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ABSTRACT
This	work	seeks	to	explore	and	demonstrate	the	use	of	Agent	Based	Simulations	

(ABS)	in	modelling	and	simulating	supply	chains.	Such	methodology	was	applied	to	de-
velop	a	model	to	evaluate	the	impact	of	current	tax	policies	in	soy	supply	chain	in	Brazil.	
The	model	brought	interesting	insights	on	how	the	country’s	current	tax	structure	induc-
es	logistics	and	tributary	trade-offs,	therefore	generating	a	suboptimal	grain	distribution.	
This	is	accomplished	by	going	through	the	conception	and	implementation	of	an	Agent	
Based	Model.	First	there	is	the	definition	and	delimitation	of	the	main	agents	acting	upon	
soy’s	 supply	 chain,	 such	as	producers,	 trader	and	 consumers.	 Those	agents	 then	have	
their	behaviors	studied	and	translated	into	programable	patterns.	Finally,	the	model	con-
siders	the	environmental	interactions	with	the	mentioned	players,	including	the	effects	
of	infrastructure	capacities,	transportation	costs,	storage	costs	and	tax	legislation.	After	
quantitative	and	behavioral	validation,	 the	simulation	 is	 then	able	 to	mimic	 the	actual	
allocation	of	corn,	soy	and	soymeal	productions	 in	 their	 respective	supply	chains.	This	
would	allow	inferring	how	the	system	could	work	in	different	tax	conditions,	thus	quan-
tifying	the	tributary	 impact	 in	terms	of	congestions,	 idle	 infrastructure	and	delays.	The	
analysis	of	such	results	points	out	that	a	path	dependant	tax	system	may	induce	agents	to	
opt	for	inefficient	logistic	solutions,	if	such	alternatives	are	cheaper	when	taking	taxes	into	
account.	From	those	simulations	it	is	possible	to	conclude	that	there	are	opportunities	for	
supply	chain	efficiency	gains	in	the	design	of	a	new	tax	policy.

Keywords:	Agent	Based	Modelling	and	Simulation;	Soy;	Corn;	Supply	Chain;	Supply	Chain	
Modelling.
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1. INTRODUCTION  

Agent	Based	Simulation	(ABS)	is	a	relatively	new	class	of	
computation	models	–	if	it	is	compared	to	other	simulation	
approaches,	such	as	Dynamic	Systems	and	Discrete	Events	–	
and	there	is	still	no	consolidated	approach	concerning	this	
tool.	Nevertheless,	it	has	proven	itself	useful	and	it	is	grow-
ing	 in	 the	engineering	field	 (Klügl,	2016).	 It	works	 through	
the	 observation	 of	 the	 emerging	 behaviour	 of	 a	 complex	
system	 composed	 by	 many	 autonomous	 and	 interacting	
individual	entities	 (Macal	&	North,	2010).	This	mechanism	
makes	ABS	a	useful	tool	for	the	decision	making	process	in	
environments	 where	 the	 decision	 maker	 has	 low	 control	
over	all	agents	in	the	system.	A	good	example	for	the	appli-
cation	of	such	method	would	be	public	policies	design,	be-
cause	it	allows	the	simulation	of	the	behaviors	that	multiple	
stakeholders	may	have	under	a	new	policy	or	regulation,	de-
termining	the	policy	success	and	additional	effects.

In	 the	aforementioned	 context,	 the	goal	of	 the	present	
work	 is	 to	explore	the	Agent	Based	Modelling	and	Simula-
tion	framework,	reproducing	and	demonstrating	the	meth-
ods	proposed	by	Klügl	(2016)	and	Macal	&	North	(2010)	in	
order	 to	 provide	 insights	 concerning	 public	 policies	 in	 the	
agriculture	sector.	This	was	done	by	applying	Agent	Based	
Simulation	to	model	and	simulate	soy	and	corn	supply	chains	
aiming	to	evaluate	the	impact	of	the	current	tributary	policy	
in	Brazil’s	soy	trade.	Therefore,	this	study	was	able	to	simu-
late	public	policies	concerning	some	of	the	most	important	
sectors	in	the	Brazilian	economy,	such	as	soy	and	soy	meal,	
which	accounted	for	53%	of	all	Brazilian	agriculture	exports	
in	terms	of	weight	in	2015	(ANTAQ,	2015).

Besides	 its	 great	 importance,	 this	 sector	 faces	 major	
challenges	 concerning	 logistics	and	 supply	 chain	efficiency	
due	to	a	trade	off	in	between	optimal	logistics	and	taxation.	
Those	challenges	are	exposed	 in	 the	studies	conducted	by	
Santos	and	Abrita	 (2016),	which	 indicate	 that	 soy	export’s	
tax	 exemption	 and	 the	 current	 Brazilian	 tax	 configuration	
generate	negative	externalities	in	the	soy	supply	chain,	dein-
dustrializing	 the	 sector	 and	 increasing	 processing	 plants’	
idleness.	This	situation	happens	because	soy	and	soy	meal	
trades,	 involving	agents	 located	 in	different	states,	are	pe-
nalized	in	detriment	of	exports.	

The	mentioned	tax’s	path	dependency	is	better	exempli-
fied	in	the	diagram	bellow,	where	there	are	different	possi-
bilities	for	soy	to	be	processed	or	exported	after	being	pro-
duced	on	state	A.	This	diagram	shows	the	path	dependency	
in	the	tributary	system	because,	even	though	there	are	paths	
with	the	same	end	result	(i.e.:	III	and	VII	finish	with	soy	be-
ing	consumed	at	State	A	and	II	and	VI	end	in	exports),	they	
are	taxed	differently.	Such	situation	generates	inefficiencies,	
because,	 even	 though	 the	 taxed	 paths	 might	 sometimes	
be	more	logistically	efficient,	they	are	not	going	to	be	used	

due	to	their	extra	costs.	This	scenario	creates	a	trade-off	in	
between	optimum	logistics	and	taxation,	therefore	produc-
ing	unbalances	in	the	supply	chain,	incentivising	excess	and	
scarcity	of	soy	and	soy	meal	to	coexist	across	state’s	borders.	

Figure 1.	Description	of	the	tax	mechanisms	 
in	the	soy	supply	chain

The	 situation	 shown	 above	 indicates	 that,	 at	 least	 the-
oretically,	 there	 is	 a	 great	 opportunity	 in	 terms	 of	 public	
policies	because	the	entire	sector	would	be	more	efficient	
with	an	improved	taxation.	However,	in	order	to	design	such	
measure,	 it	 is	necessary	to	estimate	how	agents	act	under	
different	 tributary	 rules	 and,	 then,	 evaluate	 how	 the	 sys-
tem’s	 efficiency	would	 change	 under	 such	 conditions.	 For	
this	purpose,	the	model	in	this	work	replicates	each	agent’s	
behavior	 in	 the	 soy	 supply	 chain,	 such	as	producers,	 trad-
ers,	consumers	and	ports	in	a	georeferenced	network	sub-
ject	to	infrastructure	constraints,	freight	costs,	government	
taxation,	and	regulation.	Moreover,	it	also	considers	the	ef-
fect	of	corn	supply	chain	due	to	mutual	 interference	in	 in-
frastructure	use	and	congestions.	Finally,	the	model	is	used	
to	evaluate	how	the	system	is	affected	in	terms	of	soy	pro-
cessing	plants’	utilization,	 logistics	costs	and	 infrastructure	
congestion	if	taxes	cease	to	be	path	dependant.	Therefore,	
this	model	can	be	useful	in	the	governmental	decision	mak-
ing	process	because	it	estimates	how	autonomous	agents	in	
the	agriculture	sector	react	to	a	tributary	policy	in	terms	of	
supply	chain	efficiency.

To	 demonstrate	 this	 idea,	 this	 article	 is	 structured	 in	
six	 sections.	 First,	 this	 work	 reviews	 theoretical	 concepts	
concerning	agent	based	modelling	 in	 the	 theoretical	back-
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ground	 section.	 The	 next	 section	 describes	 the	 methods	
used	to	model	and	analyse	soy	supply	chain	under	different	
tributary	scenarios.	The	modelling	section	shows	the	appli-
cation	of	such	methods,	presenting	the	model	development	
and	implementation.	Next,	the	fifth	section	presents	analy-
sis	and	the	model	validation.	Finally,	the	last	section	summa-
rizes	the	article	and	draws	its	final	conclusions.

2. THEORETICAL BACKGROUND

This	section	synthetizes	the	theoretical	background	con-
cerning	Agent	 Based	 Simulation	 and	 its	 application	 to	 the	
taxation	in	the	soy	supply	chain.	First,	it	goes	through	a	re-
view	of	agent	based	modelling	and	simulation	tutorials	in	or-
der	to	build	the	framework	presented	in	this	work.	Second,	
it	 visits	 other	 works	 concerning	 supply	 chain	 simulations,	
indicating	 trends	 and	 presenting	 Agent	 Based	 Simulations	
applied	to	such	kind	of	problems.

2.1 Agent Based Simulation

Even	 though	 there	are	no	 consolidated	modelling	prac-
tices	 in	ABS,	Klügl	 (2016)	and	Macal	&	North	 (2010),	have	
presented	 structured	 approaches,	 guides	 and	 tutorials	 to-
wards	building	agent	based	models	and	simulations.	These	
approaches were useful in order to conceive and develop 
the	simulation	model	shown	in	the	next	section.	Those	two	
approaches	 are	 quite	 similar	 and	 can	 be	 summarized	 in	
three	steps:	

• Definition	of	the	agents

• Definition	of	interactions	and	topology

• Environment	definition

The	conception	of	a	model	starts	after	the	definition	of	a	
problem	with	variables	of	interest.	In	the	context	of	an	agent	
based	model	the	first	step	would	be	to	study	the	underlying	
problem	in	detail	in	order	to	define	and	delimit	the	objects	
which	 have	 influence	 over	 the	 problem’s	 outcome.	 These	
entities	are	usually	active	and	autonomous	in	respect	to	the	
other	agents	in	the	simulated	environment.	Each	agent	may	
have	a	set	of	static	or	dynamic	attributes	representing	the	
entity’s	characteristics,	such	as	age,	income,	gender,	beliefs,	
inventory	level,	etc.

In	this	second	step,	definition	of	agent’s	interactions	and	
organization,	each	one	of	 the	previously	defined	agents	 is	
observed.	 The	 observations	 are	 then	 used	 to	 understand	
and	represent	the	drivers	and	rules	permeating	the	agent’s	
behavior	 and	 their	 relationships.	 Those	 drivers	 and	 rules	
can	be	represented	in	many	ways:	a	Nash	Equilibrium,	and	

animal	instinct,	any	pattern	found	in	behavioral	economics,	
or	a	cultural	convention.	 In	addition,	 it	 is	necessary	to	un-
derstand	the	relationships	and	communication	 in	between	
agents,	 which	 can	 be	 represented,	 for	 instance,	 as	 a	 net-
work,	a	cloud	or	a	set	of	free	objects	moving	through	space.

Finally,	 it	 is	necessary	to	define	the	environment	under-
lying	the	entire	model.	This	step	consists	 in	understanding	
and	representing	the	interactions	in	between	the	agents	and	
the	environment	as	they	might	be	mutually	influential.		Even	
though	the	environment	is	usually	an	inactive	object,	as	the	
agents,	it	also	may	have	parameters	such	as	pressure,	color,	
luminosity,	etc.	

2.2 Agent Based Simulation applied to Supply Chains

In	addition	to	the	visited	Agent	Based	Modelling	and	Sim-
ulation	(ABMS)	framework,	it	is	also	useful	to	verify	the	use	
of	Agent	Based	Simulations	applied	to	supply	chain	manage-
ment.	Van	der	Zee	&	Van	der	Vorst	 (2005)	have	perceived	
the	opportunity	in	the	uses	of	methods	which	would	pres-
ent	explicit	control	structures,	focused	on	controlling	agents,	
instead	 of	 methods	 focused	 on	 physical	 transactions	 and	
processes.	Since	then,	ABMS	has	grown	rapidly	and	contin-
ues	to	evolve	due	to	the	development	of	new	approaches	
and	 techniques	 such	 as	 the	 model	 calibration	 framework	
presented	by	Magariño	&	Navarro	(2016).	Moreover,	ABMS	
frameworks	have	made	significant	progress	towards	simulat-
ing	human	behavior	and	decision	making	process.	Elkosanti-
ni	(2015),	for	instance,	proposes	a	generic	simulation	model	
for	human	centred	simulations.

Concerning	 supply	 chain	 simulations,	 the	 literature	 re-
view	 made	 by	 Oliveira	 et al.	 (2016)	 indicates	 that	 agent	
based	models	are	becoming	an	increasing	trend	in	the	sup-
ply	chain	simulation	field	and	is	expected	to	grow	because	
such	method	has	emerged	as	a	robust	and	competitive	tool	
for	 modelling	 highly	 complex	 interfaces	 in	 supply	 chains,	
where	other	methods	such	as	DES	are	currently	more	used.	
While	DES	is	especially	useful	to	simulate	certain	elements	
of	a	supply	chain,	such	as	a	port	terminal	Cimpeanu	(2014),	
ABMS	is	a	very	powerful	tool	when	the	simulation	reaches	
a	wider	scope.	An	interesting	example	is	the	work	conduct-
ed	by	Dorigatti	et al.	(2016),	where	a	generic,	versatile	and	
systematic	method	is	presented	to	model	and	transport	in-
teractions	in	supply	chains	is	simulated	using	an	agent	based	
approach.	

In	this	work,	Dorigatti	et al.	 (2016)	presents	three	kinds	
of	 agents:	 Client,	 Transport	 and	 Supplier.	 Both	 Client	 and	
Supplier	 are	 arranged	 in	 a	 georeferenced	 network	 while	
Transport	moves	 from	one	agent	 to	 the	other.	 In	 terms	of	
behavior,	all	agents	exchange	 information	such	as	demand	
requirements	and	sourcing	plans	 in	an	 iterative	form,	gen-
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erating	 a	 delivery	 plan,	 a	 distribution	 plan,	 a	 production	
plan	and	a	 sourcing	plan.	After	agreeing	upon	 such	plans,	
the	supplier	 starts	 to	 fulfil	 the	orders	 in	 the	plans	by	veri-
fying	the	 inventory	and	sending	the	products	to	the	Client	
through	the	Transport	agent;	 the	Client	receives	the	order	
and	informs	the	Supplier.	If	events,	such	as	expired	products,	
stock out at the supplier or the Transport agent is unavail-
able,	the	order	is	cancelled.	Finally,	the	model	takes	into	ac-
count	environmental	elements	such	as	distances	in	between	
Suppliers	and	Clients.

3. FRAMEWORK DEFINITION

Before	 applying	 the	 agent	 based	 model	 framework	 to	
the	analysis	of	logistics	and	supply	chain	efficiencies	in	the	
grain	 sector,	 it	 is	 necessary	 to	 first	 demonstrate	 whether	
such	method	is	suitable	to	the	grains	supply	chain	modelling	
and	simulations.	The	main	reason	to	endorse	such	method	
for	this	application	is	the	direct	correspondence	in	between	
real	life	and	the	agent	based	model	elements.	For	this	rea-
son,	 it	 is	 relevant	 to	 indicate	 the	presence	of	 agents	 such	
as	grain	producers,	traders,	logistic	operators,	cooperatives	
and	grain	consumers	responsible	for	decentralized	decisions	
that	affect	the	system’s	overall	behavior.	Those	agents	have	
a	well-defined	decision	pattern,	as	they	take	actions	in	order	
to	maximize	 their	 profits.	 In	 addition,	 there	 is	 an	environ-
ment	which	subjects	the	agents	to	a	transportation	network	
possessing	dynamic	and	static	properties	such	as	congestion	
levels,	tax	legislation	and	infrastructure	capacities	that	influ-
ence	agents’	decisions.

After	indicating	the	possibility	of	the	application	of	such	
method	to	tax	policy	in	the	grain	supply	chains,	the	applica-
tion	of	this	framework	follows	guidelines	close	to	the	ones	
presented	 in	 the	 last	 subsection.	 First,	 this	 work	 reviews	
some	concepts	regarding	soy	and	corn	supply	chains	in	Brazil	
in	order	to	gather	information	on	its	main	agents	and	their	
relationships.	Next,	there	is	the	definition	and	delimitation	
of	 the	main	 players	 in	 this	 environment,	which	 is	 used	 to	
shape	a	conceptual	model,	describing	the	model’s	topology	
and	agent’s	interactions	in	a	generic	supply	chain,	similar	to	
the	one	presented	by	Dorigatti	et al.	(2016).

Then,	each	agent	and	each	supply	chain	is	further	studied	
and	differentiated	from	the	others	according	to	the	used	com-
modity.	In	addition,	the	agents’	behaviors	are	translated	in	pro-
grammable	patterns,	modelling	price	formation,	material	flows	
and	communications.	Finally,	the	model	considers	other	envi-
ronmental	factors	such	as	distances	and	transhipment	costs.	

Those	patterns	defining	each	agent’s	behaviors	are	then	
implemented	in	python.	 It	generated	a	model	that	was	 in-
putted	 with	 data	 containing	 parameters	 such	 as	 consum-
ers’	demand,	freight	prices,	taxes,	grains’	seasons	and	local	

amounts	produced,	etc.,	collected	and	estimated	from	insti-
tutional	and	governmental	databases.	Next,	the	model	was	
validated	by	confronting	the	model’s	outputs	with	historical	
data	such	as	exports,	grain	balances	and	processing	industry	
utilization	rates.	Moreover,	the	hinterlands	presented	in	the	
model	shall	be	compared	to	the	actual	hinterlands	and	exist-
ing	infrastructure.

After	 the	 validation,	 the	 model	 underwent	 a	 scenario	
analysis	which	compares	the	current	tax	system	to	other	in	
which	 taxes	are	not	path	dependent,	 thus,	not	generating	
trade	off	in	between	optimal	logistics	and	optimal	taxation.	
In	 this	 new	 scenario,	 indicators	 involving	 soy	 processing	
plants	utilization	and	congestions	at	ports	were	used	to	eval-
uate	the	outcomes	of	a	non-path	dependant	tax	system.

4. FRAMEWORK APPLICATION

This	section	starts	by	reviewing	some	concepts	concern-
ing	 grains	 supply	 chain	 that	 are	 utilized	 to	 build	 an	 initial	
prototype.	 This	 first	 prototype,	 based	on	qualitative	 infor-
mation,	seeks	to	reflect	agents’	behaviors	and	grains	supply	
chains	configurations,	translating	them	into	programmable	
patterns.	Then,	it	is	further	detailed	over	the	following	sub	
sections,	receiving	both	quantitative	and	behavioral	inputs,	
resulting	in	a	final	simulation	model.	Its	results	are	then	dis-
cussed,	validated	and	analysed	on	section	five,	providing	ev-
idence	for	the	conclusions	drawn	in	the	last	section.

4.1 Grains Supply Chains overview

The	 literature	presents	many	works	 that	map	the	agents	
in	the	soy	and	corn	supply	chains	in	a	regional	and	national	
context,	defining	their	interactions	and	organization.	Roberti	
et al.	(2016)	show	the	soy	supply	chain	defined	by	five	play-
ers:	inputs	suppliers,	producers,	originators,	processing	indus-
try,	and	final	consumers.	The	first	are	the	providers	of	seeds,	
chemicals,	fertilizers	and	equipment.	The	producers	use	those	
inputs	to	plant	and	harvest	soy,	the	originators	buy	the	pro-
ducer’s	grains	and	conduce	the	distribution	process	(storage	
and	transportation).	The	processing	 industry	transforms	soy	
into	soy	meal	and	soy	oil,	and	finally,	the	final	consumers	are	
mostly	the	livestock	industry,	and	soil	oil	to	produce	biodiesel	
or	use	in	the	food	industry	and	households.

Other	authors	 such	as	Machado	et al. (2013),	and	Silva	
et al.	(2010),	also	present	a	similar	configuration	to	the	one	
mentioned	 above.	 In	 addition,	 Martha	 Junior	 (2012)	 pro-
vides	 a	 similar	model	 to	 represent	 the	 corn	 supply	 chain,	
consisting	of:	suppliers,	corn	producers,	originators,	process-
ing	industry	and	final	consumer.	Figure	2	shows	a	summary	
of	the	agents	and	their	relationships	in	the	aforementioned	
works	in	both	supply	chains.
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The	previous	diagram	is	useful	to	observe	behaviors	and	cre-
ate	a	first	version	of	a	supply	chain	model,	in	the	next	subsec-
tion.	 It	shows	the	material	flows,	given	by	agriculture	 inputs,	
grains	or	their	sub	products,	and	 information	flows,	given	by	
cash,	future	contracts,	or	prices,	exchanged	among	agents.	

4.2 Model overview

According	to	the	material	and	information	flows	observed	
in	 the	 Figure	2,	 in	 the	 last	 section,	 there	 are	direct	 corre-
spondences	 in	between	 the	agent’s	position	 in	 the	 supply	
chain	and	behaviors,	such	as:	players	can	act	as	distributors,	
producers,	consumers,	or	a	combination	of	those	roles	 for	
a	given	product.	These	players	can	be	represented	in	a	net-
work	with	multiple	layers,	where	each	layer	groups	a	certain	
class	 of	 agent	 according	 to	 its	 geographic	 position,	 as	 the	
one	presented	in	Figure	3,	bellow:

4.3 Agents

According	 to	 the	 conceptual	model	 prototype,	 there	 are	
three	types	of	agents:	First,	there	are	the	producers,	charac-
terized	by	an	endogenous	curve	of	production	over	time,	sim-

ulating	the	harvests	or	output	of	the	processing	industry,	this	
production	flow	is,	 then,	allocated	to	nearby	traders,	which	
will	distribute	the	commodity	across	ports	and	consumers	by	
evaluating	the	trade	off	in	between	logistics	costs	and	prices	
paid	by	each	entity.	Finally,	ports	and	consumers	will	present	
a	price	curve,	which	is	related	to	each	agent	current	invento-
ry	level,	consumption	rate	and	seasonal	factors.	In	addition,	
it	 is	 important	 to	notice	 that	 the	processing	 industry	 is	not	
represented	by	a	single	individual	agent	because	it	can	be	rep-
resented	by	a	consumer	of	soy	and	a	producer	of	soy	meal,	
where	the	exiting	flow	of	soy	meal	is	conditioned	by	the	in-
ventory	level	and	the	incoming	flow	of	soy.

4.4 Agents Behavior and Topology

Proceeding	 with	 the	 defined	 method,	 this	 subsection	
should	 define	 the	 behaviors	 and	 configuration	of	 each	 one	
of	the	previously	defined	agents	using	a	programmable	pat-
tern,	taking	into	account	each	agent	objective.	First,	there	are	
the	producers	which	either	have	an	endogenous	production	
curve	(i.e.:	soy	and	corn	farmers)	or	have	a	steady	production	
which	depends	on	the	presence	of	inputs	(i.e.:	soy	processing	
plants	for	soy	meal).	Second,	there	are	the	traders,	which	will	
continuously	evaluate	commodity	prices	and	freight	costs	and	

Figure 2.	Soy	and	corn	supply	chains	agents	and	their	interactions
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then	will	 send	 products	 to	 the	most	 profi	table	 consumers.	
Finally,	 there	are	 the	consumers,	 such	as	processing	plants,	
catt	le	and	chicken	breeders	and	ports,	which	will	value	inputs	
based	upon	current	stocks	and	external	factors.

Producers

There	 are	 two	 kinds	 of	 producers	 in	 terms	 of	 behav-
iors;	 farmers	 and	 soy	 processing	 plants.	 The	 first	 algo-

rithm,	presented	on	 figure	4	bellow	shows	how	 farmers	
behave.	They	have	a	predefined	endogenous	production	
curve	based	upon	the	products’	 seasonality	and	historic	
production;	this	production	is	then	transferred	to	a	trader	
after	a	lead	time	,	where	i	is	the	producer’s	index	and	k is 
the	crop	index.	The	accumulated	production	is	represent-
ed	by	a	sigmoid	curve	centred	in	the	harvest	season	peak	
and	is	parametrized	according	to	the	harvest	duration	as	
to	represent	its	seasonality.

Figure 3.	Conceptual	Model	Prototype

Figure 4. Soy	and	Corn	producer’s	behavior	algorithm
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The	second	type	of	producer,	the	soy	processing	plants,	
have	a	fixed	operation	capacity,	given	by	its	equipment.	In	
this	context,	if	soy	is	abundant,	it	should	have	a	stable	soy	
meal	 production	 close	 to	 its	 total	 capacity,	 otherwise,	 if	
inventories	 are	 depleted,	 soy	meal	 production	 should	 be	
zero.	Moreover,	 as	 the	 farmes,	 the	 soy	processing	plants	
have	a	lead	time	to	send	its	soy	meal	to	an	originator.	The	
processing	plants	behavior	is	represented	in	the	algorithm	
bellow.	

Originators

In	the	model	proposed	in	this	work,	the	trader’s	behav-
iors	were	inspired	by	the	Congestion	Game.	This	game,	as	
introduced	by	Rosenthal	 (1973),	 is	 a	game	 in	which	each	
player	should	choose	to	use	one	or	more	resources	 from	
a	set	of	common	resources.	The	payoff	function	associat-
ed	with	each	resource	and	player	is	a	decreasing	function,	
depending	on	the	number	of	players	using	that	very	same	

Figure 5.	Soy	processing	plant’s	behavior	algorithm

Figure 6.	Originator’s	behaviors	algorithm
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resource.	In	such	way,	a	congestion	game	is	a	suitable	mod-
el	to	represent	decisions	made	under	scarcity	of	common	
resources.	

Concerning	 this	 simulation,	 originators	 would	 be	 con-
strained	by	the	scarcity	of	resources	such	as	ports	capacities	
or	local	consumer’s	demand.	Therefore,	each	of	the	agents	
would	 weight	 freight	 and	 price	 of	 the	 commodity	 before	
choosing	where	 to	 sell	 their	 products	 at	 every	 simulation	
step.	 This	 behavior	 is	 comparable	 to	 an	 iterative	 best	 re-
sponse	algorithm	if	the	model	assumes	atomic	players	act-
ing	in	a	sufficiently	short	time	interval.	It	happens	because	
it	 takes	multiples	 iterations	 before	 a	 significant	 change	 in	
routes	and	prices	conditions	occur.	Therefore,	we	have	the	
following	 solution	 for	 the	 trader’s	flows	of	a	generic	 com-
modity	in	the	position	i	and	linked	to	the	consumer	j	at	time	
t	represented	in	the	algorithm	in	Figure	6.

According	to	the	algorithm	above,	each	trader	will	evalu-
ate	the	prices	practiced	at	each	consumer	and	then	calculate	

each	route’s	payoffs	by	considering	freight	costs	(and	taxes).	
The	trader	will	then	divide	the	incoming	flow	from	farmers	
equally	among	the	most	profitable	consumers	and	will	send	
nothing	to	the	remaining	consumers.

Consumers and Ports

Proceeding	 to	 the	 last	 set	of	agents,	 there	are	 the	con-
sumers	 and	ports	 algorithms	 represented	 in	 figures	 7	 and	
8	bellow.	These	agents	have	very	similar	behavior,	as	 they	
divulgate	prices	to	adjacent	traders	in	order	to	influence	in-
coming	commodity	flows	and	then	update	their	inventories.	
The	mentioned	agents	also	have	an	exit	flow	representing	
the	consumers	demand	rate	or	the	ports	capacities.	The	only	
difference	among	the	mentioned	players	are	the	functions	
defining	their	prices.	The	consumer’s	prices	are	defined	as	
a	 sigmoid	 function,	 considering	 the	difference	 in	 between	
their	current	inventory	position	and	the	expected	inventory,	
given	by	a	seasonal	curve.	Otherwise,	prices	at	ports	are	giv-

Figure 7.	Consumers’	behaviors	algorithm
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en	by	the	total	storage	costs	subtracted	from	the	commodity	
prices	practiced	 internationally.	 In	this	case,	 the	total	stor-
age	costs	would	be	given	by	the	current	inventory	position	
(in	days)	multiplied	by	the	unitary	storage	costs.

The	consumers	will	 compare	 their	 current	 inventories	 to	
their	expectations,	which	are	given	by	a	crescent	linear	func-
tion	during	the	harvest	season	and	decreasing	linear	function	
during	the	off	season.	If	their	inventories	are	lower	than	the	
expectations,	prices	should	be	high	and	low	otherwise,	obey-
ing	a	sigmoid	function	with	a	minimum	value	of		and	a	maxi-
mum	value	of	.	The	maximum	value	represents	the	maximum	
price	the	commodity	is	willing	to	pay	for	an	additional	ton	of	
commodity	 before	 stopping	 its	 operations,	 while	 the	mini-
mum	value	represents	the	price	at	which	the	consumer	would	
recognize	an	arbitrage	opportunity,	 therefore	willing	 to	buy	
an	unlimited	amount	of	inputs.	In	addition,	prices	sensitivity	
to	inventory	variation	is	given	by	the		parameter.

Following	to	ports,	represented	in	the	figure	8	bellow,	pric-
es	are	defined	by	prices	practiced	internationally	(considered	
flat)	minus	storage	costs,	which	are	calculated	based	on	port’s	
total	 stock	 (or	 congestions),	 calculated	 in	 days.	 In	 addition,	
there	is	a	mutual	interference	among	all	crops	because	they	
use	the	infrastructure.	Therefore,	the	greater	is	the	amount	of	
all	commodities	waiting	to	be	exported	at	a	port,	the	less	it	is	
willing	to	pay	for	an	additional	ton	of	any	commodity.

Considering	all	players	described	above,	we	have	that	in-
formation	 (prices)	 and	 the	modelled	 commodities	 travel	 in	
opposite	directions,	 stablishing	multiple	balancing	 feedback	
loops,	therefore	making	it	difficult	for	consumers	or	ports	to	
have	excessive	stocks	or	run	out	of	the	modelled	commodity.

4.5 Environment

Other	than	the	agent’s	and	their	behaviors,	there	are	el-
ements	 in	 the	model	 that	affect	agent’s	decisions,	such	as	
distances,	transportation	infrastructure,	infrastructure	qual-
ity,	and	 tax	 legislation.	Those	elements	are	materialized	 in	
the	form	of	logistics	costs	and	IVA	taxation,	prioritizing	some	
routes	over	others.

In	order	to	calculate	players’	payoffs,	other	than	prod-
uct	 prices,	 it	 is	 necessary	 to	 consider	 freight	 costs	 be-
cause	in	agriculture,	as	players	deal	with	large	volumes	of	
commodities	of	 low	aggregate	value	in	business-to-busi-
ness	context,	 logistic	costs	and	taxes	become	one	of	the	
most	 important	 factors	 in	 the	 players’	 decision-making	
process.	Therefore,	 the	 inputs	 concerning	 logistics	 costs	
must	consider:

• Freight	costs	through	roads

• Freight	costs	through	railroads

• Freight	costs	through	waterways

• Transhipment	costs

• IVA

Each	one	of	these	inputs	is	specific	across	different	routes	
and	geographies;	therefore,	they	must	be	carefully	studied	
before	being	inputted	in	the	model.		

Figure 8.	Ports’	behaviors	algorithm
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4.6 Consolidated model 

Taking	 in	account	all	 studied	agents,	kinds	of	crops	and	
behaviors,	the	model	should	have	the	topology	presented	in	
the	Figure	9	bellow:

In	this	topology	there	are	the	soy	and	corn	supply	chains.	
The	fi	rst	consists	of	soy	producers	that	can	send	their	pro-
ducti	ons	 to	 soy	 processing	 plants	 that	 produce	 soy	meal	
for	animal	feeding.	The	second	consists	of	corn	producers	
that	can	send	their	producti	ons	to	many	kinds	of	consum-
ers	(most	of	it	animal	feeding).	Furthermore,	all	crops	can	
be	exported,	causing	mutual	 interference	 in	commoditi	es	
at	ports.

Moreover,	 Figure	 10	 bellow	 shows	 a	 summarized	 algo-
rithm	 for	 the	 model,	 integrati	ng	 the	 behavior	 algorithms	
shown	 on	 subsecti	on	 4.4.	 It	 starts	 by	 calculati	ng	 current	
producer’s	producti	on	and	then	sends	it	to	the	trader;	next,	
the	 consumers	 update	 the	 prices,	 the	 traders	 evaluate	 all	
routes’	 payoff	s	 and	 send	 the	 incoming	 producti	on	 to	 the	

most	 profi	table	 consumers.	 Finally,	 the	 consumers	will	 re-
ceive	the	crops,	use	some	of	it	and	update	their	inventories.	
The	model	will	then	proceed	to	following	ti	me	frame.	Each	
ti	me	frame	consisti	ng	of	one	day	and	model	is	run	for	one	
year,	according	to	producti	ons	and	infrastructure	conditi	ons	
of	2015.

5. RESULTS AND ANALYSIS

This	secti	on	describes	the	outputs	of	the	model	and	com-
pares	 it	 to	historical	 data	 to	 validate	 it.	 Those	outputs	 as-
sume	multi	ple	dimensions,	such	as	exports	by	port,	exports	
over	ti	me,	 and	geographic	 infl	uence	of	 each	port,	 proving	
the	model	 coherence.	 Furthermore,	 the	diff	erences	 in	be-
tween	the	model	and	the	reality	can	be	explained	by	other	
variables	with	unavailable	data	or	litt	 le	eff	ect	over	the	mod-
el’s	behavior	(such	as	infrastructure	conditi	ons	or	weather).	
This	 secti	on	will	 also	delineate	 the	 taxati	on	 scenarios	 that	
will	be	discussed	in	the	next	secti	on,	providing	support	for	
this	arti	cle’s	conclusion.

Figure 9.	Agent	Based	Model	Topology
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5.1 Model Validation

The	first	variable	used	to	validate	the	model	are	the	ag-
gregated	exports	by	 crop	and	month,	using	historical	data	
from	official	 sources	 (SECEX,	2016)	as	 the	main	source	 for	
validation.	 In	 the	 chart	1	bellow	 there	are	 the	exports	ac-
cording	to	the	model	and	the	exports	in	2015	according	to	
official	data.	Even	though	both	sets	of	data	present	the	same	
behavior,	it	is	noticeable	that	the	official	data	is	shifted	about	

two	months	to	the	right.	This	difference	can	be	explained	by	
the	fact	that	the	model	does	not	replicate	all	the	lead	times	
in	the	supply	chains.	In	addition,	it	does	not	consider	transit	
time	or	bureaucracy	delays.	

Another	way	to	check	the	model’s	consistency	would	be	
to	compare	accumulated	exports	by	crop	and	port	over	the	
year.	In	the	tables	1	and	2	we	can	compare	this	data	accord-
ing	to	the	model	and	official	sources	(SECEX,	2015).	In	this	

Figure 10. Summarized	algorithm	proposed	for	the	Agent	Based	Model

Chart 1. Aggregated	exports	over	time	by	crop
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case,	both	tables	show	a	remarkable	resemblance	because	
exports	are	similarly	distributed	across	ports	and	crops	and	
the	 small	 discrepancies	 could	 be	 explained	 by	 commodity	
prices’	fl	uctuati	ons,	while	the	model	considers	internati	on-
al	traded	prices	and	freight	costs	as	constant.	Additi	onally,	
there	 may	 be	 some	 diff	erences	 generated	 by	 poor	 infra-
structure	quality	and	the	presence	of	logisti	c	synergies,	such	
as	the	existence	of	return	cargo.	

Table 1.	Esti	mated	port’s	throughput	by	crop	and	port

Port Soy Corn Soy 
Meal Total

Itacoati	ara,	AM 1.699 1.234 0 2.934
Barcarena,	PA 2.291 832 714 3.836
Santarem,	PA 1.595 1.713 86 3.395
Sao	Luis,	MA 4.327 1.568 225 6.120
Salvador,	BA 3.767 761 927 5.456

North/Northeastern	
Ports 13.679 6.108 1.952 21.741

Vitoria,	ES 4.377 2.713 338 7.427
Santos,	SP 13.836 14.368 4.646 32.850

Paranaguá,	PR	&	S.	Fran-
cisco	do	Sul,	SC 12.868 6.871 6.395 26.134

Rio	Grande,	RS 11.268 226 800 12.294
Southern	Ports 42.349 24.178 12.179 78.705

Total 56.028 30.287 14.130 100.446

It	is	important	to	observe	that	the	tables	have	unifi	ed	Para-
naguá	and	São	Francisco	do	Sul	ports.	This	happens	because	

these	ports	are	very	close	 from	one	another	and	dependant	
from	the	same	transportati	on	infrastructure,	thus	working	as	if	
they	were	one	single	port	and	possessing	the	same	hinterland.

Table 2. Real	port’s	throughputs	by	crop	and	port	(SECEX,	2015)

Port Soy Corn Soy 
Meal Total

Itacoati	ara,	AM 1.654 1.228 464 3.345

Barcarena,	PA 2.198 578 0 2.775

Santarem,	PA 1.027 1.648 0 2.676

Sao	Luis,	MA 4.745 2.045 139 6.929

Salvador,	BA 2.605 74 1.001 3.681

North/Northeastern	Ports 12.229 5.573 1.604 19.406

Vitoria,	ES 3.624 2.357 852 6.833

Santos,	SP 13.081 13.240 4.296 30.617

Paranaguá,	PR	&	S.	Fran-
cisco	do	Sul,	SC 12.737 6.851 5.376 24.965

Rio	Grande,	RS 11.029 379 2.695 14.103

Southern	Ports 40.471 22.827 13.219 76.518

 Total 52.700 28.401 14.824 95.925

Proceeding	 to	 the	 next	 validati	on	 step,	 the	model	with	
the	reality	can	be	compared	by	observing	the	most	import-
ant	ports	by	region.	The	criteria	used	to	defi	ne	the	hinter-
lands	were	the	volume	of	exports	in	a	300	kilometers	radius.	
Both	maps	 in	 fi	gures	 11	 and	 12	 show	 similar	 hinterlands,	
again	endorsing	the	model’s	consistency.

Figure 11.	Esti	mated	Hinterlands
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For	 this	 analysis,	 again	 the	 ports	 of	 São	 Francisco	 do	
Sul	and	Paranaguá	were	considered	together	due	to	their	
proximity.	

5.2 Analysis

In	 order	 to	 evaluate	 the	 effects	 of	 IVA	 tax’s	 path	 de-
pendency	in	the	soy	supply	chain,	an	additional	scenario	
is	 going	 to	be	 considered:	 a	NOTAX	Soy	 scenario,	which	
considers	 a	 system	where	 there	 is	 no	 path	 dependency	
in	the	tax	system	for	the	soy	grains,	consequently,	taking	
out	 the	 trade-off	 between	 taxes	 and	 logistic	 costs.	 This	
additional	scenario	will	be	compared	to	the	Base	scenario	
in	terms	of:	quantity	of	soy	processed	(Chart	2),	and	con-
gestions	at	ports,	represented	by	the	aggregated	quantity	
of	 grain	waiting	 to	 be	 exported	 (Chart	 3).	 In	 those	 cas-
es,	an	increase	in	the	soy	processing	activity	is	expected,	
representing	a	growth	in	soy	processing	plants	utilization	
and	flatter	curve	in	terms	of	inventory	positions	at	ports,	
representing a decrease in the seasonal character of the 
system.

In	the	Chart	2	above,	there	is	an	increase	of	23%	in	the	
soy	processing	acti	vity,	rising	soy	plants	uti	lizati	on	from	61%	
up	to	75%	in	the	NOTAX	Soy	scenario.	Furthermore,	soy	meal	
producti	on	becomes	more	stable	as	more	soy	plants	work	
at	their	maximum	capaciti	es	for	longer	periods.	In	additi	on,	
the	increase	in	processed	soy	should	have	positi	ve	refl	exes	

in	 terms	 of	 ports	 congesti	ons	 and	 transportati	on	 demand	
because	 the	 intensifi	cati	on	of	 soy	meal	producti	on	 should	
improve	 infrastructure	 uti	lizati	on	 during	 the	 off		 season,	
while	peaks	resulti	ng	from	the	soy	harvest	season	should	be	
smoothed	by	the	additi	onal	amounts	of	soy	being	absorbed	
by	the	processing	plants.	

Analysing	the	ports	inventories	by	product	in	the	chart	
below,	 it	 is	 observable	 that	 the	 aggregated	 amount	 of	
grains	waiti	ng	to	be	exported	is	dependent	on	those	grains	
seasonality,	 having	 their	 peaks	 shortly	 aft	er	 the	 harvests	
peaks.	Nevertheless,	 there	are	slight	changes	 in	between	
scenarios	in	terms	of	inventory	volumes	because	soy	meal	
has	 a	more	 consistent	presence	over	ti	me.	 This	 situati	on	
was	already	expected	due	to	the	increase	in	soy	meal	pro-
ducti	on,	 seen	 in	 the	 last	 chart.	Moreover,	 the	 additi	onal	
processed	volumes	of	soy	should	decrease	 the	soy	peaks	
in	 terms	of	 inventories	and	 the	 increase	of	 soy	meal	vol-
ume	should	increase	ports’	inventory	positi	ons	during	the	
off	-season,	therefore	decreasing	the	seasonal	character	of	
exports.

The	 menti	oned	 situati	on	 is	 bett	er	 observed	 and	 con-
fi	rmed	by	the	Chart	3.	This	chart	directly	compares	aggre-
gated	ports	 inventories	across	scenarios,	 showing	 that	 the	
export’s	valley,	 in	February,	 is	more	acti	ve	during	the	peak	
period,	from	April	to	October,	and	it	is	smoother	in	the	NO-
TAX	Soy	 scenario.	 This	 conditi	on	 should	 lower	 the	waiti	ng	
ti	me	for	ships	to	load	their	grain;	however,	this	is	not	quan-
ti	fi	ed	by	the	model.

Figure 12. Real	Hinterlands
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Chart 2.	Comparison	of	the	Base	scenario	with	a	non-path	dependent	tax	scenario	in	terms	of	soy	processing

1 Feb 1 Mar 1 Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep 1 Oct 1 Nov 1 Dec
Date [2015]

0M

2M

4M

6M

8M

10M

12M

14M

16M

18M

20M

22M

24M

26M

28M

30M

32M

34M

Aggregated Inventory at Ports (tons)

Scenario
Base
NOTAX Soy

Chart 3.	Comparison	of	the	aggregated	inventory	positions	at	ports	in	the	evaluated	scenarios	(tons)



Brazilian Journal of Operations & Production Management
Volume 15, Número 2, 2018, pp. 193-208

DOI: 10.14488/BJOPM.2018.v15.n2.a3

207

Summarizing	 the	 results	 presented	 in	 this	 chapter,	 it	 is	
possible	to	indicate	that,	if	taxes	ceased	to	be	path	depen-
dent	 for	 soy	 grains,	 the	entire	 supply	 chain	would	benefit	
from	this	in	terms	of	efficiency	in	large	or	small	scale.	First,	
the	 soy	 processing	 plants	 would	 have	 a	 great	 increase	 in	
terms	of	utilization;	second,	ports	would	have	less	conges-
tion	due	to	the	reduced	inventories	during	the	peak	season	
and	would	be	less	idle	during	the	off	seasons.

6. CONCLUSION

Referring	 to	 the	 objective	 listed	 in	 the	 introduction	 of	
this	work,	this	article	explores	the	Agent	Based	framework,	
demonstrating	how	such	method	can	be	applied	to	the	eval-
uation	 of	 tax	 policies’	 effects	 in	 agriculture.	 Furthermore,	
this	work	 presents	 a	 structured	 and	 formal	 procedure	 for	
developing a	complex	model,	 following	the	guidelines	pro-
posed	by	some	authors	in	the	literature.	Therefore,	the	steps	
used	in	this	work	can	be	replicated	in	order	to	aid	the	devel-
opment	of	similar	model	applied	to	other	problems.

Moreover,	the	developed	model	 is	accurate	and	robust,	
providing	a	picture	of	 the	grain	supply	chains	 in	Brazil	un-
der	different	conditions	in	a	scenario	analysis.	The	multiple	
outputs	of	the	model,	in	terms	of	exports,	internal	consump-
tion,	grains’	flows	and	routes,	show	internal	consistency.	This	
situation	strengthens	the	recommendation,	which	indicates	
an	opportunity	 in	using	a	non-path	dependent	tax	system,	
which	would	increase	soy	processing	plants’	utilization	and	
decrease	transportation	infrastructure’s	congestions.	

Nevertheless,	 an	 Agent	 Based	 Model	 requires	 a	 large	
amount	 of	 resources	 in	 terms	 of	 data	 and	 specific	 knowl-
edge	on	the	system	due	to	its	bottom	up	nature.	In	addition,	
this	kind	of	model	presents	challenges	in	terms	of	software	
and	 methods	 because	 there	 is	 no	 consolidated	 standard	
tool	 or	 procedure.	 Still,	 such	models	 can	 be	 really	 helpful	
when	dealing	with	complex	systems,	presenting	many	active	
elements	with	decentralized	decisions	and	behaviors,	such	
as	supply	chains.	Therefore,	 it	 is	 important	to	develop	and	
consolidate	methods	and	best	practices	to	explore	such	op-
portunity.	
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