Risk perceptions and management strategies of beef producers in the United States and France
Appendices
Supplementary Table S1: Key characteristics of beef production in the USA and France
	Characteristic
	USA
	France

	Average beef cattle herd size (head)
	[bookmark: _GoBack]≈ 100 (cow–calf operations); feedlots often several thousand head
	≈ 70 (suckler-cow herds); typically, family-operated

	Main feed sources
	Maize silage, hay, and concentrate feed; grain finishing common
	Pasture-based feeding, hay and silage; limited concentrate use

	Dominant livestock system
	Intensive feedlot finishing and cow–calf operations
	Extensive grass-based suckler systems and mixed crop–livestock

	Ownership pattern
	Predominantly family-owned but increasingly vertically integrated
	Largely family farms with strong cooperative structures

	Market orientation
	Domestic and export; dominated by a few large packers
	Domestic market focus with EU trade links

	Policy environment
	Market-driven, supported by federal/state programs (e.g., EQIP, crop insurance)
	Governed by CAP with environmental and animal-welfare emphasis


Note: Figures and descriptions are indicative averages for 2020–2023 derived from official national reports (USDA, FranceAgriMer, INRAE, FAO, and OECD datasets).










Supplementary Table S2: Survey Questionnaire
	Country
	

	Region/State/Postcode
	

	City/Town
	

	Section A: Personal (head of the farm) information

	A1
	Gender 
	a. Male                 b. Female              c. Others          d. Prefer not to say

	A2
	Age (Years) 
	a. Less than30         
b. 31-40       
c. 41-50   
d. 51-60      
e. More than 60

	A3
	Since how many years are you involved in farming as a decision maker (Years)?
	a. Less than 10
b. 11 to 20
c. 21 to 30
d. 31 to 40
e. More than 40

	A4
	Education 
	a. No formal education          b. High school 
c. Diploma                                d. Certificate or associate degree
e. Bachelor’s degree               f. Master’s degree
g. Doctorate 

	Section B: Farm Characteristics

	B1
	What is the type of your farm?
Which livestock do you produce on your farm?
	a. Livestock only
a1.  Beef   
a2.  Sheep  
a3. Pig  
a4. Poultry 
a5. Others
	
b. Mixed farm
c. Crop (Feed) only
d. Others (specify)


	B2
	What is the management type of your farm?
	a. Intensive beef feedlot
b. Extensive beef –grass fed
c. Grain fed
d. Mixed grass/grain fed
	e. Regenerative farming
f. Organic farming 
g. Biodynamic farming
h. Rangelands
i. Other (specify)

	B2
	Total farm size (hectare)
	

	B3
	How much land do you own? (hectare)
	

	B4
	How much is the rented land? (hectare)
	

	B5
	How much land do you use for cattle farming for the beef purposes? (hectare)
	

	B6
	How much land do you use for cattle farming for the dairy purposes? (hectare)
	

	B7
	How many beef cattle heads do you have on the farm? (numbers)
	

	B8
	How many dairy cattle heads do you have on the farm? (numbers)
	

	B9
	How many beef cattle heads do you sell per year from your farm? (numbers)
	

	B10
	How many dairy cattle heads do you sell per year from your farm? (numbers)
	

	B11
	Total gross income from beef cattle head per year
	a. less than $50,000
b. $50,000 to 99,999
c. $100,000 to $ 249,999
d. $100,000 to $499,999
e. more than $500,000

	B12
	Do you have any other income source?
	a. Yes               b. No

	B13
	If yes, what are those sources?
	a. Dairy Cattle
b. Livestock other than beef cattle
c. Crops
d. Off farm income

	B14
	Total income from other sources 
	a. less than $50,000
b. $50,000 to 99,999
c. $100,000 to $ 249,999
d. $100,000 to $499,999
e. more than $500,000

	Section C: Risks of Current Farm Practices
	Intensity Rating
	Temporal Rating
	Spatial Rating

	S.N.
	Risks
	(1= Very low, 2=Low, 3=Moderate, 4=High, 5=Very high)
	(1=Ongoing, 2=Current, 3=Future)
	(1= Farm level,2=Country level, 3=Global)

	C1
	Production and technical risks 

	1
	Outbreak of animal diseases
	
	
	

	2
	Difficulty to fight pests and diseases
	
	
	

	3
	Climatic hazards as flood/drought/ high temperature / high rainfall
	
	
	

	4
	Water scarcity
	
	
	

	5
	Feed shortage
	
	
	

	6
	Low productivity of animals
	
	
	

	7
	Reduced land availability
	
	
	

	8
	Inadequate insurance for climate related incidents
	
	
	

	C2
	Financial risks

	9
	High price of input land
	
	
	

	10
	High price of labour
	
	
	

	11
	Price of feed
	
	
	

	12
	Decreasing ability to get farm credit
	
	
	

	13
	Liquidity shortage
	
	
	

	C3
	Market risks

	14
	Price volatility on sale market
	
	
	

	15
	Price volatility on input procurement
	
	
	

	16
	Competition with innovations in meat industry (e.g. plant-based protein, cultivated meat - cultivated meat is animal meat produced by growing animal cells directly and is identical to conventional meat at the cellular level)
	
	
	

	C4
	Human and personal risks

	17
	Succession of the business
	
	
	

	18
	Labour scarcity
	
	
	

	19
	Zoonotic diseases
	
	
	

	20
	Limited availability of qualified workforce
	
	
	

	C5
	Political risks

	21
	Policy changes
	
	
	

	22
	Tightening of cross compliance requirements
	
	
	

	23
	Animal welfare regulations
	
	
	

	24
	Environment Protection regulations
	
	
	

	25
	Reduction of EU production and marketing support measures
	
	
	

	C6
	Other risks
	
	
	

	DSection D: Risk Management Strategies 

	D1
	Risk acceptance strategies
	
	
	

	1.
	Expansion of production
	· Currently following   
	· Future plan
	· No plan

	2.
	Use of robust and resistant varieties and breeds
	· Currently following   
	· Future plan
	· No plan

	3.
	Cut off the private expenses to reduce cost of production
	· Currently following   
	· Future plan
	· No plan

	4.
	Specialize in beef cattle only
	· Currently following   
	· Future plan
	· No plan

	D2
	Risk reduction strategies
	· 
	
	

	5.
	Collaborative purchase of input and technology with other producers 
	· Currently following   
	· Future plan
	· No plan

	6.
	Collaborative marketing of produce with other producers 
	· Currently following   
	· Future plan
	· No plan

	7.
	 Agricultural (on farm) diversification
	· Currently following   
	· Future plan
	· No plan

	8.
	Non-agricultural (off farm) diversification as bio energy, tourism
	· Currently following   
	· Future plan
	· No plan

	9.
	Less price sensitive niche market such as organic production/regenerative production
	· Currently following   
	· Future plan
	· No plan

	10.
	Adapt new technology to respond to weather
	· Currently following   
	· Future plan
	· No plan

	D3
	Risk transfer strategies
	
	
	

	11.
	Fire insurance
	· Currently following   
	· Future plan
	· No plan

	12.
	Business liability insurance
	· Currently following   
	· Future plan
	· No plan

	13.
	Legal protection insurance
	· Currently following   
	· Future plan
	· No plan

	14.
	Building insurance
	· Currently following   
	· Future plan
	· No plan

	15.
	Environmental liability insurance
	· Currently following   
	· Future plan
	· No plan

	16.
	Animal insurance
	· Currently following   
	· Future plan
	· No plan

	17
	Hail insurance
	· Currently following   
	· Future plan
	· No plan

	18.
	Multiple risk insurance
	· Currently following   
	· Future plan
	· No plan

	19.
	Long term contracts for supply with price guarantee
	· Currently following   
	· Future plan
	· No plan

	20.
	Short and flexible contracts
	· Currently following   
	· Future plan
	· No plan

	D4
	Risk avoidance strategies
	
	
	

	21.
	Stop investing in beef cattle industry
	· Currently following   
	· Future plan
	· No plan

	22.
	Giving up farming
	· Currently following   
	· Future plan
	· No plan

	23.
	In future I will run my farm as a part time business
	· Currently following   
	· Future plan
	· No plan









Supplementary Table S3: A comparison of different risk sources identified in the USA and France.
	Risk Source
	Mean
USA
(N= 111)
	Mean
France
(N=61)

	Production risks
	
	

	Outbreak of animal diseases
	1.76(0.98)
	3.64 (1.01)

	Difficulty to fight pests and diseases
	2.13 (1.06)
	2.88 (1.04)

	Climatic hazards
	2.74 (1.30)
	3.60 (0.93)

	Water scarcity
	2.05 (1.24)
	3.57 (1.10)

	Feed shortage
	2.29 (1.20)
	3.21 (1.07)

	Low productivity of animal
	1.35 (0.64)
	3.13 (1.21)

	Reduced land availability
	2.84 (1.54)
	2.77 (1.20)

	Inadequate insurance for climate related incidents
	1.89 (1.38)
	2.59 (1.20)

	Financial risks
	
	

	High price of land
	3.56 (1.33)
	2.65 (1.07)

	High price of Labour
	3.41 (1.46)
	2.65 (0.89)

	Price of feed
	3.35 (1.35)
	3.29 (0.94)

	Decreasing ability to get farm credit
	2.14 (1.54)
	2.65 (0.89)

	Liquidity shortage
	2.54 (1.54)
	2.66 (1.08)

	Market risks
	
	

	Price volatility on sale market
	3.23 (1.39)
	3.58 (1.07)

	Price volatility on input procurement
	3.19 (1.30)
	3.24 (0.98)

	Competition with innovations in meat industry
	2.25 (1.14)
	2.59 (0.96)

	Human risks
	
	

	Succession of the business
	3.16 (1.46)
	3.29 (1.24)

	Labour scarcity
	3.13 (1.32)
	2.57 (1.15)

	Zoonotic diseases
	1.99 (1.18)
	2.22 (0.93)

	Limited availability of qualified workforce
	3.19 (1.45)
	2.51 (0.95)

	Policy risks
	
	

	Policy changes
	3.61 (1.43)
	2.60 (0.97)

	Tightening of cross compliance requirements
	3.03 (1.53)
	3.26 (0.78)

	Animal welfare regulations
	2.70 (1.45)
	2.62 (0.88)

	Environment Protection regulations
	3.39 (1.52)
	2.66 (0.98)

	Reduction of production and marketing support measures
	2.39 (1.39)
	2.64 (0.94)


Note: Standard deviations in parentheses
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Supplementary Table S4: Identified risk management strategies for beef production (percentage)
	Categories
	The USA
	France

	
	Currently following
	Future plan
	No plan
	Currently following
	Future plan
	No plan

	Risk acceptance
	Expansion of production
	55.70
	12.66
	31.65
	45.28
	15.09
	39.62

	
	Use of robust and resistant varieties and breeds
	77.50
	7.50
	15.00
	60.38
	5.66
	33.96

	
	Cut off the private expenses to reduce cost of production
	72.15
	5.06
	22.78
	48.08
	21.15
	30.77

	
	Specialize in cattle husbandry
	77.22
	3.80
	18.99
	52.08
	12.50
	35.42

	Risk avoidance
	Stop investing in beef cattle industry
	1.28
	0.00
	98.72
	32.69
	5.77
	61.54

	
	Giving up farming
	1.23
	19.75
	79.01
	7.69
	21.15
	71.15

	
	In future I will run my farm as a part time business
	33.33
	9.88
	56.79
	25.49
	11.76
	62.75

	Risk reduction
	Collaborative purchase of input and technology with other producers 
	41.98
	8.64
	49.38
	75.00
	5.77
	19.23

	
	Collaborative marketing of produce with other producers 
	45.68
	14.81
	39.51
	75.47
	15.09
	9.43

	
	 Agricultural (on farm) diversification
	50.62
	16.05
	33.33
	26.42
	39.62
	33.96

	
	Non-agricultural (off farm) diversification as bio energy, tourism
	22.50
	20.00
	57.50
	41.51
	13.21
	45.28

	
	Less price sensitive niche market such as organic production/regenerative production
	58.75
	16.25
	25.00
	38.46
	5.77
	55.77

	
	Adapt new technology to respond to weather
	17.50
	28.75
	53.75
	63.46
	19.23
	17.31

	Risk transfer
	Fire insurance
	61.73
	2.47
	35.80
	83.02
	3.77
	13.21

	
	Business liability insurance
	80.25
	2.47
	17.28
	90.38
	5.77
	3.85

	
	Legal protection insurance
	54.43
	7.59
	37.97
	55.77
	5.77
	38.46

	
	Building insurance
	82.72
	4.94
	12.35
	92.31
	3.85
	3.85

	
	Environmental liability insurance
	30.86
	4.94
	64.20
	46.15
	19.23
	34.62

	
	Yield insurance
	59.26
	12.35
	28.40
	51.92
	15.38
	32.69

	
	Hail insurance
	41.25
	7.50
	51.25
	38.00
	16.00
	46.00

	
	Multiple risk insurance
	62.50
	6.25
	31.25
	54.90
	29.41
	15.69

	
	Long term contracts for supply with price guarantee
	12.35
	19.75
	67.90
	36.73
	16.33
	46.94

	
	Short and flexible contracts
	32.10
	3.70
	64.20
	52.94
	15.69
	31.37




Supplementary Table 5: Model fit statistics for logistic regression models of risk management strategy adoption
	Strategies
	Likelihood ratio χ² (df = 11)
	–2 Log Likelihood
	Cox & Snell R²
	Nagelkerke R²
	Hosmer–Lemeshow χ² (df = 8)

	Risk acceptance
	35.43 (p< 0.001)
	71.42
	0.365
	0.489
	7.30 (p= 0.504)

	Risk avoidance
	12.76 (p= 0.309)
	41.24
	0.132
	0.293
	4.87 (p=0.771)

	Risk reduction
	18.58 (p= 0.069)
	59.40
	0.259
	0.362
	8.82 (p=0.358)

	Risk transfer
	24.36 (p= 0.011)
	83.56
	0.268
	0.358
	8.49 (p=0.388)





Supplementary Table 6.1 Logistic regression results for the risk-acceptance model
	Predictor
	B
	SE
	Wald
	Sig.
	Exp(B)

	Experience (2): 11–20 yrs
	1.133
	1.092
	1.078
	0.299
	3.106

	Experience (3): 21–30 yrs
	0.414
	1.010
	0.168
	0.682
	1.512

	Experience (4): 31–40 yrs
	–2.835
	1.288
	4.841
	0.028
	0.059

	Experience (5): >40 yrs
	–2.093
	1.022
	4.188
	0.041
	0.123

	Human risks
	1.185
	0.512
	5.360
	0.021
	3.272

	Additional income
	–2.312
	1.056
	4.789
	0.029
	0.099

	Constant
	0.496
	1.629
	0.093
	0.761
	1.642


Model statistics: χ²(11) = 35.43, p < 0.001; Nagelkerke R² = 0.489; Hosmer–Lemeshow p = 0.504

Supplementary Table 6.2 Logistic regression results for the risk-avoidance model
(Omitted from interpretation due to non-significant overall χ² = 12.76, p = 0.309, but included for completeness.)
	Predictor
	B
	SE
	Wald
	Sig.

	Financial risks
	–2.620
	1.076
	5.924
	0.015

	Constant
	–0.918
	2.585
	0.126
	0.722


Model statistics: χ²(11) = 12.76, p = 0.309; Nagelkerke R² = 0.293; Hosmer–Lemeshow p = 0.771

Supplementary Table 6.3 Logistic regression results for the risk-reduction model
	Predictor
	B
	SE
	Wald
	Sig.
	Exp(B)

	Experience (2): 11–20 yrs
	1.305
	1.310
	0.992
	0.319
	3.687

	Experience (3): 21–30 yrs
	1.342
	1.064
	1.590
	0.207
	3.826

	Production risks
	0.749
	0.547
	1.875
	0.171
	2.114

	Policy risks
	0.883
	0.609
	2.103
	0.147
	2.419

	Additional income
	–2.312
	1.056
	4.789
	0.029
	0.099

	Constant
	–1.237
	2.163
	0.327
	0.567
	0.290

	Experience (2): 11–20 yrs
	1.305
	1.310
	0.992
	0.319
	3.687


Model statistics: χ²(11) = 18.58, p = 0.069; Nagelkerke R² = 0.362; Hosmer–Lemeshow p = 0.358




Supplementary Table 6.4 Logistic regression results for the risk-transfer model
	Predictor
	B
	SE
	Wald
	Sig.
	Exp(B)

	Experience (2): 11–20 yrs
	1.744
	1.035
	2.840
	0.092
	5.718

	Experience (3): 21–30 yrs
	3.647
	1.196
	9.294
	0.002
	38.377

	Experience (4): 31–40 yrs
	2.564
	1.104
	5.390
	0.020
	12.988

	Human risks
	1.016
	0.403
	6.368
	0.012
	2.763

	Financial risks
	0.374
	0.529
	0.498
	0.481
	1.453

	Market risks
	–0.898
	0.517
	3.017
	0.082
	0.408

	Policy risks
	–0.022
	0.420
	0.003
	0.959
	0.979


Model statistics: χ²(11) = 24.36, p = 0.011; Nagelkerke R² = 0.358; Hosmer–Lemeshow p = 0.388.
