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ABSTRACT

The objective of this study was to describe the current state of Tennessee (TN) dairy operations.  Our sub-objective was to identify barriers to dairy operations’ profitability and permanency.  A survey was distributed electronically and by mail in August 2019.  Data were collected on producers’ farm demographics, milk market perceptions, records and management, infrastructure, stress and concerns, profitability perceptions, and farm future.  Ninety surveys (48% response rate) were returned and used in the analyses.  The FREQ procedure with a chi-square analysis (SAS 9.4; P < 0.10) was used to determine the association of farm demographics, records and management, infrastructure, and stress and concerns group variables with producers’ plan (stay or exit) and years profitable (≤ 2 years or 3 to 5 years).  The LOGISTIC procedure (SAS 9.4) was used to identify variables impacting producers’ plan and years profitable with significance at P < 0.10.  Mean ± SD dairy herd size was 250 ± 356 in TN with 26 ± 6 kg per day per cow mean milk production and 4.4 ± 0.5 bulk tank somatic cell score (BTSCS).  Most dairies (72%; n = 65) had non-family employees and marketed milk through cooperatives (50%; n = 45), but preferred direct plant contracts to market their milk (56%; n = 49).  Increased non-family and total employee numbers, decreased BTSCS, comparison to industry standards, and investment in dry cow housing increased the odds of being 3 to 5 years profitable.  Dairies with decreased non-family and total employee numbers, herd size ≤ 126 cows, written financial records, investment in financial consulting, and no planned infrastructure improvements had higher odds of exiting the industry.  Identifying BTSCS risks, promoting the importance of financial record keeping and financial consulting, and making informed investment decision in farm could improve profitability and permanency of TN dairy operations.
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[bookmark: _Toc83288219]Review of Literature
[bookmark: _Toc83288220]INTRODUCTION
In 2014, the dairy industry contributed $33.5 billion to the US economy and accounted for 9% of agricultural sales (USDA, 2014).  The transformation of the US dairy industry brought changes in the herd size, production location, and licensed dairies numbers (Macdonald et al., 2007, MacDonald et al., 2016, MacDonald et al., 2020).  While the herd size and production continued to increase over the years, licensed dairies continued to exit from the industry (MacDonald et al., 2020, Nepveux, 2021).  While the number of larger dairies (≥ 1,000 cows herd) increased over the year and milk production shifted towards western states, many small (10 to 199 cows herd) and midsized dairies (200 to 999 cows herd) went out of business (MacDonald et al., 2020, Nepveux, 2021).  Researchers identified factors impacting exiting the dairy industry in Maine (Bragg and Dalton, 2004), Louisiana (Rahelizatovo and Gillespie, 1999), New York (Tauer, 2006), and Connecticut (Foltz, 2004).  Producer’s age, farm income, and milk price were all exit-decision factors identified (Mishra and Morehart, 2001, Bragg and Dalton, 2004, Foltz, 2004).  Dairy farm profitability and producers’ perception could also influence their decisions of farm management.  However, limited studies exist focused on factors affecting profitability and permanency of Tennessee dairy operations.  This chapter overviewed the previous literatures focusing on the changes in the US dairy industry and how dairy producers’ perceptions and farm demographics might impact farm profitability and exit decision.
[bookmark: _Toc83288221]THE US DAIRY INDUSTRY
The changes in the US dairy farming included herd size, farm ownership, milk yield, number of dairy operations and milk production area (MacDonald et al., 2016).  According to MacDonald et al. (2016), dairies with < 150 cows supplied most milk in the US in 1996.  By 2014, most milk in the US came from dairy herds with > 900 cows.  The mean herd size increased from 50 cows in 1987 to 175 cows in 2017 (MacDonald et al., 2016, MacDonald et al., 2020).  However, the median point of the dairy herd size, which truly showed the magnitude of herd size increase in the US, went from 80 cows in 1987 to 1,300 cows in 2017 (MacDonald et al., 2020).  Small commercial dairy herds (10 to 199 cows) comprised 56% (30,373) of all farms in the US in 2017, which was substantially lower than the number of small dairies in 1987 (146,685) (MacDonald et al., 2020).  As expected, the total milk produced by dairies with 10 to 199 cows accounted 68% of the milk cows in the US in 1992, reduced down to 22% in 2017 (MacDonald et al., 2020).  Over time, larger dairies became even larger (often ≥ 5,000 cows herd), milking > 50% cows in the US (MacDonald et al., 2020).
Most dairies were family owned with family members handling farm activity and crop production.  By 2014, most dairies had more hired employees working with the family members and purchased most of their feed (MacDonald et al., 2016).  Even though the number of the dairy cows remained between 9.1 to 9.4 million for the last 10 year, per cow milk production steadily increased from 5,405 kg in 1980 to 10,808 kg in 2020 (MacDonald et al., 2016, USDA-NASS, 2021b).  Total annual milk production increased 14% from about 89 billion kg in 2011 to 101 billion kg in 2020 (USDA-NASS, 2021b).
From 2002 to 2017, the number of licensed dairies reduced at an annual rate of 4.1% (MacDonald et al., 2020, USDA-NASS, 2021b).  The rate of dairy farm exit was increased in 2018 (6.8% of 2017) and 2019 (8.8% of 2019) (MacDonald et al., 2020).  By 2020, the US had only 31,657 licensed dairy herd left as compared to 74,100 in 2002 (MacDonald et al., 2020, USDA-NASS, 2021b).  A Farm Bureau report on USDA-NASS data showed that the number of licensed dairies reduced in most states from 2019 to 2020 and no states had an increase in dairy operations (Nepveux, 2021).  According to a report that summarized 6 successive Census of Agriculture, farms with a herd size of 10 to 99 cows persistently declined (> 80%) in between 1992 to 2017 (MacDonald et al., 2020).  Farms with herd size between 100 to 199 cows reduced by > 50% in between 1992 to 2017 (MacDonald et al., 2020).
The location of dairy production also shifted from eastern US to the western US.  California, Texas, Colorado, Utah, Idaho, Washington, Arizona, Oregon, New Mexico, South Dakota, and Kansas contributed 47% of the US milk production in 2017, as compared to 31% in 1992 (MacDonald et al., 2020).  Most dairies in these western states had larger herd size (≥ 1,000 cows).  The cost of production was an important driver behind this shifting towards larger dairy farms (MacDonald et al., 2020).
[bookmark: _Toc83288222]PRODUCERS’ HERD CHARACTERISTICS ON FARM PROFITABILITY
Producers’ herd profitability is one of the key factor to producers’ permanency (Wilson, 2011).  Therefore, anything affects farm profitability could impact producers’ permanency in the dairy industry.  Herd variables such a milk production, herd size, bulk tank somatic cell count, farm location, number of family and non-family employees affected farm profitability in different ways.  Although milk price and production cost affected the financial returns to a degree, milk production was stronger predictor of farm profitability as reported by (Dhuyvetter, 2011).
Farm location could impact profitability as location impact the costs associated with employees, transportation, and specific inputs depending on specific markets (Winkler Stirm and St-Pierre, 2003).  While climate and soil quality could differ obviously, business culture might also differ among different geographic location (Hansson, 2007).  Yaemkong et al. (2010) reported that mean monthly milk production per cow and per farm significantly (P < 0.0001) differed across different farm location-size subclasses in Thailand.
Dairy cows have high fixed cost associated with housing, employees, and land.  Cows with higher yield could have more return on the associated costs and be more profitable (Faust et al., 2001).  Although Jago and Berry (2011) reported no associations between the milk production and herd size, Krpalkova et al. (2016) reported that herds with highest milk yield (≥ 9,000 kg) were the largest herds (809.07 ± 100.11 cows) in their study.  Although higher milk production was associated with higher feed costs (Nix, 1995), positive impact of milk yield on farm profitability was reported in several study (Vandehaar, 1998, Winsten et al., 2000, Gloy et al., 2002b).  Wilson (2011) reported that 65% variations in net margin performance between the most and least profitable farms were due to higher milk yield.
Total number of employees could be related to farm performance.  Return on farm employee was identified as an indicator to farm survival (Mishra and Morehart, 2001).  Faust et al. (2001) reported that the culling rate in the farm increased when cows per employee were > 50.  Similarly, Krpalkova et al. (2016) reported farm with cows per employee ≥ 60 had the highest feed costs.  The impacts of employee types (family and non-family) on dairy profitability were reported ambiguously.  Wilson (2011) indicated that lower per cow cost in the most profitable dairies was associated with the lower costs of the family employees.  However, Yaemkong et al. (2010) reported that farm with non-family employees had the highest monthly milk yield and revenue received per cow and per farm.  Their study suggested that variation in work efficiency of the employees was associated with the output from the employees.  Variation in employees’ work efficiency might be related to differences in human resources management in different farms to improve employee skills, ability, and experience (Rosenberg and Cowen, 1990, Bewley et al., 2001, Yaemkong et al., 2010).  
Dairies with large herd size were reported to have lower mean cost of production compared to smaller dairies (MacDonald et al., 2020).  According to the Agricultural Resource Management Survey, 2016 (Dairy Version), total cost of production was higher ($33.54/cwt) in smallest herd (10-49 cows) as compared to $17.16/cwt in the largest herds (≥ 2,000 cows) (MacDonald et al., 2020).  Larger dairies reduced unit cost of production by milking more cows and distributing fixed costs across production (von Keyserlingk et al., 2013, Krpalkova et al., 2016).  As well as larger dairies could have lower capital costs on their installed facilities and infrastructures (Dong et al., 2016).  Yaemkong et al. (2010) reported that farms with ≥ 20 milking cows per day had higher monthly milk yield and revenue per farm, compared to farms that had < 20 milking cows per day.  However, their study reported lower monthly milk yield and revenue per cow basis in the comparatively larger herd.  Yaemkong et al. (2010) indicated that lower per cow milk yield and revenue was associated with management of health and nutrition in those farms.  While herd size could be an important driver for farm costs and returns, location of farm, management, and infrastructure could also influence the financial performance of the farm (MacDonald et al., 2020).  Jago and Berry (2011) reported that herd size and milk price had less impact on dairy farm profitability than expected.
[bookmark: _Toc289175822][bookmark: _Toc83288223]PRODUCERS’ PROFITABILITY PERCEPTIONS
[bookmark: _Toc289175823]Perception was defined by Oxford-Languages (2021) as “a way of regarding, understanding, or interpreting something”.  Perception could be influenced by what we know and do not know (Renko et al., 2012).  Therefore, perception of business owners could influence opportunity recognition in the farm based on their knowns and unknowns (Renko et al., 2012), their choice of strategies, and decision making (Methorst et al., 2017), which in turn could influence the farm performance (Bigras-Poulin et al., 1985).  Ervin and Ervin (1982) indicated that producers’ personal characteristics such as age, attitude, education, and experience and land criteria (e.g. slope of land or location) defined their perception.
	Producers’ age was identified as an important determinant for farm efficiency and profitability (El-Osta; and Johnson, 1998, Bhuyan and Postel, 2009). Differences in management and investment decisions between older and younger producers could influence the farm output.  Bhuyan and Postel (2009) suggested that older producers’ were less likely to adopt new technologies compared to younger producers.  Osta and Johnson (1998) reported negative correlation between US dairy producers’ age and the costs of the farm, indicating reduced farm income with the increase in producers’ age.  Younger producers (< 40 years) could have higher debt-to-asset ratio, where higher debts indicate their higher needs for capital expansion (El-Osta; and Johnson, 1998).  On the contrary, O'Leary et al. (2018) reported that producers’ age was not predictive of farm financial performance, suggesting that age might not be the only factor influencing farm performance.
Farm manager’s attitudes were previously associated with better farm management, the adoption of management practices, and farm performance in previous research (Bigras-Poulin et al., 1985).  Bigras-Poulin et al. (1985) reported that producers’ choice of herd health program might differ based on their perception and could influence farm performance.  Producers’ farming experience, satisfaction towards farming, risk willingness, and level of education improved farm performance by reducing reproductive disorders, calving interval, and culling rate (Bigras-Poulin et al., 1985).  Producers’ decision-making in new situations is influenced by economic factors and psychological factors.  Since, producers’ management decisions are farm specific and related to different parts of the farm (van Schaik et al., 2001), Ondersteijn et al. (2003) speculated that individual producers’ choice of farming strategies influenced management and farm performance.  Variation in dairy producers education level, experience, and demographics will change farm management (Mishra and Morehart, 2001) and farm profitability even in similar farm settings (Rougoor et al., 1998).  Mishra and Morehart (2001) hypothesized financial performance was affected by farm owner characteristics, farm characteristics, and management strategies.  Their results indicated that farm size (P < 0.01) and use of extension services (P < 0.05) increased financial performance.  In contrast, producers’ working off the farm (P < 0.10) and managing their farm as an individual owner, rather than being in a partnership or corporation (P < 0.05) had lower returns on their labor and management.
Dairy farming required broad expertise in managing dairy cattle, crop production, and finances (Ford and Shonkwiler, 1994).  Because of the multi-faceted management required for dairy operations, a producer’s managerial ability impacted farm financial success (Ford and Shonkwiler, 1994).  Managerial ability has been represented as a set of demographic variables or production practices (Bigras-Poulin et al., 1985, Mykrantz et al., 1990).  Producers’ age, experience, and efficiency measures were related to farm profitability (Carley and Fletcher, 1986, Haden and Johnson, 1989).  Dhuyvetter (2011) suggested that individual managerial abilities were more important for long time survivability of dairies in Kansas.  With the increase in dairy herd size, manager’s role might change in terms of hiring, training, and evaluating employees, investment decisions for expansion, and coordinating between resources and needs (Hadley et al., 2002).  Hadley et al. (2002) suggested that unless the managerial role changed with the change in the herd size, farm performed poorly.
Mean number of personnel in the farm, good record keeping were positively associated with farm performance measured in term of reduction in reproductive disorders (Bigras-Poulin et al., 1985).  Wilson (2011) reported that most profitable dairies in England performed financial benchmarking.  Yaemkong et al. (2010) reported that producers who kept records had higher monthly milk production per cow and per farm basis, compared to those who did not keep records.  They suggested that record keeping improved monitoring, planning, benchmarking, and decision making.
Understanding producers’ thought processes could direct research to translate their researches into practice and set recommendations (Vasquez et al., 2019).  Willock et al. (1999) found that producers’ farm objectives were correlated with their attitude and behavior.  Vasquez et al. (2019) indicated that producers’ attitudes, belief, and self-confidence in performing a behavior were important determinants of prudent on-farm use of antimicrobials.  Producers who felt capable of prudent antimicrobial use expressed positive intension.  Their model showed that the most important attributes of producers’ intensions for antimicrobial use are increasing herd health, increasing profitability, and decreasing risk of residue.  Producers’ attributes included in this study were their perception regarding the consequences of selective dry cow therapy, uncertainty whether cows will recover without antimicrobials, and their attitude towards the negative effects of selective therapy on cows’ health (Vasquez et al., 2019).  Scherpenzeel et al. (2016) found that producers’ variations in producers’ choice of using either blanket or selective dry cow therapy was determined by their perceived positive or negative experience with the therapy applied.  
[bookmark: _Toc83288224] PRODUCERS’ DECISIONS OF FARM FUTURE
Dairy operations and cow numbers are decreasing, while milk production and herd size are increasing (USDA, 2012).  From 2015 to 2017, 130 dairies went out of business in Tennessee (USDA, 2015-2017).  Financial return was identified as the key to farm survivability (Paroissien et al., 2021).  Variability in financial return could occur from milk price volatility, feed costs, and hiring cost (Dhuyvetter, 2011).  Foltz (2004) reported that lower variation in previous year’s month to month variation in milk price reduced producers’ exit decision in Connecticut dairies.  Higher mean milk price in the preceding year helped producers to stay in the business in their study.  Similarly, Rahelizatovo and Gillespie (1999) indicated that high milk price reduced medium sized dairy (yielding 909 to 1818 kg/day) exit and increased the chance of small (yielding < 909 kg/day) and extra-large (yielding ≥ 2727 kg/day) farm to maintain their herd size in Louisiana.  Low milk prices might reduce on-farm income and increase producers’ exit intension.  In Louisiana, high feed price reduced the ability of extra-large farm to remain in their size (Rahelizatovo and Gillespie, 1999).  Government payments as a share of total sales or incentives could also contribute to the financial return, which might reduce farm exit (Paroissien et al., 2021).  Key and Roberts (2006) reported that total share of government payment reduced the rates of farm failure.  Although volatility of milk price and government policy had impact of producers exit in Pennsylvania, agricultural land value was reported to be the most important factor influencing exit decision (Stokes, 2006).
Producers decision to exit farming might revolve around identifying next operator for their operation (Pietola et al., 2003).  Producers might delay their exit while making new investment decision to support successful transfer of farm ownership (Paroissien et al., 2021).  Similarly, Dong et al. (2016) stated that existence of future operator reduced the likelihood of farm exit in the US.  Farms operated jointly by one or more associates or by family were less likely to exit compared those ran by single ones (Weiss, 1999, Paroissien et al., 2021).  An associates might provide support by securing successful ownership transition, thus, reducing the exit probability (Paroissien et al., 2021).  However, associates in a farm operation could also create conflicting situation in decision making, influencing the exit decision (Zhengfei and Lansink, 2006, Minviel and De Witte, 2017).
Age of producers and dairy operation increased exit intention in the US (Bragg and Dalton, 2004, Dong et al., 2016).  Dong et al. (2016) stated that dairy operation might become outdated over time considering farm infrastructure and management remaining the same and become less competitive.  On the contrary, Hoppe and Korb (2006) reported that older and more established farms were less likely to exit than the new farms.
Producers exit dairying prior to reaching retirement age could be influenced by their off-farm income.  McBride and Greene (2007) reported that producers’ with off-farm employment might have less time available to devote in dairy operation, which could results in avoidance or ignorance of the problem arises in their dairy operations.  However, the effect of off-farm income producers’ exit was interpreted as either a step for full exit (Weiss, 1999, Bragg and Dalton, 2004) or a way to support farming business (Kimhi, 2000, Breustedt and Glauben, 2007).  Bragg and Dalton (2004) suggested that as off-farm income constituted greater proportion of total farm income compared to on-farm income, probability of farm exit increased 5 times.  Goetz and Debertin (2001) indicated that off-farm incomes lead to high farm exit, as it provided support to the producers during instability and reduced the costs of moving to alternative employment.
Farm size might have an opposing effect of producers’ exit decision.  Tauer (2006) indicated that exit decision in New York dairies occurred when the milk price went below a price bound.  Their study indicated that price bound was higher small dairies (50 cows herd) than the larger dairies, suggesting that small dairies exited at smaller reduction in milk price compared to larger dairies in New York.  Reduced probability of exit intension of dairy producers also reported by Hoppe and Korb (2006) and Susanto et al. (2010).  The difference in cost of production and net return in between larger and smaller farms might influence the financial performance, hence the exit intension.  MacDonald et al. (2020) reported that mean cost of production was higher (> $27) in smaller dairies (< 100 cows herd), compared to that (< $17) of larger dairies (≥ 500 cows herd).  Net return was also higher in the larger dairies compared to the smaller dairies (MacDonald et al., 2020).  Bragg and Dalton (2004) reported that a higher return over variable cost reduced the likelihood of exit in Maine dairies.  The farm asset value of a larger farm might provide viable income for the producers and their family, which could increase farm survivability (Kimhi and Bollman, 1999).  On the contrary, the higher market value for selling larger dairies might also increase the probability of farm exit (Breustedt and Glauben, 2007).
Farm specialized in dairy was defined as farm with ≥ 80% income from milk production (Dong et al., 2016).  Specialized dairies were reported to be more likely to identify specific problem related to dairy operation and implement control strategies (Mishra and Morehart, 2001).  Thus, specialization increased the probability of higher financial return from dairying.  Bragg and Dalton (2004) reported that reduced probability of producers’ exit who were specialized in milk production.
	Susanto et al. (2010) reported that immigration policy that reduced the entry of foreign farm employee might cause a shortage of hired employee.  Shortage of hired employee increased the probability of farm exit by 10% as reported by Susanto et al. (2010).  Costa et al. (2011) reported that producers in a Democrat state with less stricter immigration laws were less likely to exit the industry.  Their study also indicated the negative impact of foreign farm employees’ shortage on producers’ exit intension.
[bookmark: _Toc83288225]CONCLUSIONS
Dairy producers’ exit has been consistent over the past years.  Studies conducted in different states of the US identified state specific factors contributing to producers’ exit decision.  Apart from the farm demographics, dairy producers’ perceptions could influence farm profitability and exit decisions.  However, information regarding factors impacting dairy operations’ profitability and exit in TN was limited.  Identifying these factors could improve profitability and permanency of TN dairy operations.
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[bookmark: _Toc83288228]ABSTRACT
The objective of this study was to describe the current state of Tennessee (TN) dairy operations.  Our sub-objective was to identify barriers to dairy operations’ profitability and permanency.  A survey was distributed electronically and by mail in August 2019.  Data were collected on producers’ farm demographics, milk market perceptions, records and management, infrastructure, stress and concerns, profitability perceptions, and farm future.  Ninety surveys (48% response rate) were returned and used in the analyses.  The FREQ procedure with a chi-square analysis (SAS 9.4; P < 0.10) was used to determine the association of farm demographics, records and management, infrastructure, and stress and concerns group variables with producers’ plan (stay or exit) and years profitable (≤ 2 years or 3 to 5 years).  The LOGISTIC procedure (SAS 9.4) was used to identify variables impacting producers’ plan and years profitable with significance at P < 0.10.  Mean ± SD dairy herd size was 250 ± 356 in TN with 26 ± 6 kg per day per cow mean milk production and 4.4 ± 0.5 bulk tank somatic cell score (BTSCS).  Most dairies (72%; n = 65) had non-family employees and marketed milk through cooperatives (50%; n = 45), but preferred direct plant contracts to market their milk (56%; n = 49).  Increased non-family (OR: 1.06; 90% CI: 1.001, 1.13; P = 0.097) and total employee numbers (OR: 1.07; 90% CI: 1.004, 1.14; P = 0.08), decreased BTSCS (OR: 0.08; 90% CI: 0.02, 0.30; P = 0.002), comparison to industry standards (OR: 2.52; 90% CI: 1.04, 6.14; P = 0.09), and investment in dry cow housing (OR: 4.04; 90% CI: 1.49, 10.95; P = 0.02) increased the odds of being 3 to 5 years profitable.  Dairies with decreased non-family (OR: 0.80; 90% CI: 0.65, 0.98; P = 0.07) and total employee numbers (OR: 0.72; 90% CI: 0.57, 0.92; P = 0.03), herd size ≤ 126 cows (OR: 2.74; 90% CI: 1.11, 6.76; P = 0.07), written financial records (OR: 2.79; 90% CI: 1.16, 6.67; P = 0.05), investment in financial consulting (OR: 0.33; 90% CI: 0.13, 0.84; P = 0.05), and no planned infrastructure improvements (OR: 11.78; 90% CI: 4.34, 32.02; P < 0.0001) had higher odds of exiting the industry.  Identifying BTSCS risks, promoting the importance of financial record keeping and financial consulting, and making informed investment decision in farm could improve profitability and permanency of TN dairy operations.
Keywords: farm demographic, investment, profitability, exit decision













[bookmark: _Toc289175826][bookmark: _Toc83288229]    INTRODUCTION
The US dairy industry has undergone a dramatic restructuring in its herd sizes, cow numbers, milk production, and farm numbers (MacDonald et al., 2020).  Production has shifted to the Western States and herd size and milk production have increased (MacDonald et al., 2020).  While the per cow and total milk production in the US increased, the overall number of licensed dairy operation decreased from 70,375 in 2003 to 31,657 in 2020 (Nepveux, 2021).  Although most US states experienced a decline in the total dairy operation numbers, the impacts were not the same for every state.  California, Wisconsin, Idaho, New York, and Texas continued to produce the highest amount of milk in 2020 (USDA-NASS, 2021b).  However, dairy producers’ exit from the industry reduced the overall production in many Southeastern states, including Tennessee, Alabama, Mississippi, South Carolina, and Kentucky among others, since 2010 (Nepveux, 2021).  Identifying factors affecting dairy producers’ exit in the Southeast US would be beneficial for providing need-based recommendations and improving permanency of individual operations in the Southeastern dairy industry.
Previous studies investigated factors affecting producers’ exit decision.  Herds < 50 cows (Chavas and Magand, 1988), greater price variance (Foltz, 2004), greater foreign employee ratio or employee shortage (Susanto et al., 2010), and stricter immigration laws in Republican states (Costa et al., 2011) were associated with increased dairy farm exits.  Economics (Rahelizatovo and Gillespie, 1999, Foltz, 2004), employee availability (Susanto et al., 2010), and farm diversification (i.e. solely dairy, or dairy with crops, additional livestock etc.) (Bragg and Dalton, 2004) impacted dairy farm closures.  
In Connecticut, lower milk price was identified as a strong driver for dairy producers’ exit (Foltz, 2004).  Higher feed cost, higher debt-to-equity ratio, and lower mean milk production also contributed to producers’ exit in Louisiana (Rahelizatovo and Gillespie, 1999).  Bragg and Dalton (2004) reported that older producers and producers with greater off-farm income, lesser returns over variable cost, and farm income sources other than dairy (such as crop or livestock), were more likely to exit in Maine.
Different approaches have been used to increase farm profitability such as reducing costs, reducing asset utilization per cow, increasing production, or changing milk marketing strategy to receive higher price (Dhuyvetter, 2011).  Individual producers’ choice of farming strategies could impact management and farm performance (Ondersteijn et al., 2003).  Farm management could change based on dairy producers’ education level, experience, and farm demographics (Mishra and Morehart, 2001) and profitability could vary even in similar production systems (Rougoor et al., 1998).  Identifying region-specific factors affecting farm profitability was necessary to develop strategies to support dairy producers.
 Profitability could be affected by diseases such as mastitis (Ruegg, 2017), milk yield per cow (Krpalkova et al., 2016, Ferrazza et al., 2020), producer’s personality and decision making (Hansson, 2008), managerial ability (Mishra and Morehart, 2001), farm specialization in dairy, and other sources of revenue (Hadley, 2006, Hansson, 2007, Wilson, 2011).  Facility modernization (Mayer and Kammel, 2010), financial return from employee (Dhuyvetter, 2011), and production and financial management (Gloy et al., 2002b) also impacted farm profitability.  Mishra and Morehart (2001) reported that larger farm size (P < 0.01) and use of extension service (P < 0.05) increased financial performance.  In contrast, producers’ working off the farm (P < 0.10) and managing their farm as an individual owner rather than being in a partnership or corporation (P < 0.05) had lower returns when employee inputs and management strategies were considered (Mishra and Morehart, 2001).  
To the best of author’s knowledge, research assessing Tennessee (TN) dairy operations’ current state is limited.  Understanding the current state of TN dairy operations could help identify factors that impacted profitability and decisions about their future (expand, stay the same, or close).  Our primary objective was to describe the current state of TN dairy operations.  Our secondary objective was to identify factors that could impact dairy operations’ profitability and decisions about their future (expand, stay the same, or close).  We hypothesized that farm demographics, records and management, infrastructure improvement decisions, and stress or concerns related to farm management would impact dairy operations’ profitability and decision about their future in TN.	
[bookmark: _Toc289175827][bookmark: _Toc83288230]MATERIALS AND METHODS
A survey of Tennessee (TN) dairy producers was conducted from August 2019 to September 2019.  All human subjects research was approved by The University of Tennessee, Institutional Review Board before conducting this study (UTK IRB-19-05427-XM).  Participation in this study was voluntary and all permitted TN dairy producers (n = 177) were eligible to participate. 
[bookmark: _Toc83288231]Survey Information
The survey was developed to describe the current state of TN dairy operations and to identify factors that impacted profitability and decision about their farm’s future.  The survey consisted of 41 questions that were grouped into the following categories: 1) farm demographics, 2) perceptions of TN milk market (MMP), 3) farm records and management, 4) farm infrastructure, 5) stress related to the dairy operation, 6) profitability perceptions, and 7) farm future.  Questions were a mixture of Likert scale, multiple choice, and short response (APPENDIX A).  Surveys were mailed to all active Grade A dairies (n = 177) in Tennessee.  Mailing addresses were obtained from the Division of Consumer and Industry Services, Tennessee Department of Agriculture.  An online version of the survey (Qualtrics Research Core, Qualtrics, Inc.) was shared via a listserv (TNDairyDiscuss; 136 subscribers) and through emails to county Extension Agriculture and Natural Resource Agents (n = 190) to increase response rate.
Farm demographics.  Producers were asked to provide their age (year), farm location (county), year owned, herd size (cows, calves, and heifers number), number of family and non-family employees, mean milk production (kg per cow per day), and most recent bulk tank somatic cell count (BTSCC; cells/mL) as of the survey date.
Milk market perceptions.  Producers were asked to indicate how they marketed most of their milk (i.e. cooperatives, direct plant contracts, and on-farm processing).  They also indicated their preferred way of milk marketing, regardless of the marketing strategy they were following at the time of survey completion.  Producers indicated their understanding level of Federal Milk Marketing Orders (FMMO), dairy product promotion (DPP) in TN, and processor bonding (PB) using a Likert scale (i.e. none, little, average, above average, and excellent).  Questions were asked regarding the amount offered and needed for PB, and factors that should be considered in PB.
Farm records and management.  Producers indicated the types of records they used for keeping financial and production data (i.e. written records, computer software, record keeping service, or combination of records).  They were asked how frequently (i.e. do not use, daily, weekly, monthly, annually, and other) they utilized their records, if they knew their production costs per hundredweight of milk (CWT; yes, no, or unsure), and if they benchmarked their costs to industry standards (yes or no).  They were also asked if they had a dairy management team (DMT; yes or no) and held employee meetings (yes or no) to discuss critical decisions, processes, procedures, and management.  As a part of risk management, producers indicated the risk management tools they used including dairy margin coverage, futures and options contracts, crop and dairy insurance programs, and forward contracting with suppliers.
Farm infrastructure.  Producers indicated their perceived number of functioning year (i.e. ≤ 5, 6 to 10, 11 to 15, and > 15 years) for current facilities including: parlor equipment, milk cow housing, calf housing, young stock housing, dry cow housing, manure handling system, and feed handling system.  Throughout this manuscript, “remaining useful life” was used to denote producers’ perceived number of functioning year for their facilities.  Producers were asked to indicate any infrastructure improvements made from 2014 to 2019.  Infrastructure improvements included investing in farm facilities, herd genetics, financial consulting, professional nutritionists, developing a business, transition, or manure management plan, stray voltage testing, and milk quality or udder health improvements.  Producers were also asked to indicate planned infrastructure improvements from 2020 to 2025.  
Stress and concerns.  Producers were asked to indicate their stress level (i.e. none, slight, moderate, high, and severe) related to their dairy operation currently and 5 years ago, relative to the time of survey completion.  They also indicated their concern level (i.e. none, slight, moderate, high, and severe) regarding employee, finances, production, milk marketing, state regulations, federal regulations, FMMO, milk price, milk quality, cost of production, and transitioning the farm to the next generation.
Profitability perceptions.  Producers were asked to indicate how many years they thought their operation had been profitable from 2014 to 2019.  Producers were also asked to describe the impact (i.e. strong negative, some negative, no impact, some positive, strong positive, and not familiar with this) of FMMO, state regulations, promotional strategies, and on-farm processing on their farm profitability and finances.  Producers were asked to evaluate themselves and their operations (i.e. not at all, slightly, somewhat, very much, and exactly like me) in terms of how modernization, herd size, dairying style, and personal actions impacted their profitability goals.  For example, a producer could respond to the statement “I will likely need to increase my herd size to remain profitable” as “Exactly like me.”
Farm future.  Producers were asked to describe their interest in on-farm processing and the impact (i.e. strong negative, some negative, no impact, some positive, strong positive, and not familiar with this) of state and federal regulations, start-up costs, employee access, and marketing.  Concerning their decisions to not increasing the herd size, producers were asked to describe the impact (i.e. not a factor, contributing, significant, and primary factor) of prelisted factors on their decisions.  For example, for a factor listed, i.e. access to financing, they could respond “a significant factor” or “the primary factor”.  They were asked to indicate the contribution of prelisted factors (i.e. not a factor, contributing, significant, and primary factor) to exiting the dairy industry in the next 5 years including retirement age, better off-farm employment, health issues, family time, and lack of financial support from dairy.  Finally, producers were asked if they planned to expand, maintain, or reduce herd size or exit the dairy industry in between 2020 to 2025.  They were also asked to indicate if they have a plan for farm transitioning and had identified a successor for their operation once they retired or exited the dairy industry.
[bookmark: _Toc83288232]Analyses
Surveys were received online (29%; n = 26) and via mail (71%; n = 64).  All surveys received were used in the analyses.
Statistical analyses
Descriptive stats.  Data were analyzed using SAS 9.4 (SAS Institute Inc., Cary, NC).  Mean ± SD of producers’ demographics, i.e. age, year owned, herd size (cow, calf, and heifer numbers), number of family, non-family, and total employees, milk production (kg per cow per day), and bulk tank somatic cell score, were calculated using the UNIVARIATE procedure of SAS 9.4.  Bulk tank somatic cell score (BTSCS) was calculated using Equation 1 [Log2(BTSCC/100000) + 3] (Shook, 1993).  Total employees number was calculated by adding family and non-family employees number.  Frequencies and percentages of producers’ farm location were calculated using the FREQ procedure of SAS 9.4. 
Information regarding MMP, records and management, infrastructure, stress and concerns, profitability perceptions, and farm future were analyzed using FREQ procedure of SAS 9.4.  To describe producers’ understanding of FMMO, DPP, and PB, responses were grouped into none to little, average, and above average to excellent categories.  Producers’ responses in stress and concerns questions were grouped into severe to high and moderate to none categories to describe their perceived level of stress and concerns related to their dairy operations.  To describe the impact levels of factors on their profitability, finances, and consideration of on-farm processing, responses were simplified into negative, no impact, positive, and not familiar with this categories.
Factors impacting producers’ farm profitability and decisions.  To determine how producers’ farm profitability and plan for their dairy’s future were impacted by variables in demographics, records and management, infrastructure, and stress and concerns question groups, producers were categorized based on their profitability from 2014 to 2019 (≤ 2 years or 3 to 5 years) and plans for their dairy operations from 2020 to 2025 (stay or exit).  Stay included their decision to expand, maintain, or reduce herd size, while exit included ending the dairy farm business or transitioning ownership to a family member.
Chi-square analyses were done to test the association of demographics, records and management, infrastructure, and stress and concerns group variables with producers’ years profitable and plan using the FREQ procedure of SAS 9.4 (Table 2.1) (All tables and figures were placed in APPENDIX B).  Variables with significant association (P < 0.10) with an n ≥ 5 when comparing with years profitable and plan were used for building univariable binary logistic regression (bLogit) models using the LOGISTIC procedure of SAS 9.4.  Significance of the univariable bLogit models was determined at P < 0.10.
[bookmark: _Toc83288233]RESULTS AND DISCUSSION
This study assessed TN dairy producers’ perceptions of milk market, farm management, profitability, and farm future.  The results of this study identified factors that could be addressed to improve dairy farm profitability and permanency.  Ninety survey responses (48% response rate) were received and used in the data analyses.  The respondents were reflective of dairy producers’ distribution across TN (Table 2.2), with most of the respondents being from East and Middle TN (Moss et al., 2012).
[bookmark: _Toc83288234]General Response Data
	Dairy producers’ mean age (year) was higher in TN (59 vs. 50), compared to all US dairy farms (Table 2.3) (USDA-NASS, 2019).  Similarly, mean cow number per herd was higher in TN (250 vs. 175), compared to that of all farms with milk cows in the US (Table 2.3) (MacDonald et al., 2020).  However, the mean milk production per cow per day (kg) in TN was lower (26 vs. 30) than the national average (Table 2.3) (USDA-NASS, 2021b).  Producers’ reported BTSCS (4.45 ± 0.51) in TN (Table 2.3), which corresponds to the BTSCC of 273,208 cells/mL (Norman et al., 2000), was higher than the USDA reported milk-weighted mean BTSCC in 2017 in the US (181,000 cells/mL) (USDA-APHIS, 2018).  In our study, 72% (n = 65) of the producers had hired employees along with the family members working in the farms.  According to the USDA-NASS (2019), 61% of the dairy farms hired farm employee in the US.
Although most producers (50%; n = 45) marketed their milk through milk cooperatives, direct plant contract was the preferred milk marketing system (56%; n = 49; Figure 2.1).  Very few producers employed on-farm processing (6%, n = 5).  However, 15% (n = 13) of the producers preferred on-farm processing (Figure 2.1).  Producers’ preference of milk marketing strategies depended upon the benefits they perceived from it.  Producers who preferred direct plant contract indicated benefits such as the price they received from it, market security, having no middleman or no contract, or having better communication with the plant.  Market security, transportation, contract, and milk testing arrangement, ease of milk marketing, decreased overhead and hauling costs, or the inputs from the other cooperative members were the perceived benefits among those who preferred milk cooperatives.  Producers who preferred on-farm processing perceived the benefits such as having better profit and price and popularity of local products.
The majority of producers had little to no understanding of FMMO (45%; n = 40), DPP (40%; n = 35), or PB (77%; n = 68) (Figure 2.2).  When asked about the level of PB needed to protect producers in TN, only 11% (n = 8) responded to be satisfied with the current level ($50,000 per plant).  The expected levels of processor bonding were $250,000 (20%; n = 15), $1,000,000 (27%; n = 20), and $5,000,000 or more (36%; n = 27).  Other producers (n = 5) were either unsure or not knowledgeable to make a comment.  Producers identified volume of milk purchased (50%; n = 40) and the number of dairies from which milk is purchased (28%; n = 22) as the main two factors on which processor bonding should be based (Figure 2.3).  The current amount of processor bonding was based on the total milk purchased by a processor or distributor from the producers during the month of May of the preceding year, however, not exceeding $50,000 per plant in any event (Tennessee-Code, 2019)
Most producers in TN kept some form of production (87%; n = 76) and financial records (96%; n = 87; Figure 2.4), which was similar to USDA-NAHMS (2016) reported percentage of record keeping for the dairy farms in the US.  Producers mostly maintained production records with computer software (49%; n = 43) and financial records in a written form (40%; n = 35; Figure 2.4).  Maintaining computer software for financial record management might seem difficult to understand and hard to set up by some producers (Grisham, 2007).  However, computerized record keeping systems were common in larger dairies, compared to the small and medium sized operations (USDA-NAHMS, 2016).  Some producers did not keep any forms of production (13%; n = 11) or financial (3%; n = 3) records (Figure 2.4).
Most of the producers in TN utilized their milk production, butter fat, SCC, and milk urea nitrogen (MUN) data daily (48%; n = 42) or weekly (34%; n = 30).  Some producers utilized these data monthly or bimonthly (11%; n = 10) and the remaining producers (7%; n = 6) did not utilize record data.  Record data such as milk yield, butter fat, SCC, and MUN were reported to have relatively high day-to-day variations and suggested to be recorded and used frequently (dairy vs. monthly) for management decisions and diagnostic purpose (Svennersten-Sjaunja et al., 1997).  Similarly, benchmarking or comparing farm performance to the industry average was reported to be a useful tool that influenced management decisions by determining areas requiring attention (Sumner et al., 2018).  When asked if dairy producers in TN compared their costs to industry standards, 48% (n = 42) of the producers responded that they did, 45% (n = 39) did not compare, and 7% (n = 6) were not familiar with this term.  Most producers in our study (63%; n = 56) knew their cost per CWT milk production.  Producers’ cost per CWT milk production could be benchmarked with other dairies or the industry to identify the strength and weakness of the farm as it directly related to farm profit (Johnson and Schwartz Jr., 2002).
In our study, dairy margin coverage program (75%; n = 67), crop insurance (39%; n = 35), and dairy revenue protection (24%; n = 21) were the most used risk management tools (Figure 2.5).  Dairy margin coverage program and crop insurance were used together by 38% (n = 34) of the producers.  Producers’ decision to use risk management tools was positively related to their herd size and negatively related to their age in Michigan dairies (Wolf, 2012).  Wolf (2012) suggested that producers with larger herds might buy more of their feed and older producers might be reluctant to use new technology, which might explain the relationship with their use of risk management tools.  In our study, 18% (n = 16) of the producers did not use any risk management tools for their farm operation (Figure 2.5).  Wolf (2012) identified that difficulties in understanding and using tools, time required for tools management, cooperative membership, costs of implementing tools and basis risk associated with it as the reasons for not using price risk management tools in Michigan dairies.
	The majority of producers perceived 6 to 10 years of remaining useful life for milk cow housing (33%; n = 28), calf housing (31%; n = 26), young stock housing (31%; n = 25), manure handling systems (36%; n = 30), and feed handling systems (34%; n = 28) (Table 2.4).  Perceived remaining useful life of > 15 years was highest for dry cow housing (29%; n = 23), while parlor equipment was perceived to have ≤ 5 years remaining useful life by 37% of producers (n = 32; Table 2.4).  Producers mostly invested in herd genetic improvement (80%; n = 70), milk quality or udder health improvement (79%; n = 69), professional nutritionists (76%; n = 66), and parlor equipment (63%; n = 56) between 2014 to 2019 (Table 2.5).  Most producers planned to invest in genetic improvement (42%; n = 36), parlor equipment (29%; n = 25), and manure handling system (24%; n = 20) from 2020 to 2025 (Table 2.5).  It was interesting to see that 50% (n = 34) of the producers who invested in genetics between 2014 to 2019 also planned to invest in genetics between 2020 to 2025 (Table 2.5).  Similarly, 36% (n = 19) of producers who invested in parlor equipment in between 2014 to 2019, also planned to invest in the same in between 2020 to 2025 (Table 2.5).  Lévi et al. (2017) indicated that economics was one of the main determinant of producers’ investment behavior.  Earning a high rate of return on farm investment was reported as an important to very important farm goal in New York dairies (Gloy et al., 2002a).  Chirinko (1993) reported that the amount of output produced influenced producers’ investment behavior more than the capital price.  It was possible that producers in our study planned for investment in the similar sector by anticipating more return from herd genetics improvement and parlor equipment.  Twenty producers (24%) did not plan any investment from 2020 to 2025 (Table 2.5).
In our study, dairy producers perceived more stress at the time of survey completion compared to 5 years earlier (Table 2.6).  Severe to high stress were perceived by 82% (n = 73) producers at the time of survey completion in 2019, as compared to 17% (n = 15) producers 5 years earlier (Table 2.6).  Highest levels of stress in dairy farming was previously reported due to time pressure or extended period of works in farming (Deary et al., 1997, Alpass et al., 2004), machinery malfunction (Alpass et al., 2004), government regulations and legislations (Simkin et al., 1998, Alpass et al., 2004).  Deary et al. (1997) reported that dairy farmers are more likely to be stressed due to the continuous work obligation with almost no breaks.  In our study, producers were severely to highly concerned with the milk price they received (90%; n = 78), cost of production (78%; n = 68), finances (77%; n = 68), and having a milk market (73%; n = 64; Table 2.6).  Fluctuations in milk and dairy feed price in the US dairy industry might explain producers concerns related to milk price and cost of production (MacDonald et al., 2020).  MacDonald et al. (2020) suggested that income risk from milk and feed price fluctuations could create severe financial pressure to dairy producers.  This might explain finance being one of the major concerns among TN dairy producers.  In times of lower milk price and higher feed cost, producers’ income over feed costs would be reduced, which was reported as an indicator for lower profitability (Wolf, 2010).
In our study, 60% (n = 53) producers were profitable for ≤ 2 years and 25% (n = 22) for 3 to 5 years, while 15% (n = 13) of them were unsure about the number of years profitable in between 2014 to 2019.  Most of the producers perceived a positive impact of state incentives to purchase milk from TN producers (84%; n = 71), TN dairy promotion strategies (81%; n = 68), and local labelling (76%; n = 65) on their farm profitability (Table 2.7).  A recent study by Upendram et al. (2019) indicated that consumers in TN were willing to buy and pay a premium for dairy products with a TN milk logo, which could support the perception of increased profitability with TN-specific marketing and labeling.  Similarly, producers positively viewed state incentives for dairy processors to purchase TN milk due to anticipated sales increases.  Among the factors related to FMMO and its regulations, transportation fees (68%; n = 52), transportation credit (56%; n = 42), and the price received for milk (52%; n = 38) were perceived to have negative financial impacts (Table 2.8).  Producers’ perceived negative impact from transportation fees could be due to increased geographic distance between milk production areas and distribution center and fuel costs that would increase transportation fees (Herndon Jr., 2019).  Dairy producers could perceive the amount of money dairy processors and handlers pay each month for transportation credits as a factor negatively impacting the price received for their milk.  Producers’ perceived negative financial impact for the price received for milk was explainable as milk price could directly impact their profitability (Johnson and Schwartz Jr., 2002).  
When asked about the changes needed to meet farm profitability goals, producers disagreed with the need to increase herd size (34%; n = 26), change dairying style (28%; n = 22), and modernize facilities (25%; n = 19; Figure 2.6).  However, 88% (n = 65) of producers agreed (from slightly like me to exactly like me) that their actions were key to meeting farm profitability goals (Figure 2.6).  To improve profitability dairy producers considered starting on-farm processing of dairy products (Figure 2.7).  Most producers identified starts-up costs (77%; n = 66) and employee for processing (56%; n = 47) to negatively impact their consideration of on-farm processing (Table 2.9).
Producers planned to stay (76%; n = 65) in the dairy industry by either expanding herd size (27%; n = 23), maintaining herd size (42%; n = 36), or reducing herd size (7%; n = 6).  However, 24% (n = 20) producers planned to exit the dairy industry in between 2020 to 2025.  Among those who planned to exit the dairy industry, 30% (n = 6) planned to transition farm ownership to a family member.  Producers were asked to identify the factors affecting their plan to not increase their dairy operation size or to exit the dairy industry (Table 2.10).  The primary factors for not increasing dairy operation size were the risk associated with increasing farm size (25%; n = 15), excess debt (23%; n = 14), no desire to expand (23%; 13), inadequate employee (21%; n = 13), and lack of market for increased milk production (19%; n = 12).  When asked to identify factors affecting producers’ decision to exit the dairy industry, most producers indicated the primary factor was that the dairy no longer financially supported them or their family (33%; n = 27; Table 2.10).  Spending more time with family was also identified as a significant (27%; n = 21) or contributing (33%; n = 26) factor for exiting the dairy industry.  When producers were asked if they had a plan to transition their farm once they retire or exit the dairy industry, 48% (n = 40) indicated they did not have a plan.  However, 39% (n = 33) had a transition plan with an identified successor and 13% (n = 11) had a plan without an identified successor.
[bookmark: _Toc83288235]Factors affecting producers’ farm profitability
	Number of non-family and total employees, SCS, decision to compare farm standard with the industry, and investment in dry cow housing significantly (P < 0.10) affected producers’ farm profitability between 2014 to 2019 (Table 2.11).  With the increase in non-family and total employees numbers, the odds of being profitable for 3 to 5 years compared to ≤ 2 years in between 2014 to 2019 increased by 1.06 (90% CI: 1.001 to 1.13; P = 0.097) and 1.07 (90% CI: 1.004 to 1.14; P = 0.08) times, respectively (Table 2.11).  Yaemkong et al. (2010) reported that farms with hired employees had higher monthly milk yield per farm and per cow compared to the farms that only employed family members.  The differences in the farm performance for different employee type could be due to the differences in skills, ability, experience, farm facilities and employee management ability of dairy producers (Bewley et al., 2001).  It is also possible that producers with higher total employees numbers were able to assign employee to specific work, which could increase efficiency and profitability.
Increased SCS significantly decreased (OR: 0.08; 90% CI: 0.02 to 0.30; P = 0.002) producers’ odds of being profitable for 3 to 5 years compared to ≤ 2 years in between 2014 to 2019 (Table 2.11).  Increased SCS could be used as an indirect measure to detect mastitis (Koivula et al., 2005, Franzoi et al., 2020).  Franzoi et al. (2020) reported that an increase in SCS could reduce milk quality and yield.  Reduced milk quality and yield could negatively impact milk price and decrease profitability.  Similarly, housing environment could significantly reduce milk quality and yield (Borchers, 2018).  In our study, producers who invested in dry cow housing had significantly higher odds (OR: 4.04; 90% CI: 1.49 to 10.95; P = 0.02) of being 3 to 5 years profitable compared to ≤ 2 years (Table 2.11).  The risk of new intramammary infection (IMI) during the dry period could be influenced by cow’s exposure to environmental pathogens (Green et al., 2007).  It is possible that producers who invested in dry cow housing had reduced IMI and subsequent mastitis infections after calving, contributing to improved production and lower treatment costs.
Producers who benchmarked their farm to industry standards were more likely (OR: 2.52; 90% CI: 1.04 to 6.14; P = 0.09) to be profitable for 3 to 5 years in between 2014 to 2019, compared to those who did not (Table 2.11).  Wilson (2011) reported that most profitable dairy producers performed financial benchmarking in England.  Comparing farm standard with the industry could help producers to identify the strength and weakness of their farm operation (Barney and Clark, 2007).  Identifying weakness might have helped producers take necessary measures to improve farm profitability.
[bookmark: _Toc83288236]Factors affecting producers’ exit decision
	Similar to producers’ farm profitability, non-family and total employees numbers also significantly (P < 0.10) impacted producers’ exit decision (Table 2.12).  We observed that increased non-family (OR: 0.80; 90% CI: 0.65 to 0.98; P = 0.07) and total employees (OR: 0.72; 90% CI: 0.57 to 0.92; P = 0.03) significantly decreased producer’s odds for exiting the dairy industry (Table 2.12).  Conversely, decreased non-family and total employees increased the odds for producers’ exit in TN.  Susanto et al. (2010) suggested that decreased employee force could increase average wage and production costs, causing financial problem and influencing exit decision among producers.  Recent report by USDA-NASS (2021a) showed a 11% decrease in hired employee number and 6% increase in average wage in the US farms from the last year.
Producers with small to medium herds (≤ 126 cows) were more likely to exit the industry in TN (OR: 2.74; 90% CI: 1.11 to 6.76; P = 0.07), compared to those with > 126 cows (Table 2.12).  USDA-ARMS (2016) survey data showed that the cost per cwt milk production gradually reduced from $33.54 for herds with 10 to 49 cows to $17.16 for herds with ≥ 2,000 cows, as well as the difference between total costs and gross return.  Tauer (2001) reported that the higher production costs in dairies with 50 to 100 cows herd in New York were due to inefficient farm management.  The study suggested that small dairies farms could reduce production costs and compete with larger dairies through efficient farming.  Similarly, MacDonald et al. (2020) reported that poorly run larger dairies could have higher production costs, while efficient small dairies could have lower production costs.  They suggested that herd size could be a factor that influence producers’ exit from the dairy industry but not the only factor.
Producers’ decision to exit the industry was also impacted by their use of financial records and investments in farm infrastructure.  Producers who kept written financial records were more likely to exit (OR: 2.79; 90% CI: 1.16 to 6.67; P = 0.05), compared to those who maintained financial records using computer software, records keeping service, or combination of these (Table 2.12).  Investment in financial consulting decreased the odds of exiting (OR: 0.33; 90% CI: 0.13 to 0.84; P = 0.05) compared to those who did not (Table 2.12).  Financial records could be used for financial benchmarking and improving farm performance.  Written financial records could be ineffective and more difficult to analyze within and across years.  It is possible that producers who kept written financial records did not effectively evaluate their farm against industry standards.  This might have led to lower farm performance and influenced producers’ exit.  We also observed that producers who did not plan to invest in anything in between 2020 to 2025 were more likely to exit the industry (OR: 11.78; 90% CI: 4.34 to 32.02; P < 0.0001), compared to those who planned to invest in something (Table 2.12).  It is possible that producers’ decision to not investing in any improvements was modified by their decision to exit the industry.
[bookmark: _Toc83288237]CONCLUSIONS
The responding dairies represented 48% of the TN dairy operations.  Producers responded to either expand, maintain, or reduce herd size to stay in the dairy industry.  However, 24% of the dairies planned to exit the industry in between 2020 to 2025.  Types and total number of employees impacted both profitability and permanency of TN dairy operations.  Producers’ investment decision and farm management strategies also impacted farm profitability and permanency in dairy operations.  Improving BTSCS status, managing financial records in a way that could be utilized for benchmarking farm output through financial consulting, informed investment decision for infrastructure improvement could improve dairy operations’ profitability and permanency in TN.  This study provided results based on dairy producers’ perceptions in TN.  Therefore, discretion should be practiced while interpreting any factors identified in this study as causative to dairy operations’ profitability and permanency.  Future research should focus on economic assessment of the factors identified in this study through farm records analysis to identify factors causative of dairy operations’ profitability and permanency in TN.






































[bookmark: _Ref83239204][bookmark: _Toc83288238]APPENDIX A
Current State of the Tennessee Dairy Industry  
This survey is intended for current dairy owners and managers, and those who have recently closed their operations. If your dairy operations have closed, please report data and your perspectives from the last year of your dairy operations. 
 
YOU & YOUR DAIRY OPERATION
1. What is your role in the Tennessee dairy industry? 
· Current dairy owner/manager 
· Former dairy owner/manager  
_____  Year you exited the dairy industry  
Proceed with the survey reporting the data and your perspectives from your last year of operation  Other: _______________________________  (please specify) 
2. What is your age? _____________ 
3. For how many years have you owned and/or managed a dairy operation?  _______ 
4. Where is your dairy operation primarily located? 
[image: ] 
 Northwest TN    Northcentral TN    Northeast TN        Southwest TN    Southcentral TN    Southeast TN
5. At the end of July 2019, what size was your herd?  (If your operation is now closed, please provide data from your last year of operation) 
_______ Number of cows (dry and lactating combined) 
_______ Number of calves 
_______ Number of heifers 



6. What is the number of workers, including yourself? Please record numbers for both types of workers even if zero (0). Record yourself as a family member. 
_______ Number of family members 
_______ Number of non-family employees 
7. How do you market the majority of your milk? 
· Milk cooperative 
· Independent (direct contract with the plant)  
· On-farm processing  
· Other:  _______________________________  (please specify) 
8. If given a choice, how would you prefer to market your milk? 
· Milk cooperative 
· Independent (direct contract with the plant)  
· On-farm processing  
· Other:  _______________________________  (please specify) 
9. What advantages do you perceive from the way you prefer to market your milk? 
__________________________________________________________________________ ________________________________________________________________________
10. How do you maintain financial records?
· I don’t maintain records 
· I use computer software to do this 
· I use written records 
· I use a record-keeping service 
· Other. Please specify: _____________________ 
11. How do you maintain production records?
· I don’t maintain records 
· I use computer software to do this 
· I use written records 
· Other. Please specify: _____________________ 

12. Based on your most recent bulk tank report, what was your _____ Average production per cow (pounds per cow per day)? _____ Bulk tank somatic cell count (SCC) in cells/ml?
13. How often do you utilize the data from your monitoring of milk production, butter fat, SCC, and MUN? 
· I do not utilize data about these factors 
· Daily 
· Weekly 
· Monthly 
· Annually 
· Other.  Please specify:  _______________ 
14. How frequently do you hold meetings with your dairy management team to discuss critical decisions? 
· I do not have or meet with a management team 
· Weekly 
· Monthly 
· Annually 
· Other.  Please specify: _________________ 
15. How frequently do you hold meeting with your dairy employees to discuss processes, procedures, and management? 
· I do not hold meetings with the dairy’s employees 
· Weekly 
· Monthly 
· Annually  
· Other:   ________________ _______________  (please specify) 
16. Do you know your cost to produce a hundredweight (cwt) of milk? 
· Yes 
· No 
· I’m not familiar with this term





17. Of the last 5 years, in how many years was your dairy profitable? (select one) 
· 1 
· 2 
· 3
· 4
· 5 
· Unsure 
18. Do you compare your costs to industry standards?  
· Yes 
· No 
· I’m not familiar with this term 
19. Which risk management tool(s) do you utilize? Check ALL that apply. 
· Dairy Margin Coverage Program (FSA) 
· LGM Dairy (insurance) 
· Dairy Revenue Protection (insurance) 
· Futures contract 
· Options 
· Forward contracting with suppliers 
· Crop insurance 
· Other.  Please specify: _________________ 
· I don’t use any risk management tools 
20. What is your overall understanding of the Federal Milk Marketing Orders (FMMO)? 
· None 
· Little
· Average
· Above average 
· Excellent





 
21. What is your overall understanding of how Tennessee dairy products are promoted? 
· None
· Little
· Average 
· Above average
· Excellent	 
22. What is your overall understanding of processor bonding in Tennessee? 
· None
· Little 
· Average
· 	Above average 
· Excellent
PERSPECTIVES, PROFITABILITY AND FACTORS RELATED TO THEM 
23. Processor bonding is an amount of money set aside and used to compensate producers for product in the event of a processor closure. The current level is $50,000 per plant. What level of bonding is needed to protect producers in Tennessee?   
· $50,000 (current level)
· $250,000
· $1,000,000
· $5,000,000
· Other: _________________ (please specify)	 
24. On which of these factors should processor bonding be based?   
· Number of dairies from which milk is purchased 
· Volume of milk purchased 
· A set amount per plant 
· One bond per company that covers multiple plants 
· Other. Please specify:  ______________ 



25. What is the financial impact of the Federal Milk Marketing Order and its regulations on your farm?  
	Regulations 
(for each item, select one impact level) 
	
	
	Impact Level 
	
	

	
	Strong negative impact 
	Some 
negative impact 
	No impact 
	Some 
positive impact 
	Strong positive impact 
	Not familiar with this 

	Federal Milk Marketing Order 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Delivery day requirements (i.e., touch basis) 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Transportation credits 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Transportation fees 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Diversion limits 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Bloc vote 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Price received 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


26. What impact would you expect each of the following scenarios to have on the profitability of your farm? 
	Scenarios  
	
	
	Projected Impact Level 
	
	

	
	Strong negative impact 
	Some 
negative impact 
	No impact 
	Some 
positive impact 
	Strong positive impact 
	Not familiar with this 

	Tennessee dairy promotion strategies 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Local labeling 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	On-farm processing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Increased retail price for dairy products  
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	State tax on milk to offset on-farm production costs 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	State incentives to purchase milk from Tennessee producers 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


27. How would you describe your interest in on-farm processing of dairy products?  
· None
· Slight
· Moderate
· High
· I am already doing on-farm processing or in planning stages to convert to on-farm processing 
28. What impact does each of the following factors have on your personal consideration of on-farm processing?  
	Factors
	Impact Level 

	
	Strong negative impact 
	Some 
negative impact 
	No impact 
	Some 
positive impact 
	Strong positive impact 
	Not familiar with this 

	State regulations 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Federal regulations 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Start-up costs 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Knowledge about processing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Labor for processing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Product marketing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


29. Describe the level of stress you feel related to your dairy operations? 
	Time frame 
	
	
	Stress Level
	 
	

	
	Severe 
	High 
	Moderate 
	Slight 
	None 

	Currently 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	5 years ago 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 








30. What level of concern do you have for the following issues related to your dairy operation? 
	Issue 
	Concern Lev
	el 
	

	
	Severe 
	High 
	Moderate 
	Slight 
	None 

	Labor 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Finances 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Production 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Milk marketing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	State regulations 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Federal regulations 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Federal Milk Marketing Orders 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Having a milk market 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Price received 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Milk quality 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Cost of production 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Farm transition 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


31. For how many years do you think your current facilities will function?  
	Equipment type 
	Estimated lifespan of facilities 

	
	5 years or less 
	6 to 10 years 
	11 to 15 years 
	More than 15 years 

	Parlor equipment 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Milk cow housing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Calf housing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Young stock housing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Dry cow housing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Manure handling system, including storage 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Feed handling system, including storage 
	⃝ 
	⃝ 
	⃝ 
	⃝ 



32. In the last five years (2014 – today), did you invest in the following FACILITY improvements or additions? (Check ALL that apply) 
· Parlor equipment 
· Milk cow housing 
· Calf housing  
· Young stock housing 
· Dry cow housing 
· Manure handling system, including storage facilities 
· Feed handling system, including storage facilities 
· None of the above 
33. In the last five years (2014 -today), have you done any of the following? (Check ALL that apply) 
· Invested in improved genetics for your herd 
· Used financial consultants or accounting services 
· Used a professional feed nutritionist on a regular basis 
· Developed a written business plan for your dairy operation 
· Developed a formalized succession or transition plan 
· Had your premises tested for stray voltage 
· Completed or maintained a manure management plan for your farm 
· Improved or changed practices associated with milk quality or udder health
· None of the above 
YOUR DAIRY FARM FUTURE
(if you have discontinued your dairy operations, please answer only questions 38 and 39 in this section) 
 Over the next 5 years (today – 2025), what changes and investments do you plan to make to your dairy operation?  Check ALL that apply.   
· Parlor equipment 
· Milk cow housing 
· Calf housing  
· Young stock housing 
· Dry cow housing 
· Manure handling systems, including storage facilities 
· Feed handling systems, including storage facilities 
· Automation in one or more of the areas mentioned above 
· Improve genetics 
· On-farm processing 
· Agritourism 
· No changes 
34. Please indicate how well each statement characterizes you, your farm, and factors affecting your profitability goals.  
	To meet my profitability goals …. 
	Not at all like me 
	Slightly like me 
	Somewhat like me 
	Very much like me 
	Exactly like me 

	I likely will need to modernize my facilities  
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	I likely will need to grow the size of my herd 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	I likely will need to change my style of dairying 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	I am confident in my ability to meet my profitability goals at my current herd size 
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	I am confident that my actions are key to me meeting my profitability goals.  
	⃝ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


35. Over the next 5 years (today – 2025), what are your plans for your dairy operation? 
· Expand size (skip to Question 37) 
· Maintain size (go to Question 36) 
· Reduce size (go to Question 36) 
· Exit the dairy industry (includes transitioning ownership/operations to a family member)  
(skip to Question 37) 








36. To what extent do these factors affect your plans to not increase the size of your dairy operation? 
	Factor 
	Contribution to the decision 

	
	Not a factor for me  
	A contributing factor 
	A significant factor 
	The primary factor 

	I have no desire to expand 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Inadequate labor  
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Access to financing 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Commercial and residential development in my area 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Concerns about how my neighbors will react 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Lack of available land 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Excess debt 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Risk too great 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Lack of support and knowledge about how to grow my dairy business 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Zoning/permitting obstacles in my area or other regulatory obstacles 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Lack of market for increased milk production 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


 










37. If you were to sell your herd (exit the dairy industry) within the next five years (or already have exited the dairy industry), how much would each of these reasons contribute to that decision?  
	Reason you might sell your herd 
	
	Contribution to the decision 
	

	
	Not a factor for me 
	A contributing factor 
	A significant factor 
	The primary factor 

	It’s time to retire 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Better opportunities for off-farm employment 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Health issues 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Want more time for family or other interests 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	The dairy can no longer support me and my family financially 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Other: ________________________ 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


38. Do you have a plan for transitioning your farm once you retire or exit the dairy industry? (if you are a former dairy producer, please select the option that best describes what happened to your dairy operations.)  
· Yes, and my farm will be taken over by a family member or other person already identified 
· Yes, but the next operator of my farm is not identified 
· No, I do not have a plan for the future of my dairy operations 












RESOURCES FOR DAIRY PRODUCERS
39. Have you participated in these programs, and if so to what effect? 
	Program 
	Participated 
& it was helpful 
	Participated 
& it was not helpful 
	Aware of it, but didn’t participate 
	Not aware 
of it 

	Tennessee Agriculture Enhancement Program 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	2018 Tennessee Milk Quality 
Improvement Initiative 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	2019 Tennessee Milk Quality 
Improvement Initiative 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


 
40. Please indicate which of these resources you have used and what effect they have had. 
	Program 
	Used it & it was helpful 
	Used it & it was not helpful 
	Aware of it, but didn’t use it 
	Not aware 
of it 

	Extension Area Farm Management Specialist (farm financial benchmarking with D. Bilderback, A. Hopkins, L. Hempal, I. Cui, D. Morris or K. Ferguson) 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Master Dairy Training 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	UT Dairy Extension Website 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	On-farm visit from UT Dairy Extension (E. Eckelkamp) 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	UT Dairy Extension email group (TN Dairy Discuss) 
	⃝ 
	⃝ 
	⃝ 
	⃝ 

	Other: ____________ (please specify) 
	⃝ 
	⃝ 
	⃝ 
	⃝ 


 




Please add any additional comments or suggestions on improving the Tennessee dairy industry below: 
	 
 
 
 
 
 
 
 
 
 
 
 


Thank you for completing the survey! Please return it in the enclosed postage-paid envelope. 
If that’s not available, mail to:  
Human Dimensions Lab 
274 Ellington Plant Sciences Building 
Knoxville, TN 37996-4563 


[bookmark: _Ref82036029][bookmark: _Ref82035663][bookmark: _Ref83239266][bookmark: _Toc83288239][bookmark: _Ref83237534]APPENDIX B
[bookmark: _Toc83279031]Table 2.1.  Variable types and response categories in farm demographics, farm records and management, farm infrastructure, and stress and concerns related to dairy operations used in univariable binary Logistic Regression models
	Variable of interest
	Response/variable type

	Farm demographics
	

	Age (year)
	Continuous

	Year owned (year)
	Continuous

	Mean production (kg/cow/d)
	Continuous

	Bulk tank somatic cell score (BTSCS)1
	Continuous

	Family employee
	Continuous

	Non-family employee
	Continuous

	Total employee2
	Continuous

	Animals per employee3
	Continuous

	Location4
	Central-West vs. East

	Herd size (cow #)5
	≤ 126 Vs >126

	Heifer retention rate6
	≤ 50% vs. > 50%

	Farm records and management

	Financial record keeping systems
	Written vs. computer/software/combination

	Production record keeping systems
	Written vs. computer/software/combination

	Record use frequency
	Daily vs. weekly

	Know production cost per cwt7
	Yes vs. No

	Compare against industry standards
	Yes vs. No

	Have a dairy management team
	Yes vs. No

	Meet with employees
	Yes vs. No

	Previous infrastructure investments (made between 2014 to 2019)

	Parlor equipment
	Yes vs. No

	Milk cow housing
	Yes vs. No

	Calves housing
	Yes vs. No

	Young stock housing
	Yes vs. No

	Dry cow housing
	Yes vs. No

	Manure handling system
	Yes vs. No

	Feed handling system
	Yes vs. No

	Improved none
	Yes vs. No

	Genetic improvement
	Yes vs. No

	Financial consulting
	Yes vs. No

	Professional nutritionist
	Yes vs. No

	Developing business plan
	Yes vs. No

	Developing transition plan
	Yes vs. No

	Stray voltage testing
	Yes vs. No

	Manure management plan
	Yes vs. No

	Milk quality or udder health improvement
	Yes vs. No

	Future infrastructure investments (planned for 2020 to 2025)

	Parlor equipment
	Yes vs. No

	Milk cow housing
	Yes vs. No

	Calves housing
	Yes vs. No

	Young stock housing
	Yes vs. No

	Dry cow housing
	Yes vs. No

	Manure handling system
	Yes vs. No

	Feed handling system
	Yes vs. No

	Facility automation 
	Yes vs. No

	Genetic improvement
	Yes vs. No

	On-farm processing
	Yes vs. No

	Agritourism 
	Yes vs. No

	No investment plan
	Yes vs. No

	Stress and concerns related to the dairy operation

	Labor
	Severe to high vs. Moderate to none

	Finance
	Severe to high vs. Moderate to none

	Production
	Severe to high vs. Moderate to none

	Milk marketing
	Severe to high vs. Moderate to none

	State regulation
	Severe to high vs. Moderate to none

	Federal regulation
	Severe to high vs. Moderate to none

	FMMO7
	Severe to high vs. Moderate to none

	Having milk market
	Severe to high vs. Moderate to none

	Price
	Severe to high vs. Moderate to none

	Quality
	Severe to high vs. Moderate to none

	Cost of production
	Severe to high vs. Moderate to none

	Transition
	Severe to high vs. Moderate to none

	Current stress8
	Severe to high vs. Moderate to none

	Previous stress9
	Severe to high vs. Moderate to none


1BTSCS denotes Bulk Tank Somatic Cell Score, calculated by [Log2(V2/100000) + 3], V2 represent Bulk Tank Somatic Cell Count (BTSCC; cell/mL) (Shook, 1993).
2Total workers number was calculated by [family workers + non-family workers] equation.
3Animals per worker was calculated by [(cow number + heifer number + calves number)/total workers number].
4Respondent producers’ locations were grouped into central-west and east.  Central-west included respondents from the northern and southern sides of central and west Tennessee.  East included respondents from the northern and southern sides of East Tennessee.
5Herd sizes were categorized based on 50th percentile of responding producers.
6Heifer retention rate was calculated by [(heifer number/cow number) × 100].
7FMMO denotes Federal Milk Marketing Order.
8Current stress denotes producers’ perceived stress in 2019 at the time of survey completion.
9Previous stress denotes producers’ perceives stress 5 years earlier relative to the time of survey completion (2014).
[bookmark: _Ref82036073][bookmark: _Ref82035682][bookmark: _Toc83279032]Table 2.2.  Percentage of dairy producers’ responses corresponding to the actual1 number of producers’ present in East2, Central3, and West4 Tennessee (TN) in 2019
	Region
	Producers’ number
	Response number
	Percentage5 (%)

	East TN
	103
	45
	44

	Central TN
	68
	36
	53

	West TN
	20
	9
	45

	Total
	191
	90
	47


1Grade A dairy producers’ number and addresses were obtained from Tennessee Department of Agriculture (Accessed on: August 9, 2019)
2East TN region consisted of 30 counties including Greene, Monroe, McMinn, Polk, Bradley, Meigs, Loudon, Morgan, Claiborne, Sullivan, Johnson, Carter, Hawkins, Knox,
Blount, Sevier, Roane, Rhea, Hamilton, Cocke, Washington, Unicoi, Jefferson, Grainger, Hamblem, Anderson, Campbell, Scott, Hancock, and Union counties
3Central TN region consisted of 34 counties including Warren, Bedford, Moore, Giles, Maury, Williamson, Rutherford, Marshall, Lincoln, Franklin, Coffee, Cannon, Grundy, Marlon, Sequatchie, Bledsoe, Van Buren, Cumberland, Fentress, Pickett, Overton, Putnam, White, Clay, Jackson, Dekalb, Smith, Mason, Trous, Wilson, Sumner, Robertson, Davidson, and Cheatham
4West TN region consisted of 31 counties including Henry, Dickson, Weakley, Gibson, Lake, Obion, Dyer, Carroll, Benton, Stewart, Houston, Humphreys, Montgomery, Shelby, Madison, Lauderdale, Tipton, Crockett, Haywood, Fayette, Hardeman, Chester, Henderson, McNairy, Decatur, Hardin, Perry, Wayne, Lewis, Hickman, and Lawrence
5Percentages in each row corresponded to the producers’ responses from TN regions in each row


[bookmark: _Ref82036111][bookmark: _Ref82035695][bookmark: _Toc83279033]Table 2.3.  Tennessee dairy producers’ farm demographics (n = 90)
	Variables
	n1
	Mean ± SD2
	Minimum
	Maximum

	Farmer’s age (year)
	90
	59 ± 13
	29
	86

	Cow number
	88
	250 ± 356
	14
	2,300

	Calf number
	77
	66 ± 98
	4
	500

	Heifer number
	79
	161 ± 288
	3
	2,000

	Family worker
	88
	3 ± 1
	0
	11

	Non-family worker
	89
	4 ± 6
	0
	30

	Mean production (kg/cow/d)
	81
	26 ± 11
	11
	41

	BTSCS3
	84
	4.4 ± 0.5
	2.5
	6.0


1n represents numbers of responses for variables
2SD denotes Standard Deviation
3BTSCS denotes Bulk Tank Somatic Cell Score, calculated by [Log2(V2/100000) + 3], V2 represent bulk tank somatic cell count (BTSCC; cell/mL) (Shook, 1993)


























[bookmark: _Ref82036421][bookmark: _Ref82035713][bookmark: _Toc83279034]Table 2.4.  Producers’ responses to their perceived remaining useful life of farm facilities
	Facility type
	Remaining useful life

	
	≤ 5 years
% (n1)
	6 to 10 years
% (n1)
	11 to 15 years
% (n1)
	> 15 years
% (n1)

	Parlor equipment
	37 (32)
	33 (29)
	16 (14)
	14 (12)

	Milk cow housing
	24 (20)
	33 (28)
	20 (17)
	23 (20)

	Calf housing
	28 (24)
	31 (26)
	20 (17)
	21 (18)

	Young stock housing
	29 (24)
	31 (25)
	18 (15)
	22 (18)

	Dry cow housing
	29 (23)
	27 (21)
	15 (12)
	29 (23)

	Manure handling system2
	27 (23)
	36 (30)
	20 (17)
	17 (14)

	Feed handling system2
	34 (28)
	34 (28)
	19 (16)
	13 (11)


1n represents total responses from respondents in each category.
2Included storage.


























[bookmark: _Ref82036452][bookmark: _Ref82035746][bookmark: _Toc83279035]Table 2.5.  Dairy producers’ past investment (2014 to 2019) and investment plan (2020 to 2025) for farm infrastructure improvement
	Investment categories
	Invested1
% (n3)
	Planned2
% (n3)

	Facility
	
	

	Parlor equipment
	63 (56)
	29 (25)

	Milk cow housing
	37 (33)
	18 (15)

	Calf housing
	27 (24)
	16 (14)

	Young stock housing
	16 (14)
	13 (11)

	Dry cow housing
	18 (16)
	18 (15)

	Manure handling system4
	36 (32)
	24 (20)

	Feed handling system4
	54 (48)
	21 (18)

	Management
	
	

	Genetic improvement
	80 (70)
	42 (36)

	Financial consultancy or accounting services
	46 (40)
	-

	Professional nutritionists on a regular basis
	76 (66)
	-

	Written business plan development
	17 (15)
	-

	Formalized succession or transition plan
	16 (14)
	-

	Stray voltage testing
	31 (27)
	-

	Manure management planning
	44 (38)
	-

	Milk quality or udder health improvement
	79 (69)
	-

	Automation of farm facilities
	-
	12 (10)

	On-farm processing
	-
	11 (9)

	Agritourism
	-
	16 (14)

	Invest in none
	-
	24 (20)


1Includes producers’ responses who invested in infrastructural improvement between 2014 to 2019.
2Includes producers’ responses who had planned to invest in infrastructural improvement between 2020 to 2025.
3n represents total responses from respondents in each category.
4Included storage.






[bookmark: _Ref82036510][bookmark: _Ref82035755][bookmark: _Toc83279036]Table 2.6.  Producers’ perceived stress (currently and in 2014) and concern level related to their farm operation
	Parameter
	Perceived level1

	
	Severe to high
% (n2)
	Moderate to none
% (n2)

	Stress perception

	Current
	82 (73)
	18 (16)

	Past3
	17 (15)
	83 (73)

	Concern Perception

	Labor
	57 (50)
	43 (37)

	Finances 
	77 (68)
	23 (20)

	Production 
	41 (35)
	59 (51)

	Milk marketing
	57 (50)
	43 (37)

	State regulations
	30 (26)
	70 (61)

	Federal regulations
	33 (28)
	67 (58)

	FMMO4
	52 (44)
	48 (41)

	Having a milk market
	73 (64)
	27 (24)

	Price received 
	90 (78)
	10 (9)

	Milk quality
	44 (38)
	56 (48)

	Cost of production
	78 (68)
	22 (19)

	Farm transition
	43 (37)
	57 (49)


1Perceived level represent the percentage of producers’ that responded in “severe to high” and “moderate to none” for each of the stress and concern categories.
2n represents total responses from respondents in each category.
3Past = perceived stress producers experienced 5 years ago (2014).
4FMMO denotes Federal Milk Marketing Orders 













[bookmark: _Ref82036560][bookmark: _Ref82035765][bookmark: _Toc83279037]Table 2.7.  Producers’ perceived impact of state specific factors and regulations on dairy farm profitability in Tennessee
	Factors
	n2
	Perceived impact level1

	
	
	Negative
% (n2)
	No impact
% (n2)
	Positive
% (n2)
	Unfamiliar
% (n2)

	Tennessee dairy promotion strategies
	84
	2 (2)
	16 (13)
	81 (68)
	1 (1)

	Local labelling
	85
	2 (2)
	18 (15)
	76 (65)
	4 (3)

	On-farm processing
	85
	3 (3)
	31 (26)
	60 (51)
	6 (5)

	Increased retail price 
	83
	21 (17)
	19 (16)
	59 (49)
	1 (1)

	State tax on milk to offset production costs
	80
	43 (34)
	12 (10)
	35 (28)
	10 (8)

	State incentives to purchase Tennessee milk
	84
	4 (3)
	10 (8)
	84 (71)
	2 (2)


1Impact level are expressed as a percentage (n) of responding producers in each category; percentages were round up to the nearest integer. 
2n represents the number of responses received in each category, excluding the missing responses.

[bookmark: _Ref82036578][bookmark: _Ref82035773][bookmark: _Toc83279038]Table 2.8.  Producers’ perceived financial impact of Federal Milk Marketing Orders and their regulations in Tennessee
	Factors
	n2
	Perceived impact level1

	
	
	Negative
% (n2)
	No impact
% (n2)
	Positive
% (n2)
	Unfamiliar
% (n2)

	Federal Milk Marketing Orders
	76
	41 (31)
	8 (6)
	43 (33)
	8 (6)

	Delivery day requirements
	73
	34 (25)
	22 (16)
	10 (7)
	34 (25)

	Transportation credit
	75
	56 (42)
	13 (10)
	8 (6)
	23 (17)

	Transportation fees
	76
	68 (52)
	13 (10)
	7 (5)
	12 (9)

	Diversion limits
	73
	41 (30)
	15 (11)
	7 (5)
	37 (27)

	Bloc vote
	72
	43 (31)
	17 (12)
	7 (5)
	33 (24)

	Price received
	73
	52 (38)
	10 (7)
	33 (24)
	5 (4)


1Impact level are expressed as a percentage (n) of responding producers in each category; percentages were round up to the nearest integer. 
2n represents the number of responses received in each category, excluding the missing responses.














[bookmark: _Ref82036648][bookmark: _Ref82035794][bookmark: _Toc83279039]Table 2.9.  Producers’ perceived impact of factors affecting their consideration of starting on-farm processing of dairy products in Tennessee
	Factors
	n2
	Perceived impact level1

	
	
	Negative
% (n2)
	No impact
% (n2)
	Positive
% (n2)
	Unfamiliar
% (n2)

	State regulations
	85
	32 (27)
	40 (34)
	21 (18)
	7 (6)

	Federal regulations
	85
	40 (34)
	39 (33)
	14 (12)
	7 (6)

	Start-up costs
	86
	77 (66)
	6 (5)
	11 (10)
	6 (5)

	Knowledge about processing
	86
	44 (38)
	20 (17)
	27 (23)
	9 (8)

	Labor for processing
	84
	56 (47)
	21 (18)
	16 (13)
	7 (6)

	Product marketing
	85
	46 (39)
	18 (15)
	29 (25)
	7 (6)


1Impact level are expressed as a percentage (n) of responding producers in each category; percentages were round up to the nearest integer. 
2n represents the number of responses received in each category, excluding the missing responses.













[bookmark: _Ref82036663][bookmark: _Ref82035811][bookmark: _Toc83279040]Table 2.10.  Producers perceived impact of factors affecting their decisions to increase farm size and exit the dairy industry
	Factors
	n1
	Perceived impact level

	
	
	Not a factor
% (n1)
	Contributing
% (n1)
	Significant
% (n1)
	Primary
% (n1)

	No increase in farm size

	No desire to expand
	57
	35 (20)
	19 (11)
	23 (13)
	23 (13)

	Inadequate labor
	62
	18 (11)
	27 (17)
	34 (21)
	21 (13)

	Access to financing
	60
	33 (20)
	25 (15)
	27 (16)
	15 (9)

	Commercial and residential development in farm area
	61
	56 (34)
	26 (16)
	11 (7)
	7 (4)

	Neighbor’s reaction
	62
	60 (37)
	26 (16)
	14 (9)
	-

	Lack of available land
	63
	29 (18)
	35 (22)
	25 (16)
	11 (7)

	Excess debt
	62
	27 (17)
	31 (19)
	19 (12)
	23 (14)

	Greater risk in increasing farm size
	61
	11 (7)
	31 (19)
	33 (20)
	25 (15)

	Lack of support and knowledge
	62
	74 (46)
	15 (9)
	10 (6)
	2 (1)

	Zoning/permitting obstacles in farm area
	62
	78 (48)
	19 (12)
	3 (2)
	-

	Lack of market
	63
	24 (15)
	32 (20)
	25 (16)
	19 (12)

	Exit the dairy industry

	Retirement
	79
	50 (40)
	23 (18)
	9 (7)
	18 (14)

	Better off-farm employment
	77
	73 (56)
	14 (11)
	10 (8)
	3 (2)

	Health issues
	80
	49 (39)
	26 (21)
	14 (11)
	11 (9)

	Spending time with family
	79
	33 (26)
	33 (26)
	27 (21)
	7 (5)

	Dairy can no longer support me or my family financially 
	81
	17 (14)
	25 (20)
	25 (20)
	33 (27)


1n represent the numbers of producers responded for each factor







[bookmark: _Ref82036713][bookmark: _Ref82035819][bookmark: _Toc83279041]Table 2.11.  Factors affecting producers’ farm profitability between 2014 to 2019
	Variables
	Reference group
	Odds ratio
	90% Confidence interval
	P - value

	Bulk tank somatic cell score
	-
	0.08
	0.02 to 0.30
	0.002

	Total employee number
	-
	1.07
	1.0 to 1.1
	0.08

	Non-family employee number
	-
	1.06
	1.0 to 1.1
	0.097

	Compare against industry standards
	No
	2.52
	1.0 to 6.1
	0.09

	Invested in dry cow housing in the last 5 years
	No
	4.04
	1.5 to 10.9
	0.02























[bookmark: _Ref82036789][bookmark: _Ref82035827][bookmark: _Toc83279042]Table 2.12.  Factors affecting producers’ plans (stay or exit) regarding their dairy operations’ future in between 2020 to 2025
	Variables
	Reference group
	Odds ratio
	90% Confidence interval
	P - value

	Total employee number
	-
	0.72
	0.57 to 0.92
	0.03

	Herd size (≤ 126 cows)1
	> 126 cows
	2.74
	1.11 to 6.76
	0.07

	Non-family workers number
	-
	0.80
	0.65 to 0.98
	0.07

	Financial record keeping system (Written)
	Computer/software/
combination
	2.79
	1.16 to 6.67
	0.05

	No future planned investments (Yes)
	No
	11.78
	4.34 to 32.02
	<0.0001

	Invested in financial consulting in the last 5 years (Yes)
	No
	0.33
	0.13 to 0.84
	0.05


1Herd sizes were categorized based on 50th percentile of responding producers.













[bookmark: _Ref83237806][bookmark: _Toc83288246][bookmark: _Ref82035867]Figure 2.1.  Existing and preferred milk marketing strategies for TN dairy producers in 2019 (n = 90)
1Combinations were either independent and on-farm processing, independent and milk cooperative, or milk cooperative and on-farm processing.





















[bookmark: _Ref82036220][bookmark: _Ref82035878][bookmark: _Toc83288247]Figure 2.2.  Producers’ understanding level of FMMO1, DPP2, and PB3
1FMMO denotes Federal Milk Marketing Orders
2DPP denotes Dairy Product Promotion
3PB denotes Processor Bonding
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[bookmark: _Toc83288248]Figure 2.3.  Factors processors bonding should be based on
1Combinations included various combination number of dairies, volume of milk, set amount/plant, and one/company
2Others included producers who were unsure, not involved in processor bonding, or responded for a different reporting system to federal milk marketing order (FMMO).

















[bookmark: _Ref82036269][bookmark: _Ref82035900][bookmark: _Toc83288249]Figure 2.4.  Types of production and financial record keeping systems used by dairy producers’ in Tennessee
1Combination includes combination of written, computer, or record keeping service





















[bookmark: _Ref82036342][bookmark: _Ref82035911][bookmark: _Toc83288250]Figure 2.5.  Percentage of TN dairy producers using different risk management tools
1Percentage does not add up to 100%, because some producers may have used multiple risk management tools in their farm operation.





[bookmark: _Ref82036600][bookmark: _Ref82035921][bookmark: _Toc83288251]Figure 2.6.  Producers’ perception of changes needed to meet farm profitability goals








[bookmark: _Ref82036625][bookmark: _Ref82035929][bookmark: _Toc83288252]Figure 2.7.  Dairy producers’ interests in starting on-farm processing of dairy products
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Existing 	
Milk cooperative	Independent	On-farm processing	Combination1	50	43	6	1	Preferred	
Milk cooperative	Independent	On-farm processing	Combination1	25	56	15	4	Marketing strategies


Percentage (%)




FMMO	
None to little	Average	Above average to excellent	45	37	18	DPP	
None to little	Average	Above average to excellent	40	36	24	PB	
None to little	Average	Above average to excellent	77	12	11	Understanding levels


Percentage (%)




Percentage	
Number of dairies	Volume of milk	Set amount/plant	One bond/company	Combinations1	Others2	28	50	2	2	14	4	

Financial	
No record	Computer	Written 	Record keeping service	Combination1	3	31	35	9	9	Production	
No record	Computer	Written 	Record keeping service	Combination1	11	43	25	4	4	Record keeping system


Frequency




Percentage1	Dairy Margin Coverage	Crop insurance	Dairy revenue protection	Forward contracting with suppliers	Livestock Gross Margin Dairy	Futures contract	Options	I do not use any	75	39	24	11	10	7	1	18	
Percentage1




Exactly like me	
Need modernization	Increase herd size	Change dairying style	Confident in one's ability	My actions are key	11	8	6	6	16	Very much like me	
Need modernization	Increase herd size	Change dairying style	Confident in one's ability	My actions are key	21	22	14	8	23	Somewhat like me	
Need modernization	Increase herd size	Change dairying style	Confident in one's ability	My actions are key	25	18	22	34	29	Slightly like me	
Need modernization	Increase herd size	Change dairying style	Confident in one's ability	My actions are key	18	18	30	19	20	Not at all like me	
Need modernization	Increase herd size	Change dairying style	Confident in one's ability	My actions are key	25	34	28	33	12	



Column1	
Not interested	Slightly interested	Moderately interested	Highly interested	Already doing	26	26	29	11	8	
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