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Abstract
The first chapter of the thesis explores into the use of price risk management tools among beef cattle producers in the United States (US), namely options contracts, futures contracts, and livestock risk protection (LRP). However, use of price risk management tools among beef cattle producers has been limited despite price risk being one of the primary sources of risk to the US cattle industry. The purpose of this research is to determine factors associated with the use or non-use of options contracts, futures contracts, and LRP insurance. We conducted a survey of US cattle producers and estimated a multivariate probit model to understand what drives the likelihood of use. We find most producers never used any price risk management tools, but LRP was the most used (12.5%), followed by futures contracts (6%) and option contracts (5.5%). Producer age, herd size, risk preferences, perceived effectiveness, and other factors impacted use. Findings inform industry stakeholders, educators, and policymakers in developing interventions to encourage wider utilization of these tools.
	The second chapter employs a two-stage data envelopment analysis (DEA) to assess the impact of price risk management tools on the operational efficiency of beef cattle productions. By evaluating income and input metrics, followed by efficiency scores in relation to the use of options contracts, futures contracts, and LRP, this research sheds light on the efficiency dynamics within the sector. The findings indicate that options contracts are associated with the highest level of efficiency, closely followed by LRP and future contracts. A regression analysis underscores the positive influence of price risk management tools on operational efficiency, with experience also playing a crucial role. This chapter offers valuable perspectives on how risk management tools contribute to the efficiency of beef cattle production, providing a foundation for further investigation into optimizing firm performance in the face of price volatility.
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Cattle producer’s use of price risk management tools





[bookmark: _Toc163467820]Abstract		
United States (US) livestock cattle have tools to manage price risk such as options contracts, futures contracts, and livestock risk protection (LRP) insurance. However, there has been limited use of price risk management tools among beef cattle producers despite price risk being one of the primary sources of risk to the United States (US) cattle industry. The purpose of this research is to determine factors associated with the use of options contracts, futures contracts, and LRP insurance. We conducted a survey of US cattle producers and estimated a multivariate probit model to understand what drives the likelihood of use. We find most producers never used any price risk management tools, but LRP was the most used (12.5%), followed by futures contracts (6%) and option contracts (5.5%). Producer age, herd size, risk preferences, perceived effectiveness, and other factors impacted use of these tools. Findings inform industry stakeholders, educators, and policymakers in developing interventions to encourage wider utilization of these tools.

[bookmark: _Toc163467821]Introduction	
As with any commodity, United States (US) beef cattle production is not immune to market fluctuations or price risk, which can cause major economic losses (Hart et al. 2001; Hall et al. 2003; Belasco et al. 2009; Tonsor and Schroeder 2011). Price risk refers to the uncertainty of the expected price of a commodity at its time of sale (Kay, Edwards, and Duffy 2024). To manage the price risk, cattle producers have various price risk management tools at their disposal, such as futures contracts, options contracts, and livestock risk protection (LRP). However, there has been little use of these tools by cattle producers (Hill 2015; McKendree, Tonsor, and Schulz 2021). According to Hill (2015), only 7% of surveyed beef producers utilized LRP to manage price risk, compared to futures (37%) and options (27%) contracts. McKendree, Tonsor, and Schulz (2021) reported similar numbers that only 1% of the cattle producers surveyed used LRP, 20% used options contracts, and 41% used futures contracts.
	Several reasons have been attributed to cattle producers not frequently using these price risk management tools. Studies have explored the effectiveness of these tools, but these reports show price risk management tools can be effective if properly implemented (Belasco et al. 2009; Feuz 2009; Burdine and Halich 2014; Merritt et al. 2017; Wei 2019; Boyer and Griffith 2023a, 2023b). One of the noted obstacles to using futures and options contracts by cattle producers is that these contracts are not suitable for most cattle operations due to their size. For example, feeder cattle contracts are traded in increments of 50,000 pounds, equivalent to 55 to 71 head of feeder cattle weighing between 700 to 899 pounds. According to the 2017 Census of Agriculture, the average US beef cattle herd consists of 44 head, implying that most US beef cattle producers do not annually market 50,000 pounds of calves (United States Department of Agriculture [USDA] National Agricultural Statistic Service [NASS] 2019). If a producer with less than 50,000 pounds of feeder cattle uses futures and options to hedge, they would over-hedge, which could increase their risk and render these tools ineffective (Griffith 2014). Feuz (2009) and Wei (2019) compared the use of cash market, futures contracts, options contracts, and LRP for small cattle producers. They used simulation models considering various sources of risk. These studies report LRP is most applicable for producers unable to fulfill a 50,000-pound futures contract.
LRP insurance is another tool that cattle producers can use to manage price risk. It is a government-sponsored program to help cattle producers manage economic losses from price declines. LRP is a price insurance policy cattle producers can purchase daily to insure a minimum price level for a certain period. These policies can be customized by the number of head (between one and 25,000 head per crop year), the insurance periods (13, 17, 21, 26, 30, 34, 39, 43, 47 or 52 weeks), and coverage levels (70-100%) of an expected price at the end of the insurance period, which varies daily by sex, breed, and weight. Purchasers pay a subsidized premium to guarantee a price floor (i.e., coverage price) over an insurance period. LRP policyholders are paid an indemnity payment at the end of an insurance period if the expected price (either Chicago Mercantile Exchange (CME) Feeder Cattle Index or CME live cattle futures price) is lower than the insured coverage price (USDA Risk Management Agency [RMA] 2022a). 
Like futures and options contracts, LRP has had limited used, which has been attributed to the cost of LRP. Studies have shown premium for LRP was frequently higher than the indemnities paid if a payment is triggered (Burdine and Halich 2014; Merritt et al. 2017). Also, Merritt et al. (2017) showed not all LRP contract lengths and coverage levels are equally effective across months due to seasonality of cattle prices. The USDA RMA did, however, increase the LRP premium subsidy for producers in 2019 and 2020 (USDA RMA 2020). Prior to 2019, the premium subsidy for producers was 13% of the total premium and today the subsidy is tiered structured rate ranging between 35% to 55% based on coverage level (USDA RMA 2020). Studies have shown the increased subsidy rate has lowered the premium cost for fed and feeder cattle producers and increased the likelihood of the indemnity being greater than the premium (Boyer and Griffith 2023a, 2023b; Boyer et al. 2023).
Another explanation that has received little attention is how individual risk preferences impact producers’ use of price risk management. Recent literature has shown how risk preferences impact the use of practices in row crop production (Ihli et al. 2016; Campbell et al. 2021; Khanal et al. 2021). However, little is known about risk preferences impact on cattle producers’ decisions to use price risk management tools. Fields and Gillespie (2008) included risk preferences in their survey of producers’ willingness to purchase a hypothetical livestock insurance product and found more risk averse producers are likely to purchase insurance. McKendree, Tonsor, and Schulz (2021) showed that more risk averse producers were more likely to use price risk mitigation strategies but did not identify differential across the various tools (futures, options, and LRP). 
Building from these studies, we determine how risk preferences and other factors impact the use of LRP, futures contracts, and options contracts for managing price risk for cattle production. We conducted a survey of US cattle producers and estimated multivariate probit models to understand what drives the likelihood of use. The findings create a basis for educational programs for producers in handling price uncertainty and may have consequences for future policy modifications. The paper also broadens the body of knowledge on the acceptance of price risk management among cattle producers.

[bookmark: _Toc163467822][bookmark: _Hlk159505672]Data		
[bookmark: _Hlk164283994]Data came from a 2022 email survey of US beef cattle producers through Qualtrics (XXX IRB-XX-XXXXX-XX). A list frame of 110,000 US beef cattle producers was purchased from DTN. A total of 22,581 emails were failed to send, leaving a total of 87,419 email addresses. The survey was administered following Dillman’s (2007) method using Qualtrics. A pretest sample of 15 livestock producers and Extension Agents received a survey prior to the launch. The survey questions and format were revised using feedback from the pretest. Individuals identified with an email address received the survey on June 1, 2022. A reminder email was sent one week following the initial delivery and another reminder was sent a week following that first follow-up email. We received a total of 699 responses of which only 599 were completed surveys resulting in a response rate of slightly less than 1%. While this is a low response rate, it is consistent with other emailed cattle producer surveys which had a response rate of 1.9% (McKendree, Tonsor, and Wolf 2016). 
	The survey instrument was divided into multiple sections. The first section included questions on livestock numbers, farm size, and how cattle were marketed. The next section included questions about the use of LRP, futures and options contracts. Producers were asked to indicate the barriers of using these tools and their perceived effectiveness of the tools. The next section elicited producers’ risk preferences using a stated preference approach (Dohmen et al. 2011). Producers were asked to rate their willingness to take risks in financial matters related to the cattle business from zero (not at all willing) to 10 (very willing). The producers were also asked where they get information about prices and the importance of managing price risk in the cattle business. Finally, producers were asked to provide information about their education, age, and income. 

[bookmark: _Toc163467823][bookmark: _Hlk162212238]Model	
[bookmark: _Toc163467824][bookmark: _Hlk162212278]Multivariate Probit Model
A multivariate probit model was estimated to determine factors impacting the likelihood of using LRP, futures contracts, and options contracts. The dependent variables were binary and equal to one if the respondent had used or currently used the given price risk management tool and zero otherwise. To control for any potential correlations among these unexplained factors of use of future contracts, option contracts and LRP, we estimate a multivariate probit model (Greene 2012). The model is defined as
(1) +                                                                          
where represent the jth price risk management tool (j = LRP, futures contracts, and options contracts) by the ith producer;  denotes a matrix of explanatory variables that impact the use of risk management tools; is the vector of coefficients to be estimated; and  is the unobserved error term that are assumed to be multivariate normal distributed (Greene 2012). The model was estimated using cmp with Huber-White Sandwich estimator in StataCorp (2013). Variance inflation factor was used to detect if multicollinearity was an issue in the model. 
	Marginal effects were estimated for coefficients estimated with the multivariate probit. While the model coefficients indicate the direction the relationship between the predictors and the dependent variables, they do not directly provide the magnitude or give a practical interpretation often required for decision-making and policy formulation (Wooldridge 2010). The delta method was used to calculate marginal effects (Greene 2012) in StataCorp (2013).

[bookmark: _Toc163467825][bookmark: _Hlk159505365]Hypothesized Variable Signs
Table 1[footnoteRef:1] defines the independent variables included in our analysis and gives a hypothesized sign for the explanatory variables selected for this study. The literature indicates that use of risk management tools could be impacted by producers’ characteristics, herd characteristics, farm characteristics, risk preference, cost of using these tools and perceived effectiveness and understanding of these tools and their method of selling cattle. [1:  All tables and figures are in the appendix.] 

[bookmark: _Hlk162209904]	Producers’ characteristics included in our analysis are age, level of education, their household income, and household income that comes from their cattle operation. We expect an increase in age will decrease the likelihood of buying price risk management tools. Studies have reported cattle producers are less likely to adopt new practices with age (Gillespie et al. 2007; Ward et al. 2008; Lambert et al. 2020; Greig et al. 2023); however, other studies have shown age does not significantly impact use of practices such as grazing management for beef cattle producers (Boyer et al. 2020; 2022). Similar, studies show college education increases the likelihood of cattle producers using various management practices (Pruitt et al. 2012; Lambert at al. 2020; Boyer et al. 2022; Ren et al. 2022; Boyer et al. 2024); thus, we hypothesis the estimated parameter will be positive. Mixed results are often reported for how household income and percentage of their income coming from the beef cattle operations impacts use of various practices (Gillespie et al. 2007; Lambert et al. 2020; Ren et al. 2022). We are unsure how these variables will impact the use of these tools.
	For herd characteristics, we considered what kind of cattle the producers own, and we analyzed them as the percentage of their own cattle that they classify are cows, stockers, and cattle in a feedlot. McKendree, Tonsor, and Schulz (2021) found that larger feedlot operations were more likely to use price risk management strategies; therefore, we assume a higher percentage of producers with cattle in a feedlot are more likely to use these tools. Also, if the producer marketed cattle in an auction market, we expected these producers to be more likely to use LRP. The market uncertainty of this marketing method might encourage producers to insure against price risk. However, McKendree, Tonsor, and Schulz (2021) reported most producers in their survey primarily sold cattle in the spot market without using price risk management. 
Regarding risk, Fields and Gillespie (2008) and McKendree, Tonsor, and Schulz (2021) included risk preferences in their surveys of producers’ willingness to manage price risk using various tools. Both these studies found more risk averse producers were more likely to use price risk mitigation strategies. Similarly, Davidson and Goodrich (2023) included a risk preference measurement when trying to understand cattle producers use of pasture, rangeland, and forage insurance and found risk averse impacts use of this insurance product. Therefore, we hypothesized that producers who are more risk averse would be more willing to purchase the price risk management tools used in this study; thus, the sign of the risk preferences parameter estimate was expected to be negative. 
	We hypothesize that producers’ perceived understanding and perceived effectiveness of these price risk management tools could impact the use. A greater perceived effectiveness is anticipated to increase the likelihood of using these tools, but we are unsure who a perceived understanding impacts the likelihood of using these tools. Studies have shown that small operations are better off using LRP than futures and options contracts (Wei 2019); thus, we assume that if respondents believe they are too small to benefit from the using price risk management, they are less likely to use them. We also hypothesis that those who check price daily might be more likely to use price risk management. 

[bookmark: _Toc163467826]Result	
[bookmark: _Toc163467827]Summary Statistics
Table 2 provides summary statistics for the variables we analyzed. The mean age of the respondents is 60 years old. Approximately 50.3% of respondents hold at minimum a bachelor's degree, establishing an equilibrium between individuals with advanced education and those at other educational levels. Regarding herd composition, we find that the average proportions of cows, stockers, and feedlot cattle stand at 54.9%, 10.5%, and 3.6%, respectively. There remaining percentage was cattle reported as calves not yet sold.[footnoteRef:2] Noteworthy is the observation that 80.6% of respondents primarily favor traditional auction markets for cattle marketing. [2:  This variable was dropped from the analysis to avoid multicollinearity.] 

	The mean risk preference score was 5.57, which suggests respondents were risk neutral. Producers indicated an average score of 4.61 (out of five) that they agree their operation is too small to benefit from price risk management. The average response to household income coming from cattle farming was a 2.3, which indicates about 20% of the respondent’s household income came from cattle farming. Concurrently, the calculated average categorized income of 4.59 indicates most respondents had a household income between $50,000 to $100,000. Regarding the frequency of cattle price monitoring, approximately 18.5% of respondents check cattle prices daily. 
	Figure 1 shows the beef cattle producer’s use of price risk management tools. More than 90% of the respondents have never used future contracts or options contracts, and around 82% of the respondents never used LRP for price risk management. Of these tools, more of our respondents had used LRP than futures and options contracts. This is different than what Hill (2015) and McKendree, Tonsor, and Schulz (2021) reported in their studies. Overall, the use of these price risk management tools aligned with what we report, which is majority of producers are not using price risk management tools.
As for their understanding of price risk management tools, most respondents stated that they have little to no idea about these tools, which is around 59% to 69% (Figure 2). Moreover, very few of our respondents indicated they understand these tools very well (2% to 3%) (Figure 2). These findings suggest that there is a lack of knowledge about price risk management tools among cattle producers. Like their usage of these tools, the lack of understanding is higher for futures and options, 65% and 69% respectively, than LRP (59%). Respondents’ perceived effectiveness of using these tools is also low (Figure 3). More than 65% of our respondents have no idea about the effectiveness of these tools. Conversely, 13% to 20% of respondents believe that these tools are effective for managing price risk (Figure 3). Comparing among these tools, LRP is perceived to be the most effective tool (20%) compared to futures and options, which were 16% and 13%, respectively. 

[bookmark: _Toc163467828]Regression Results
These regression results are presented in Table 3 and marginal effects of these significant factors, as shown in Table 4. Table 3 shows the unexplained factor for the use of LRP, and futures contracts were not statistically correlated. However, the unexplained factors for futures and options contracts as well as for options contracts and LRP were correlated. This is interesting given that LRP functions like a put option contract. 
	For LRP, our analysis demonstrates a significant positive correlation with the percentage of cows in the herd. A one percent increase in the respondent’s herd being cows increased the likelihood of using LRP by 113% suggesting that cow-calf producers were more likely to utilize LRP. If the respondent has a higher perceived understanding of LRP, they were more likely to use LRP. A one-unit increase in the Likert scale value of understanding increased the likelihood of use by 43.8%. Additionally, if the respondent had a higher portion of their household income coming from their cattle operation, they were more likely to use LRP, suggesting that higher reliance on cattle operations for income increases the likelihood of using LRP. Producers who check cattle prices daily were 36.2% more likely to use LRP.
[bookmark: _Hlk162211856][bookmark: _Hlk162211769][bookmark: _Hlk162211869]	In the case of futures, we observe producers with more their cattle in the feedlot were more likely to use futures contracts. A one percent increase in cattle owned in the feedlot increased the likelihood of use by 115.6%. Also, we see that risk preferences were positively correlated with use of futures contracts, which diverges from our hypothesis that more risk-averse producers would be inclined towards insurance-like tools. This result suggests that producers more open to taking risks are more likely to use futures as a price risk management strategy. This differs from the literature (Field and Gillespie 2008; McKendree, Tonsor, and Schulz 2021) but Hellerstein, Higgins, and Horowitz (2013) found that more risk seeking producers were more likely to buy insurance. Like LRP, an increase in perceived understanding and the daily checking of cattle prices increases the likelihood of using futures contracts. Combining these two results about risk and price checking, it appears those who are actively monitoring the market and more risk tolerant might be more inclined to use future market contracts to manage price risk. If a respondent believes their operation is too small to benefit from price risk management, they were 15% less likely to use future contracts. Unique to futures contracts, the more effective futures contracts were to managing price risk, the more likely the respondents were to use futures contracts. 
	Like futures contracts, an increase in the percentage of cattle owned in a feedlot increased the likelihood of using options contracts. Moreover, if the respondent believed their operation was too small to benefit from price risk management, they were less likely to use options contracts. An increased understanding of options contracts and daily market monitoring, both showing positive relationships with the use of options. This finding aligns with those for LRP and futures contract use. 
	Understanding of these various price risk management tools is positive and significant across the tools. This indicates that further understanding or education can facilitate the use of price risk management by cattle producers. Also, those who are checking prices daily are more likely to use tools. This suggests that educating producers on the importance of frequent price monitoring could also increase the use of use. Finally, an interesting finding for policy makers is that while futures and options contracts less likely to be used by respondent who believe their operation was too small to benefit from the price risk management, LRP use was not impacted by this variable. Thus, this could indicate size is not a barrier for respondents in this survey to use LRP. This is encouraging since LRP was developed for the small livestock farmers. 

[bookmark: _Toc163467829]Conclusion	 
The US livestock industry is often confronted with large economic losses due to price uncertainty. Cattle producers have various price risk management tools available to use to help manage price risk but historically use has been low. The purpose of this research is to determine factors associated with the use of options contracts, futures contracts, and LRP insurance. To do this, we conducted a survey of US cattle producers asking them about their use of these tools and estimated a multivariate probit model to understand what drives the likelihood of use. The contribution of this work is to help identify barriers to use as well as ways to encourage use.
	The findings of this research indicate that beef cattle producers have limited usage, understanding, and perceived effectiveness of price risk management tools. The survey data reveals that most respondents have never utilized future contracts, options contracts, or LRP for price risk management. The regression shows understanding factors such as age, education, household income, daily activities, cow percentage, and understanding play significant roles in influencing the utilization and perception of price risk management tools among producers.
These findings have important implications for both policymakers and industry stakeholders. Efforts could be made to educate and raise awareness among beef cattle producers regarding the benefits and usage of price risk management tools, with particular emphasis on futures and options. Enhancing understanding and knowledge in this area can contribute to improved risk management practices and potentially better financial outcomes for producers. Additionally, promoting the perceived effectiveness of LRP may encourage its use and utilization among cattle producers.
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[bookmark: _Toc163467936]Table 1. Names and Definitions of Independent Variables
	Variable
	Description
	Sign

	Age
	Age of the respondent
	-

	Education
	= 1 if the producer had at least a bachelor’s degree; 0 otherwise
	+

	Cattle Income
	Estimated percentage of household income that came from beef cattle operation in 2021 ranging from zero to six with zero being 0% to 19.99% and six being 80% to 100%
	+/-

	Household Income
	Respondents’ total taxable household income for 2021 categorized as integers ranging from 0 to 10 with zero less than $10,000 and 10 being greater than $500,000
	+/-

	Cow%
	Percentage of total head of Cow in their herd
	+/-

	Stocker%
	Percentage of total stocker purchased and raised in their herd
	+/-

	Feedlot%
	Percentage of total cattle in a feedlot in their herd
	+

	
	
	

	Traditional
auction
	=1 of the respondent primarily marketed their cattle in a traditional auction market 
	+

	Risk Preference
	Willingness to take on risk in the cattle business with one being Scale of willingness to take risk with 0 is not at all willing to take risks to 10 being very willing to take risks, scale
	-

	Effectiveness
	Respondents’ perceived effectiveness of risk management tools ranging from a scale of 1 (no idea) to 7 (extremely effective)
	+

	Understanding
	Respondents’ understanding of the risk management tools ranging from a scale of 1 (no idea) to 7 (extremely well)
	+

	Small
	Respondents stating their agreement with the statement that their cattle operation is too small to benefit from price risk management with one being completely disagree and five being completely agree 
	-

	Daily
	=1 if producers indicated they check cattle prices daily and zero otherwise
	+





[bookmark: _Toc163467937]Table 2. Descriptive Statistics of Variables
	Variable
	Observations
	Mean
	Standard Deviation
	Minimum
	Maximum

	Age
	595
	59.047
	12.787
	26
	89

	Education
	599
	0.503
	0.500
	0
	1

	Cattle Income
	599
	2.323
	2.225
	0
	10

	Household Income
	599
	4.591
	2.190
	0
	9

	Cow%
	594
	0.549
	0.231
	0
	1

	Stocker%
	594
	0.105
	0.237
	0
	1

	Feedlot%
	594
	0.036
	0.128
	0
	1

	Traditional Auction
	599
	0.806
	0.395
	0
	1

	Risk Preference
	599
	5.566
	2.958
	0
	10

	Small
	599
	4.611
	2.000
	1
	7

	Daily
	599
	0.185
	0.389
	0
	1


  Note: Calve% (31%) was dropped because of multicollinearity.


[bookmark: _Toc163467938]Table 3. Parameter Estimates from Multivariate Probit Analysis
	Parameters
	LRP
	Futures
	Options

	
	Estimates
	Standard error
	Estimates
	Standard error
	Estimates
	Standard error


	Age
	0.005
	0.007
	0.019
	0.012
	0.013*
	0.008

	Education
	0.214
	0.179
	0.067
	0.295
	0.276
	0.278

	Cattle Income
	0.096**
	0.035
	0.038
	0.050
	0.057
	0.052

	Household Income
	0.041
	0.043
	0.049
	0.612
	0.105*
	0.056

	Cow%
	1.129**
	0.552
	-0.499
	0.770
	-0.188
	0.871

	Stocker%
	0.643
	0.473
	0.287
	0.640
	-0.065
	0.613

	Feedlot%
	0.516
	0.670
	1.156*
	0.694
	1.213*
	0.679

	Traditional Auction
	0.142
	0.219
	-0.149
	0.307
	0.497*
	0.293

	Risk Preference
	0.028
	0.033
	0.112**
	0.047
	0.004
	0.042

	Effectivenessa
	-0.011
	0.057
	0.158**
	0.052
	-0.031
	0.083

	Understandingb
	0.438***
	0.052
	0.203**
	0.070
	0.348***
	0.085

	Small
	-0.042
	0.042
	-0.150**
	0.058
	-0.145**
	0.048

	Daily
	0.362*
	0.216
	0.772**
	0.313
	0.895***
	0.243


	Intercept
	-4.318***
	0.760
	-4.423***
	1.253
	-4.454***
	1.020


	
	
	
	


	Rho 1 & 2
	0.281
	
	 

	Rho 1 & 3
	0.605**
	
	 

	Rho 2 & 3
	0.731***
	 
	 


Note: *p < 0.10; **p < 0.05; ***p < 0.01
a  Represents Respondents’ perceived effectiveness of risk management tools ranging from a scale of 1 (no idea) to 7 (extremely effective)
b Represents Respondents’ understanding of the risk management tools ranging from a scale of 1 (no idea) to 7 (extremely well)


[bookmark: _Toc163467939]Table 4. Marginal Effects for the Price Risk Management Tools
	Parameters
	LRP
	Futures
	Options

	
	Estimates
	Standard error
	Estimates
	Standard error
	Estimates
	Standard error

	Age
	0.006
	0.001
	0.001*
	0.001
	0.001
	0.001

	Education
	0.025
	0.022
	0.004
	0.017
	0.015
	0.016

	Cattle Income
	0.011**
	0.004
	0.002
	0.003
	0.003
	0.003

	Household Income
	0.005
	0.005
	0.003
	0.003
	0.006*
	0.003

	Cow%
	0.136**
	0.065
	-0.029
	0.045
	-0.01
	0.049

	Stocker%
	0.078
	0.056
	0.017
	0.037
	-0.004
	0.034

	Feedlot%
	0.062
	0.081
	0.067
	0.041
	0.067
	0.036

	Traditional Auction
	0.017
	0.026
	-0.009
	0.018
	0.027*
	0.016

	Risk Preference
	0.003
	0.004
	0.006**
	0.002
	0.000
	0.002

	Effectivenessa
	-0.001
	0.006
	0.009**
	0.003
	-0.002
	0.005

	Understandingb
	0.053***
	0.005
	0.012***
	0.004
	0.019***
	0.004

	Small
	-0.005
	0.005
	-0.009**
	0.003
	-0.008**
	0.003

	Daily
	0.043*
	0.026
	0.044**
	0.017
	0.049***
	0.011


Note: *p < 0.10; **p < 0.05; ***p < 0.01
a  Represents Respondents’ perceived effectiveness of risk management tools ranging from a scale of 1 (no idea) to 7 (extremely effective)
b Represents Respondents’ understanding of the risk management tools ranging from a scale of 1 (no idea) to 7 (extremely well)



[bookmark: _Toc163467952]Figure 1. Beef Cattle Producers’ Use of Price Risk Management Tools



[bookmark: _Toc163467953]Figure 2. Beef Cattle Producers’ Understanding of Price Risk Management Tools



[bookmark: _Toc163467954]Figure 3. Beef Cattle Producers’ Perceived Effectiveness of Price Risk Management Tools
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PRICE RISK MANAGEMENT USE IMPACT ON TEHNICAL EFFICIENCY FOR CATTLE PRODUCERS


[bookmark: _Toc163467833][bookmark: _Hlk159507147]Abstract
This research examines how price risk management tools impact operational efficiency in beef cattle firms. Using a two-stage Data Envelopment Analysis (DEA) on a dataset of beef cattle operations, we analyze income and input metrics in the first stage, and then efficiency scores and risk management tools in the second. Results show that firms using options contracts demonstrate the highest efficiency, followed by LRP and futures contracts. The parameter estimates from the regression suggest positive effects for options contracts and LRP on efficiency. An increase in manager experience also positively affects efficiency. This research contributes insights into the relationship between risk management tools and efficiency in beef cattle operations.


[bookmark: _Toc163467834]Introduction
The volatility inherent in the agricultural markets pose a significant threat to the profitability and sustainability of beef cattle production in the United States (US). (Hart et al. 2001; Hall et al. 2003; Belasco et al. 2009; Tonsor and Schroeder 2011). Several studies have noted that price risk, which is the uncertainty of the expected price of a commodity at its time of sale, is the primary threat to cattle producers’ profitability. US cattle producers do have price risk management tools available such as futures contracts, options contracts, and livestock risk protection (LRP) to help manage price risk and reduce losses from price declines. Despite their potential to mitigate risk, the use of such tools remain limited across the US (Hill 2015; McKendree, Tonsor, and Schulz 2021). 
	The literature has documented price risk management tools can effectively manage risk when adequately implement (Belasco et al. 2009; Feuz 2009; Burdine and Halich 2014; Merritt et al. 2017; Wei 2019; Boyer and Griffith 2023a, 2023b), but obstacles remain for producers to use these tools. Many of these studies have analyzed how to utilize futures contracts, option contracts and LRP for various scenarios as well as the most effective tool for farm size and marketing period (Burdine and Halich 2014; Merritt et al. 2017; Wei 2019; Boyer and Griffith 2023a). However, few studies have analyzed how the use of the tools have impacted using these tools on farm profitability or efficiency using producer data. Determining the impacts of using these tools on farm profitability and efficiency could be a way to encourage use by demonstrating the effectiveness of these tools. 
[bookmark: _Hlk164280817]Technical efficiency can be defined as how effective a firm (or decision-making unit [DMU]) is at maximizing output from a given bundle of inputs or to produce a given level of output while minimizing inputs (Farrell 1957). Analyzing the technical efficiency for various crop and livestock production systems has been the focus of research for decades (Sexton 1986; Chavas and Aliber 1993; Morrison Paul et al. 2004). Regarding livestock operations, several studies have applied this method to estimating how factors such as herd size and acres impact technical efficiency of beef cattle production (Featherstone, Langemeier, and Ismet 1997; Rakipova, Gillespie, and Franke 2003; Qushim et al. 2018). Larger farm sizes and higher income levels are significantly correlated with increased technical efficiency, suggesting that economies of scale and financial capability play critical roles in optimizing production processes (Featherstone, Langemeier, and Ismet 1997). Rakipova, Gillespie, and Franke (2003) extended this analysis by showing that not only does farm size contribute to efficiency, but also the age and experience of the farm operator, with more experienced producers achieving higher technical efficiency levels. This highlights the importance of experience on efficiency. Additionally, Qushim et al. (2018) found that along with advanced technology adoption, the size of the farm and the age of the operation positively impacted technical efficiency.
These studies commonly use a generalized linear programming method, known as the data envelopment analysis (DEA) (Charnes et al. 1978). While the DEA method indicates which DMU is the most technically efficient, a shortcoming of this method is the lack of understanding about how managerial changes can improve technical efficiency. A two-stage DEA method was developed to examine the statistical relationships between technical efficiency and environmental/exogenous variables - sometimes called nondiscretionary inputs (Vitale, Vitale, and Epplin 2019; Watkins et al. 2014). Yi and Ifft (2019) examined the relationship between dairy farm financial performance and labor-use efficiency. Their study found that higher labor productivity and labor cost efficiency are positively associated with better financial performance on dairy farms. Hadrich and Johnson (2015) illustrate that the implementation of risk management tools can help stabilize revenues and lower costs of purchased feed, effectively managing economic fluctuations in dairy farms. Regarding beef cattle, Boyer et al. (2020) found that Master Beef Producer program effectively enhances the technical efficiency of beef production across Tennessee. The positive findings from the MBP study support the notion that structured programs that enhance producer capabilities can lead to more efficient production systems.
While existing research has demonstrated various management decision can impact technical efficiency for livestock, no study, to our knowledge, has specifically investigated the impact using price risk management on technical efficiency in this context. Therefore, the aim of this study is to explore the relationship between price risk management tools (futures contracts, option contracts, and LRP) and technical efficiency in beef cattle firms through a two-stage DEA framework. The first stage assesses the operational efficiency, using income from cattle production as the output variable and incorporating key inputs such as livestock numbers and land metrics. The second stage investigates the influence of risk management tools and producers' experience on efficiency. This research seeks to shed light on the connections between price risk management tools and the operational efficiency of beef cattle firms and contributes to a deeper understanding of effective decision-making within the industry.

[bookmark: _Toc163467835]Data
Data came from a 2022 email survey of US beef cattle producers. A list frame of 110,000 US beef cattle producers was purchased from DTN. A total of 22,581 emails were bounced or failed to send, leaving a total of 87,419 email addresses. The survey was administered following Dillman’s (2007) method using Qualtrics (XXX IRB-XX-XXXXX-XX). A pretest sample of 15 livestock producers and Extension Agents received a survey before the launch. The survey questions and format were revised using feedback from the pretest. Individuals identified with an email address received the survey on June 1, 2022. A reminder email was sent one week following the initial delivery, and another reminder was sent a week following that first follow-up email. We received 699 responses, of which 599 were completed surveys, and the response rate was slightly less than 1%. While this is a low response rate, it is consistent with other emailed cattle producer surveys, which had a response rate of 1.9% (McKendree, Tonsor, and Schulz (2021). Of these 599 responses, 533 were deemed suitable for analysis after a thorough data cleaning process. 
	The first section of the questionnaire included questions on livestock numbers (bulls, cows, calves, and stocker) and farm size (acres of cropland, pasture, and hay). The following section included questions about using price risk management tools such as LRP, futures, options contracts, and forward contracting. Finally, we asked the producers about their household income, the percentage of household income generated from cattle production, their age, education level, and experience.
	To ascertain the income generated solely from cattle production, we utilized responses from two specific questions in our survey. The first question sought to determine the total taxable household income, encompassing both farm and non-farm sources for the year 2021. Participants were provided with income brackets to indicate their total household income, ranging from less than $10,000 to $500,000 or greater, with intervals such as $10,000 to $29,999, $30,000 to $49,999, up to $250,000 to $499,999. The second question asked participants to indicate the percentage of their household income derived from beef cattle operations, with options ranging from 0% to 100% in increments of 20%. To calculate the income derived from cattle production, we first determined the midpoint value for each income bracket reported by survey respondents. For example, a reported income range of $50,000-$99,999 was assigned a midpoint of $75,000. Next, we identified the midpoint percentage of the total household income attributed to beef cattle operations, with a selected range of 20% to 39.99% translating to a midpoint of 30%. The estimated income from cattle production was found by multiplying the midpoint of the household income by the midpoint percentage of income from cattle operations. This provided a quantifiable estimated income for analysis. This technique mirrors the analytical framework utilized in recognized studies, such as Vitale, Vitale, and Epplin (2018) and Ji et al. (2023). Vitale, Vitale, and Epplin (2018) used total annual gross revenue from crops as the output measure in evaluating farm efficiency, emphasizing revenue's role in gauging economic performance (Vitale, Vitale, and Epplin, 2018). Similarly, Ji et al. (2023) underscored the significance of farm income in assessing the technical efficiency of Western Great Plains wheat farms, thereby affirming farm revenue's centrality in efficiency analyses.

[bookmark: _Toc163467836][bookmark: _Hlk162210413][bookmark: _Hlk162211977]Methods
We conducted a two-stage DEA analysis to determine if price risk management tools impact the efficiency of their cattle production. DEA is a non-parametric technique that evaluates efficiency by comparing the weighted sum of outputs to the weighted sum of inputs for each DMU. By identifying the efficient frontier, which represents the highest observed output-to-input ratios, the DEA method calculates the efficiency of each observation based on its proximity to this frontier (Sexton 1986; Chavas and Aliber 1993).	
To conduct our analysis, we adopted an output-based DEA model, as recommended by Morrison Paul et al. (2004) and Olson and Vu (2009), given that our inputs (land acreage and cattle count) were assumed to be fixed in the short-term while producers aimed to maximize their outputs. Considering the variability in returns-to-scale among farms, which previous studies have noted to exhibit increasing, decreasing, or constant returns-to-scale (Morrison Paul et al. 2004; Vitale, Vitale, and Epplin 2019 ), we assumed that producers had variable returns-to-scale. Incorporating the specified inputs and output into the DEA model, the efficiency of each beef cattle producer is assessed based on a more comprehensive set of factors that consider the varied components of livestock and land resources. 
The model is formalized as follows. Let k represent a DMU, in this context a beef cattle producer, with k=1,2,...,K covering all producers in the dataset. The analysis considers multiple inputs but only a single output, which is the income from cattle production. The inputs included are the head of bulls, cows, calves, stockers, as well as acres of pasture, cropland, and hay. The single output is the income generated from cattle production, denoted as  for each DMU k. The observed level of input i from DMU k is represented as, with the respective weights assigned to inputs and output for each DMU being ​ and . The efficiency score for each DMU k, denoted by, is the ratio of weighted output to the sum of weighted inputs, calculated as follows:
(2) =  

The objective is to maximize the efficiency score for each producer:
(3) max = max (
Subject to 
 ,
,
.
The first constraint states the weighted sum of the single output should not exceed the weighted sum of the multiple inputs for each producer. The second constraint states the sum of the weighted inputs must be normalized to one for comparability and the final constraint means all weights must be non-negative, reflecting the principle that inputs and outputs contribute positively to the production process.
	To estimate the efficiency scores of beef cattle producers, we utilized the 'Benchmarking' package within the RStudio environment. This package provides comprehensive methods for frontier analysis, including DEA, under various technology assumptions and with support for different efficiency measures (Bogetoft and Otto 2024). It allows for the inclusion of partial price information and supports the calculation of optimal cost, revenue, and profit, making it particularly suitable for our analysis of operational efficiency in beef cattle production.
	In the regression component (the second stage), we aim to investigate the determinants of efficiency among beef cattle producers, which were obtained from the first stage of our DEA model. The regression equation was formulated as follows:
(4) [bookmark: _Hlk162121012][bookmark: _Hlk162121044][bookmark: _Hlk162121130] =  +   + 
where  represents the efficiency score for the DMU, which in our case is the efficiency score of producer k. The β coefficients (through  ​) estimate the impact of the independent variables on the efficiency score. The independent variables  to  are factors that potentially influence efficiency, which, for our model, include the usage of options contracts, futures contracts, and LRP, denoted by binary variables, and the producers' experience measured in years. The error term ​ was assumed to be truncated at zero, accounting for the one-sided nature of efficiency scores that can only take on positive values.
	The binary variables for the use of options contracts, futures contracts, and LRP take on the value of one if the producer utilizes the respective price risk management tool and zero otherwise. The producers' experience is a continuous variable reflecting the number of years they have been operating in cattle production. By estimating this regression model, we can ascertain the quantitative impact of price risk management tool use and producer experience on efficiency scores. Positive β coefficients would suggest a favorable impact on efficiency, indicating that the use of these tools and greater experience are associated with higher efficiency levels among producers. Conversely, negative β coefficients would suggest an adverse effect.

[bookmark: _Toc163467837][bookmark: _Hlk163458084]Hypothesized Variable Signs		
For our truncated regression analysis, our dependent variable is technical efficiency, and our independent variables are the use of LRP, futures contracts, and options contracts. We hypothesize that adopting price risk management tools will increase cattle production efficiency. Thus, the sign for these variables will be positive. This approach aligns with Mgale and Yunxian (2021), where they found that among the smallholder rice farmers, use of price risk protection mechanism leads to more income. Also, Birthal, Hazrana and Negi (2021) found that all risk management strategies effectively improved farm income for smallholder agriculture. As our method signifies maximizing income leads to the production being more efficient. Moreover, Hadrich and Johnson (2015) mentioned that the dairy farmers’ use of risk management tools helps them to stabilize their revenue. 
	Moreover, from the study by Yusuf and Malomo (2007), we find that years of experience significantly contribute to the technical efficiency of poultry egg farmers, with more seasoned producers exhibiting higher efficiency level. Rakipova, Gillespie and Franke (2003) also found that more experiences producers are likely to have more technically efficient production. Qushim et al. (2018) bolstered this by finding that among other factors, experience of farming is associated with higher technical efficiency. Therefore, in line with these findings, we hypothesize a positive sign for the impact of experience on the technical efficiency of the beef cattle operations in our study. 

[bookmark: _Toc163467838]Result
Table 5 shows the summary statistics for cattle producers’ variation in economic returns, operational scales, and producer experience.[footnoteRef:3] An average cattle income of $35,026 but this value ranged from $500 dollars annually to $450,000 annually. Similarly, the livestock and land use variables illustrated wide variability. The average number per operation of bulls was seven head, cows 85 head, calves 54 head, and stocker cattle 58 head. The average farm size included 957 acres of pasture, 104 acres of cropland, and 95 acres of hay. The experience variable, with an average of 26 years and spanning from 1 to 62 years, indicates a broad mix of both new and seasoned producers.  [3:  All tables and figures are in the appendix.] 

[bookmark: _Toc163467839]DEA Result		
Table 6 presents the average technical efficiency scores for beef cattle producers utilizing different price risk management tools. The results highlight the varying levels of efficiency associated with the use of futures contracts, options contracts, LRP insurance, and the absence of any price risk management tool ("none").
	Producers who utilize options contracts exhibit the highest mean technical efficiency score of 0.637. The average technical efficiency score for producers using LRP insurance is 0.494 and for the use of futures contracts, the average technical efficiency score was 0.474. Interestingly, the use of any of these price risk management tools increased the technical efficiency relative to not using any of these tools (0.341). This finding underscores the importance of employing risk management strategies in enhancing technical efficiency. Overall, these findings highlight the impact price risk management tools can have on enhancing the technical efficiency of beef cattle production.	
Figure 4 illustrates the distribution of beef cattle producers using different price risk management tools across various efficiency score ranges. These ranges were categorized in intervals from 0-0.1 up to 0.9-1. The figure shows the number of producers at the various technical efficiency scores for each price risk management tool. We can observe that producers using futures contracts are mostly concentrated in the efficiency score ranges of 0.1-0.5. LRP was utilized across a wide spectrum of efficiency scores. It is notably prevalent in the lower efficiency ranges (0-0.3) but more firms were in the highest efficiency bracket (0.9-1) than futures and options contracts. Firms using options contracts had the small presences in the lower technical efficiency scores and the majority of the firms’ using options contracts were in the high technical efficiency range. 
	Figure 5 depicts the distribution of beef cattle producers who did not employ any price risk management tools across various efficiency score ranges. The largest concentration of producers who did not use risk management tools falls within the 0.1-0.3 efficiency score range, with a total of 207 producers. The 0-0.1 and 0.9-1 ranges show the fewest number of producers, with 76 and 45 producers, respectively. This indicates that fewer producers are operating at the extremes of efficiency without the support of risk management tools. It may imply that achieving high or low efficiency is less common without using price risk management. 

[bookmark: _Toc163467840][bookmark: _Hlk162210576]Regression Result		
For our truncated regression analysis, our dependent variable is the estimated technical efficiency measure from the DEA. In Table 7, we present the outcomes of our maximum likelihood truncated regression analysis. The results show the relationship between the use of price risk management tools and cattle production efficiency. The estimated parameter for futures contract was 0.134, which was not statistically significant, suggesting that the use of futures contracts does not have an impact on technical efficiency within our data. The options contract has a positive estimate of 0.518 and was significant at the 10% level, indicating that the use of options contracts was associated with an increase in technical efficiency. The estimated parameter for the use of LRP shows a significant positive effect on efficiency at the 5% level with an estimate of 0.359. Thus, LRP contributes to higher efficiency in cattle production, which is in line with the hypothesized positive relationship. This result along with the use of the options contractions supports the hypothesis that price risk management positively affects cattle production efficiency.
	The experience of producers, with a positive estimate of 0.008, was significant at the 5% level, reinforcing the hypothesis that more experienced producers are likely to achieve higher efficiency levels. The significance of experience supports the insights from Yusuf and Malomo (2007), affirming the hypothesis that more experienced farmers are likely to be better at implementing and benefiting from risk management strategies, thus positively influencing efficiency.

[bookmark: _Toc163467841]Conclusion
We analysis the relationship between price risk management tools and cattle production efficiency. Previous work has shown the effectiveness of these tools on managing price risk if implement correctly. However, few studies have analyzed how the use of price risk management impacts actual cattle operation businesses. Furthermore, to our knowledge, no one has estimated how using price risk management impacts technical efficiency of cattle operations. 
We used data collected from a US cattle producer survey. We implement a two-stage technical efficiency approach. The first step is measuring technical efficiency using the DEA process with farm income as the output. Then, we use these estimated technical efficiency measurements in a maximum likelihood truncated regression to determine how the use of LRP, futures contracts, and options contracts on technical efficiency. 
	The DEA results reveal that the utilization does increase technical efficiency. The regression analysis shows options contracts and LRP are associated with increased efficiency in cattle production operations. This relationship validates our initial hypotheses and aligns with existing literature, emphasizing the potential benefits of these tools in mitigating price risks, and optimizing overall operational outcomes. Furthermore, our analysis underscores the importance of experience in driving efficient decision-making within cattle production. The positive coefficient for the farm manager’s experience reinforces the notion that a well-informed and experienced approach to risk management contributes to improved efficiency, allowing producers to navigate uncertainties more adeptly.
	The outcomes of our study have broader implications for the cattle industry, as they shed light on the practical impact of incorporating risk management tools into efficiency. By understanding the positive influence of these tools on production efficiency, producers can make more informed choices that have the potential to enhance their financial sustainability. While these results are unique and contribute to the literature of effectiveness of price risk management for cattle production, the study is not without limitation. Primarily, we have a smaller sample of US cattle producers. 
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[bookmark: _Toc163467940]Table 5. Summary Statistics of Price Risk Management Users
	Variables
	Observations
	Mean
	Standard Deviation
	Minimum
	Maximum

	Cattle Income
	533
	35,026.27
	52,143.18
	500
	450,000

	Bulls
	532
	7.42
	45.34
	0.00
	940

	Cows
	532
	84.92
	169.89
	0.00
	2085

	Calves
	532
	54.14
	141.76
	0.00
	1850

	Stocker
	533
	58.16
	270.71
	0.00
	3600

	Pasture
	532
	957.02
	6218.62
	0.00
	105,000

	Cropland
	533
	104.40
	434.91
	0.00
	5000

	Hay
	531
	95.31
	168.12
	0.00
	2000

	Experience
	532
	25.74
	13.71
	1.00
	62





[bookmark: _Toc163467941]Table 6. Average Technical Efficiency Score for Different Price Risk Management Tools Used by Beef Cattle Producers
	Risk Management Tool Used
	Mean Efficiency Score

	Futures
	0.474

	Options
	0.637

	LRP
	0.494

	None
	0.341





[bookmark: _Toc163467942]Table 7. Parameter Estimates from the Maximum Likelihood Truncated Regression (n=532)
	Variables
	Estimates
	Standard Error

	Intercept
	-0.514*
	0.227

	Futures contract
	0.134
	0.228

	Options contract
	0.518*
	0.301

	LRP
	0.359**
	0.161

	Experience
	0.008**
	0.003

	Sigma
	0.540***
	0.057


Note: *p < 0.10; **p < 0.05; ***p < 0.01



[bookmark: _Toc163467955]Figure 4. Distribution of Price Risk Management Tools Across Efficiency Score Ranges



[bookmark: _Toc163467956]Figure 5. Efficiency Score Distribution of Producers Without Risk Management Tools
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