Analysing antifragility among smallholder farmers in Bihar, India: an assessment of farmers’ vulnerability and the strengths of positive deviants 
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Table S1: Glossary
	Concept
	Definition

	Adaptive capacity
	Ability to deal with perturbations and increase the extent of variability that can be coped with (Urruty et al. 2016).

	Adaptiveness
	Capacity to change

	Antifragility
	Ability to ‘bounce back better’ after a disturbance. The disturbance triggers reconfiguration of the system (Taleb, 2012).

	Autonomy
	Self-determination and self-organization that enable autonomous decision making, rather than relying on external help (Moller et al. 2006).

	Barbel Strategy
	Dual strategy where something new is explored next to activities that are known and safe (Taleb, 2012).

	Fragility
	Being prone to collapse in case of a disturbance (Taleb, 2012).

	Optionality
	Having multiple options and the flexibility to change practice when the opportunity arises, not being locked-in (Taleb, 2012).

	Positive deviant
	An individual who positively deviates from the average despite operating in a similar context (Pant and Odame 2009).

	Resilience
	Ability to ‘bounce back’ (i.e. recover) after a disturbance (Van Der Werf et al. 2014).

	Robustness
	Withstanding disturbances and maintaining system functioning (Urruty et al. 2016).

	Stocks
	Reserves or storage capacity to use a resource when needed, and are redundant (superfluous) to the system at status quo.

	Tinkering
	Evolutionary improvement and selection, a process of trial-and-error, informed by knowledge and experience accumulated over time (a career, lifetime, or generations) (Taleb 2012).

	Vulnerability
	The degree to which a system is likely to experience harm due to exposure to a undesirable situation (disturbance, shock, stress) (Turner II et al. 2003).



Table S2: Characteristics of farm-types 

Lopez-Ridaura et al. (2018) constructed a typology based on a farm household survey on farming systems and livelihood pursuits. Table 1 gives an overview of the farm characteristics of each of the types. This table has been derived from Adelhart Toorop et al. (2020).
Table 1: Description of the five farm types in Bihar. Values are medians for cultivated area, livestock density and mechanization score, and averages for fraction of harvested crops sold to markets. 
	Type label
	Type 1
	Type 2
	Type 3
	Type 4
	Type 5

	Short description
	Part-time farmers
	Wealthy farmers
	Small-scale crop and livestock farmers
	Medium-scale cereal crop farmers
	Resource-poor farmers


	Cultivated area 
	1 ha
	2 ha
	0.6 ha
	1.2 ha
	0.3 ha

	TLU on farm 
	1 
	2 
	3 
	1 
	No significant production 

	Mechanization score

	5.2
	6
	3.6
	4.4
	1.9

	Crops cultivated
	Staples
 and also oilseeds and vegetables
	Large variety of crops: staples2, oilseeds, vegetables
	Mostly staples2 
	Mostly wheat-rice rotation
	Mostly wheat-rice rotation

	Fraction of harvested crops sold to market
	One-third
	Half
	Not provided 
	Not provided
	Mostly home consumption

	Other characteristics
	Primary income from off farm work. Taking part in agriculture only on a part-time basis
	Rich and market-oriented farmers. Median income from crop and livestock is 60% and 30%, respectively
	Highest proportion of income generated from livestock product sales (median 27%). Intensive use of crop residues as animal feed (75%). 40% income originating from sales of food crops. Large families (12 adult equivalents per ha --> on a 0.6 ha farm +/- 5 adults). Low in mechanization.  
	Income primarily dependent on food and cash crops (median 70%). Milk is primarily for home consumption and does not represent a source of income
	Primary income from off farm work, mainly as laborers on other farms. Most of crop residues are either sold or used for fuel

	Proportion of farms belonging to the type in Bihar

	17%
	23%
	19%
	27%
	14%



Table S3: Quick-survey to allocate types to farmers

In the days prior to the FGDs, quick surveys were conducted to assign farmers a type. Table 2 gives an overview of the quick-survey used.  

Table 2:  Survey on houshold characteristics to allocate farms a type.    

	Farm type
	1  - 2 – 3 – 4 - 5

	Farmer name 
	

	Fathers name 
	

	Phone number 
	

	Farm size (mention unit)
	

	Number of adults in household (>16y)
	

	Number of ‘youngsters’ (10-16 years)
	

	Household members involved in farming (n)
	

	Household members involved in off-farm work (n)
	

	Number of cows/buffalo (n)
	

	Number of goats (n)
	

	Number of chickens (n)
	

	Crops grown in kharif season (excl. homegarden)
	Crop:
	INR/Self cons.

	
	
	

	Crops grown in rabi season (excl. homegarden)
	Crop:
	INR/Self cons.

	
	
	

	Crops grown in zaid (list crops + size; excl. homegarden)
	

	Income from livestock (INR)
	

	Income from off-farm sources (INR)
	

	Do you own a rainwater storage? 
	Yes/No*

	Do you have storage facilities for farm products? 
	Yes/No*


*Delete as appropriate 





Table S4: Format Focus group discussions

	Theme + time planned
	Description

	Introduction (5 min)
	Facilitator introduces research team and expectations for the session. 

	Discussion on vulnerability – disturbances, challenges and constraints (30 min)
	· Do you remember an especially good year? Why was it good?

· Which events were disastrous in the past? Did this lead to a change in management? 

· What disturbances do you fear for? 

· What is the effect of the disturbance?

· What is the worst disturbance? (why?)

· How often does this disturbance occur?

Based on the discussion that followed from the questions, we together make a list with disturbances, challenges and constraints, the frequencies and the effects

	Discussion on coping and prevention (20 min)
	· From all these disturbances, challenges and constraints, are there ways to prevent them, and to cope?

· Per disturbance/challenge/constraint we ask if there is a strategy to prevent and to cope

· On a flipchart each of the disturbances/challenges/constraints with 1) prevention strategies and 2) coping strategies are written. We check: Does everyone agree? 


	Introducing three strategies for antifragility (20 min)
	We identified three strategies to reduce vulnerability:  (i) Optionality: Having multiple options to choose from, (ii) Stocks: Reserves or storage capacity to use a resource when needed and (ii) Independence: Can people follow their own ideas and interests? Or do they have to follow people in their surroundings, rules or regulations? 

· How do participants interpret these strategies? 

· What are examples of optionality, stocks and independence in their enterprises? (five ranked statements as starter for the discussion)

· Do participants recognize these strategies as buffering strategies? Do we miss strategies?   

· What could be other ways to enlarge optionality, stocks and independence?





Table S5: Semi-structured interview with positive deviant farmers
	Topic/question

	Name + fathers name:

	Phone number:

	Farm size (ha):

	Animals:

	Crops Kharif (crop + area):

	Crops Rabi (crop + area):

	Crops Zaid (crop + area):

	Perrenials (crop + area):

	Labor availability:

	Residue management (e.g. manure, straw, plant material, tree leaves) 

	Water availability and access:

	How is the quality and accessibility:

Market outlet and satisfaction with prices and structure:

	Description of land fragmentation and related constraints:

	Description of autonomy/independence at the enterprise level:

	Description of stocks at the enterprise level:

	Description of optionality at the enterprise level:

	Income from off-farm activities:

	Income fruits:

	Income crops:

	Income livestock:

	Short description of trajectory of change:


Method S1: Kruskal-Wallis  

Farmers who attended the FGDs (n=92) and policy informers (n=13) were asked to rank the following five statements based on importance: ‘I aim for a diversified income’; ‘I am dependent on advice’; ‘Limiting the use of fertilizers and inputs is important to be independent’; ‘Water storage is essential in case of a drought’; ‘Storage facilities to store produce is important to get a good price on the market’. We applied a Kruskal–Wallis test, followed by Dunn’s test, to check for significant differences between types (farmers and policy informers). There was however no significant difference found. 

data:  data$income and data$Type

Kruskal-Wallis chi-squared = 1.4533, df = 1, p-value = 0.228

data:  data$advise and data$Type

Kruskal-Wallis chi-squared = 0.00060684, df = 1, p-value = 0.9803

data:  data$inputs and data$Type

Kruskal-Wallis chi-squared = 1.651, df = 1, p-value = 0.1988

data:  data$water and data$Type

Kruskal-Wallis chi-squared = 1.7069, df = 1, p-value = 0.1914

data:  data$storage and data$Type

Kruskal-Wallis chi-squared = 1.3017, df = 1, p-value = 0.2539

Figure S1: Map of case-study area
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	Figure S1: Map of India with Bihar in grey (left) and detail of Bihar with its 38 districts (right). Data was collected in Samastipur and Vaishali districts (in grey on detailed map).


Box S1: Trajectory of change of two positive deviant farms
	Box 1 – mushrooms, biogas, fish, service provider: 

“Eight years ago I didn’t have a positive outlook on agriculture. I asked a researcher who came to the village regularly: ‘should I quit farming and look for a job in the city?’. He did not give any advice, but offered me a training to install and use a biogas installation. I liked it very much. When I was familiar with the biogas I wanted to explore something new. I got a training in growing mushrooms. I can sell them easily and there is demand for spores, so I also started to sell spores. These activities boosted my enthusiasm to farm. I invested in machinery which I also use to work as a contractor. I like to say that money is a good teacher; if you earned, you learned!”  

	Box 2 – fish collective: 

“Before 2010 the area was often fallow: the lowlands of Saray Ranjan had unfavorable conditions for good crop growth. Fish cultivation was stimulated by the government and I got the opportunity to follow a course on fishery in Andhra Pradesh. Together with 5 farmers I started the first pond. It went well and we wanted to expand. We asked farmers with their fields adjacent to the pond to join our collective. Now farmers ask us if they can join. Then they are offered a training. These ponds are like an ATM. If members need money, they call a fisherman, there are always customers and in all stages of the growth there is return. On the sides of the ponds, vegetables are cultivated and fruit trees are abundant. With the collective labor is not a problem. We are now 37 farmers with in total 95 acres (38 ha). It is good to be bigger, there are always people around to watch and to guard. The government is also helpful because we are a group, there is now electricity. We also get monthly visits from an expert who advises, but by now we know what to do with most of the challenges.” 
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� Referred as Resource-poor agricultural laborers in Lopez-Ridaura et al. (2018)


� Mechanization score as calculated by Lopez-Ridaura et al. (2018)


� Staples in Bihar are wheat, rice and maize


� Based on the proportion found in the 269 surveyed farms by Lopez-Ridaura et al. (2018)





2

