
ODD for ABM of pig farmers’ antibiotics compliance
Purpose
To simulate both individual and group behaviour of pig farmers with respect to compliance to antibiotics legislation, and to experiment with effect of various intervention strategies (risk-based inspection, education).
Entities, state variables, and scales
Globals (partly determined by sliders in interface): 
	variable
	dynamic?
	description

	number-of-farmers
	no
	nr of farmers in the simulation

	number-of-inspectors
	no
	nr of inspectors, if inspection is switched on

	number-of-educators
	no
	nr of educators, if education is switched on

	acceptation
	no
	global population level of degree of acceptation of the law; each farmer's individual value is derived from this

	scope-social-influence
	no
	if social influence, then this scope defines the radius by which farmer's "social neighbours" are defined

	social-factor
	no
	global population level of degree of social influence: each farmer's individual value is derived from this

	risk-based-inspection
	no
	to what degree are farmers to be inspected picked at random, or selected based on previous behaviour?

	detection-probability
	no
	if a farmer is fraudulent, what is the probability that he will get caught?

	closure-term-business
	no
	if a farmer gets caught, how many time steps does his business have to close?

	education-probability
	no
	if a farmer gets educated, what is the probability that he will accept this, i.e. become compliant?

	unconsciously-non-compliant
	no
	percentage of farmers that unconsciously doesn't comply; for future implementation

	seed-used
	no
	if not randomly generated, seed-used holds random seed



Farmers: fixed population
	variable
	dynamic?
	description

	farmer-state
	no
	Current law-abiding level of the farmer [-1 1] ;
[-1 - 0 > = fraudulent, [0 - 1 ] = complying

	risk-aversion, 
risk-preference
	no
	[bookmark: _GoBack]Now: random and static, based on Guiso et al, 2004 (for 65% of the population: risk aversion >  risk preference). In future: dynamic, when farm is well/not well, farmer becomes more risk averse / risk preferred. 

	acceptation-level
	no
	Probability of legislation compliance, initialized with farmer's original farmer-state

	social-influential-factor
	no
	Susceptibility to social influence (vs. individual reasoning)

	grade
	yes
	Farmer’s 'reputation', this is changed based on farmer’s state during inspection

	times-caught
	yes
	Nr of times farmer is inspected and found fraudulent, set back to 0 after having had to close his business

	total-times-caught
	yes
	Same as 'times-caught', but not set back to 0  after having to close his business, so cumulative

	times-business-closure
	yes
	Number of times a farmer had to close his business

	mean-neighbor-state
	yes
	Mean neighbors' state in farmer’s social network



Patches: 
	variable
	dynamic?
	description

	social-neighbors
	no
	Surrounding patches within radius scope-social-influence 

	rumour
	no
	represents the rumour present at a patch when a farmer is found fraudulent; value decays with time



Reporters (calculated from other properties):
	variable
	dynamic?
	description

	perceived-business-closure-chance
	yes
	equal to detection-probability (global) if  non-compliant, otherwise 0

	perceived-inspection-chance
	yes
	equal to ratio inspectors/farmers; higher in case of risk-based inspection and farmer has been caught before



Space: farmers are placed randomly on grid; their social network consists of the neighbours who are present on patches within a radius (parameter) around the farmer’s patch.
Time: unit of measurement is one day; some events take place with larger intervals.
Process overview and scheduling
Each time step (one day simulated time) the following activities take place, in this order:
· reset all patch colors to black
· determine who is non-compliant + set state accordingly
· adjust state of all farmers (cut off at minimum and maximum values)
· apply social influence: farmers may be influenced by mean state of neighbours
· adjust each farmers’ colour, according to their state
· do inspection 
· do education 
· adjust rumour 
· update plots 
Initialization
· establish social neighbourhoods  (patches’ attribute)
· initialize farmers
· one farmer is created on each patch at random, until nr of farmers is reached. There cannot be more farmers than patches: user gets message if nr too high.
· farmers receive their own acceptation level, derived from the global population mean with stdev 0.1
· farmers’ state is initialized to the same value as their acceptation level
· risk aversion and risk preference: set to neutral values,  intended to be more elaborated in future 
· farmer’s grade is set to a random nr with mean 3 and stdev 0.5; numbers derived from calibration
· farmer’s social-intluential-factor is set to a random value derived from the global social factor mean with stdev 0.1
· times caught, total times caught, times business closure: are set to 0 
· adjust state of all farmers (see section Submodels)
· initialize inspectors and educators, if these mechanisms are on
· create inspectors as many as indicated by slider, to a max. of nr of farmers
· create educators as many as indicated by slider, to a max. of nr of farmers
Input data
No input data other than randomly generated

Submodels
determine who is non-compliant + set state accordingly
a random number is compared with a threshold, those who pass the threshold become uncompliant. The threshold is composed of:
· farmer’s acceptation level (high acceptation = less likely to become non-compliant)
· farmer’s perceived inspection chance ( see section Entities, ....)
· farmer’s perceived business closure chance (see Entities, ....)
· risk aversion vs. risk preference
if farmer becomes uncompliant:
· farmer’s state increases with 0.7 - (grade * 0.12) ; numbers based on calibration
(a steep increase, but also a gradual decay that happens anyway, see next)
otherwise:
· farmer’s state decreases with his grade * 0.12; numbers based on calibration
(there is gradual decay if nothing happens)
adjust state of all farmers
adjust farmer’s state: cannot become higher than 1 or lower than -1)
adjust farmer’s social influence factor: cannot be higher than 1 or lower than 0 
adjust farmer’s grade: cannot be higher than 5 or lower than 0
apply social influence
if social influence mechanism is turned on, farmers influence each other:
· determine what the mean state is within neighbourhood
· dependent on how susceptible the farmer is (social-influential-factor), the farmer lets this mean influence his own state. He sets his own state to:
mean-neighbor-state * social-infl.-factor + farmer-state * (1-social-infl.-factor)
adjust each farmers’ colour, according to their state
compliant farmers are grean
non-compliant farmers are red
do inspection 
every inspector inspects 1 farmer
if not risk-based inspection, it is a random farmer. Otherwise, there is a probability  that the inspector picks a farmer who has been caught before.
the farmer who is currently inspected gets a blue patch
if the farmer is compliant (state > = 0), then grade (‘reputation’) increases with 1 (max: 5)
else, if the farmer is non-compliant (state < 0), and his grade (‘reputation’) is still > 1, his grade decreases with 1, his times-caught and total-times-caught increase with 1
else, if the farmer is non-compliant and also his grade is not > 1, his business is closed, this times-arrested increases, he gets a new state with mean 0.1 and stdev 0.3 (larger stdev than at initialization: both fraudulent or non-fraudulent possible), their grade is set to 3 (they are assumed to be compliant after arrest). Set rumour of the patch to .
do education 
every educator visits one random farmer (patch becomes yellow)
farmer accepts education according to education-probability 
if he accepts, his acceptation level will increase by 0.05, and his state is increased with (perceived-business-closure-chance + perceived-inspection-chance)
adjust rumour 
any present rumour on a patch decays automatically by 1 (after an arrest it is 10).
update plots
plots and graphs in interface are updated
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