	0.046%
	0.024%
	0.016%
	0.012%
	0.010%
	0.003%
	0.002%
	0.002%

	Price slaughter cattle
	0.124%
	0.002%
	-0.021%
	-0.018%
	-0.015%
	-0.012%
	-0.010%
	-0.003%
	-0.003%
	-0.002%

	Quantity feeder cattle
	0.089%
	0.042%
	0.061%
	0.043%
	0.037%
	0.033%
	0.031%
	0.010%
	0.009%
	0.009%

	Price feeder cattle
	0.239%
	0.012%
	-0.060%
	-0.060%
	-0.052%
	-0.045%
	-0.040%
	-0.012%
	-0.011%
	-0.010%

	Quantity retail pork
	-0.014%
	-0.003%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price retail pork
	-0.007%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale pork
	-0.009%
	-0.002%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price wholesale pork
	-0.006%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale pork imported
	-0.006%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price wholesale pork imported
	-0.004%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale pork exported
	0.006%
	0.001%
	0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity slaughter hogs
	-0.004%
	-0.001%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price slaughter hogs
	-0.010%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity retail poultry
	-0.009%
	-0.003%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price retail poultry
	-0.034%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Quantity wholesale poultry
	-0.004%
	-0.003%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%

	Price wholesale poultry
	-0.026%
	-0.002%
	-0.001%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
	0.000%
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