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Abstract

This	article	aims	to	analyze	how	fuel	prices	impact	spatial	price	transmission	between	
two	 Chilean	 horticultural	 wholesale	markets.	We	 implement	 a	 regime-dependent	 VECM	
where	price	transmission	parameters	depend	on	dynamics	imposed	by	a	stationary	exog-
enous	variable	(fuel	price).	We	identified	two	price	transmission	regimes	characterized	by	
different	equilibrium	relationships	and	short-run	adjustment	processes.	This	implies	that	
fuel	prices	affect	price	 transmission	elasticities	and	 intermarket	adjustment	 speeds.	Our	
results	 show	 increasing	marketing	 costs	 as	 farm	 to	market	 distance	 grows.	 This	 impact	
depends	on	each	product’s	attributes.	
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Resumen

Este	 artículo	 tiene	 como	objetivo	 analizar	 cómo	 los	 precios	 del	 combustible	 influyen	
en	la	transmisión	espacial	de	precios	entre	dos	mercados	mayoristas	hortícolas	en	Chile.	
Implementamos	un	modelo	de	corrección	de	errores	de	vector	dependiente	del	régimen,	
donde	 los	parámetros	de	 transmisión	de	precios	dependen	de	 la	dinámica	 impuesta	por	
una	variable	exógena	estacionaria	(precio	del	combustible).	 Identificamos	dos	regímenes	
de	transmisión	de	precios	caracterizados	por	diferentes	relaciones	de	equilibrio	y	procesos	
de	ajuste	a	corto	plazo.	Esto	 implica	que	 los	precios	del	combustible	afectan	 las	elastici-
dades	de	transmisión	de	precios	y	la	velocidad	de	los	ajustes	entre	los	mercados.	Nuestros	
resultados	muestran	un	patrón	de	aumento	de	los	costos	de	comercialización	a	medida	que	
crece	la	distancia	desde	el	origen	hasta	el	mercado.	Este	impacto	depende	de	los	atributos	
de	cada	producto.

Palabras clave
Transmisión	 de	 precios	 •	 precios	 de	 combustible	 •	 mercados	 hortícolas	 •	 países	 en	
desarrollo	•	Chile

Introduction

Price	is	the	main	mechanism	for	spatially	integrating	various	marketing	chain	levels	(5,	
13,	18).	Price	transmission	(PrT)	refers	to	the	process	based	through	which	markets	for	a	
homogeneous	commodity	at	spatially	separated	 locations	share	 long-run	 information	(6,	
12).	Price	transmission	has	been	widely	analyzed	in	the	context	of	the	“Law	of	One	Price,”	
which	 hypothesizes	 that	 if	 two	markets	 are	 linked	 by	 trade	 and	 are	 efficient,	 the	 price	
differential	between	them	is	equal	to	the	cost	of	carrying	out	trade	between	them.	Prices	
are	 consequently	 thought	 of	 as	 being	 connected	 by	 a	 stable	 long-run	 equilibrium,	 with	
attraction	forces	of	this	equilibrium	resulting	in	the	correction	of	temporal	deviations	that	
occur	due	to	supply	or	demand	shocks.	Ejrnæs	and	Persson	(2000)	identified	three	reasons	
for	intermarket	price	transmission	failure,	including	prohibitive	transaction	costs1 (TAC). 

Transport	costs	(TPC)	are	the	expenses	a	farmer	incurs	when	it	transfers	its	products	or	
other	assets	to	another	location.	They	are	the	most	relevant	TACs	in	price	formation	for	all	
traded	agricultural	products	(9).	As	recent	global	food	price	spikes’	causes	are	debated,	some	
stress	fuel	prices’	role	on	PrT	along	the	agricultural	marketing	chain	(MC)	(3).	Consumer	
produce	 demand	 is	 known	 to	 be	 price-sensitive,	 so	 fuel	 price	 surges	 could	 significantly	
affect	fresh	produce	consumption,	providing	exceptional	insight	into	their	impact	(22,	27).

Our	 method	 builds	 on	 the	 Gonzalo-	 Pitarakis	 approach	 (2006),	 incorporating	 a	
stationary	threshold	exogenous	variable.	We	use	fuel	prices	as	a	threshold	variable	(ThVar),	
allowing	PrT	elasticity	and	adjustment	speed	to	differ	across	different	trade	regimes.	This	
approach	seems	especially	apt	in	irregular	PrT	settings	where	using	seasonal	dummy	vari-
ables	to	account	for	seasonal	equilibrium	relationship	variation	might	lack	flexibility	(20).	
It	 is	also	unique	 in	explicitly	 incorporating	an	exogenous	ThVar	 in	 the	price	adjustment,	
and	allows	us	to	derive	conclusions	on	whether	fuel	price	 level	 implications	on	the	hori-
zontal	PrT	mechanism	between	 the	main	Chilean	HC	wholesale	markets	 (WM)	by	 trade,	
namely:	Santiago	and	Talca.	We	consider	the	most	planted	vegetables	in	Chile	(corn,	tomato,	
onion	and	carrot).	We	analyze	with	a	unique	continuous weekly price series for each product 
and market, and	hypothesize	 that	 the	 long-run	price	relationship	and	adjustment	process	
between	both	markets	 switches	between	different	 regimes	 (or	display	 threshold	 cointe-
gration	behavior)	depending	on	fuel	price	levels.	

Spatial market integration
Fackler	and	Goodwin	(2001)	define	market	integration	as	a	measure	of	how	well	demand	

and	supply	shocks	of	a	commodity	in	a	given	market	are	transmitted	to	other	markets.	Many	
studies	on	market	integration,	both	spatially	and	vertically,	studied	factors	that	impede	price	
signal	pass-through	bet-ween	markets	in	developing	countries,	where	poor	infrastructure,	
transport	and	communication	services	create	 large	marketing	margins	due	 to	high	costs	

1 TAC raises	the	price	
effectively	paid	by	
buyers	and	lower	

the	price	effectively	
received	by	sellers	
of	a	good,	creating	a	
“price	band”	within	

which	some	households	
find	it	unprofitable	
to	either	sell	or	buy.	

TAC	includes	per-unit	
costs	of	accessing	

markets	associated	
with	transportation	and	
imperfect	information.
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of	delivering	locally	produced	commodities	to	domestic	markets	for	internal	consumption	
or	to	the	border	for	export	(4,	16,	29).	When	16	developing	countries	are	analyzed	for	a	
mix	of	monthly	and	annual	consumer,	wholesale,	and	producer	agricultural	prices,	Conforti	
(2004)	finds	that	world-domestic	PrT	for	Latin	American	is	higher	than	for	their	African	
counterparts.	 The	work	 of	 González-Rivera	 and	Helfand	 (2001)	 reinforces	 these	 conclu-
sions.	They	analyzed	Brazilian	rice	market	integration	and	found	that	distance	and	quality	
contribute	to	forming	transfer	costs	between	major	local	markets.	

These	 studies	 examine	 various	market	 interaction	 channels:	 linkages	 among	 regions,	
infrastructure,	qualities	and	recently,	the	effect	of	agricultural	price	volatility	on	the	agricul-
tural	value	chain.	They	effectively	show	interdependence,	but	lack	insights	into	the	causes	of	
exogenous-driving	factors	in	stock	market	integration	of	specific	sectors	in	Latin	America.	
This	paper	fills	in	the	void	of	the	current	literature	by	accounting	for	exogenous	variables’	
effect	on	the	PrT	process.	This	assumption	may	not	always	be	justified	because	HC	market	
chains	are	characterized	by	a	fixed-proportion	relationship	among	farm	inputs,	wholesale	
products,	and	final	retail	products,	as	well	as	an	inelastic	short-run	supply	due	to	perish-
ability	at	the	timing	of	growing	seasons	(26).	As	a	result,	the	margin	between	wholesale	and	
farm	prices	can	be	interpreted	as	the	major	cost	of	produce	at	the	wholesale	level.	Conse-
quently,	 production	 costs,	 and	 therefore	 gross	 margins,	 avoid	 interseasonal	 disruptions	
Most	vegetables’	short	post-harvest	life	also	limits	the	ability	to	arbitrate	prices	and	obtain	
seasonal	advantages	over	other	products.	This	paper	also	analyzes	horizontal	PrT	processes	
between	relevant	HC	WM	among	the	most	planted	vegetables	in	Chile.	To	achieve	this,	we	
implement	a	regime	depen-dent	PrT	model	allowing	a	variation	of	the	price	elasticity	and	
speed	of	adjustment	according	to	the	level	of	a	stationary	exogenous	variable	(Chilean	fuel	
price).	There	is	still	no	clear	evidence	on	fuel	prices’	effect	on	the	spatial	integration	process	
between	 HC	 WM	 within	 developing	 countries.	 Since	 fresh	 produce	 undergoes	 minimal	
processing	and	packaging,	the	main	component	of	that	cost	is	likely	to	be	transport	fuel	(9).	
Therefore,	the	role	played	by	fuel	prices	offers	another	method	to	analyze	TPCs’	effect	on	
intermarket	spatial	integration	levels.

Transport costs and horticultural prices 
All	commodities	have	fuel	costs.	Other	food	production	and	marketing	sectors	may	use	

more	energy,	but	transport	remains	extremely	dependent	on	oil-based	fuels	(15).	Chile	is	a	
net	crude	oil	importer	exposed	to	foreign	markets’	volatility.	Until	2013,	the	upward	price	
evolution	after	the	US	sub-prime	crisis	and	subsequent	global	 financial	crisis	was	due	to	
various	external	events.	On	the	other	hand,	 from	the	break	in	early	2013,	specific	events	
such	as	OPEC’s	agreement	to	lower	production	quotas	and	the	rise	of	shale	oil	put	greater	
pressure	on	the	price	until	now.	However,	at	 the	aggregate	 level	Chilean	prices’	behavior	
when	compared	with	international	prices	has	remained	more	stable.	This	is	probably	due	to	
a	fuel	price	stabilization	system	intended	to	reduce	the	volatility	of	the	fuel	prices	to	which	
the	domestic	market	is	exposed2. 

Most	 of	 TAC	 among	 Chilean	 domestic	WM	 is	 likely	 to	 be	 transport	 fuel.	 Accordingly,	
interest	in	fuel	prices’	potential	HC	market	impact	spans	various	economic	research	areas.	
First,	questions	abound	as	to	why	retail	food	price	volatility	has	increased	since	the	recent	
global	oil	price	crises,	further	exacerbating	food	price	fluctuations	(14).	Second,	with	health	
advocates	recommending	increased	produce	consumption,	researchers	and	policymakers	
are	investigating	the	driving	factors	of	their	consumption,	particularly	regarding	their	price	
formation	(30).	Third,	all	commodities	have	fuel	as	a	cost.	Fourth,	the	economics	of	PrT	on	
food	systems	among	developing	countries	are	highly	sensitive	to	fuel	variations.	Therefore,	
it	 is	 necessary	 to	 analyze	 how	 fuel	 price	 spikes	 affect	 rural	 producers’	welfare	 level	 (as	
produce	costs)	(9).	

Methods

We	 implement	 a	 three-stage	 empirical	 strategy	nested	with	both	 the	 stationary	 (fuel	
prices)	and	non-stationary	(market	prices)	character	of	the	time	series.	After	determining	
the	integration	order	of	the	series,	we	assess	the	linear	cointegration	relationships	through	

2 More	information	
regarding	this	policy	

can	be	obtained	
from	http://www.

minenergia.cl/archivos_
bajar/Documentos/
Agenda_Energetica/
Agenda_de_Energia-

Documento_Completo_
Ingles.pdf
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the Johansen et al.	 (2000)	 trace	 test,	 followed	by	 applying	 the	Gonzalo-Pitarakis	 (2006)	
approach,	who	proposed	that	long-run	equilibrium	relationships	between	two	markets	may	
change	according	to	the	level	of	a	stationary	variable	imposed	exogeneously.	Here,	we	test	
the	linear	cointegration	null	against	the	threshold	cointegration	between	MR	and	7R	WM.	
In	this	approach,	the	null	hypothesis	of	linear	cointegration	is:	

yt=α0+α1*xt+ut                                                                        [1]
against	the	alternative	hypothesis	of	cointegration	with	threshold	effects:

yt =(α0	+α1*xt)+(λ0	+λ1*xt)I(qt-d >γ)+ut                                                    [2]
where:
yt =	Talca	prices,
xt =	Santiago	prices
ut and vt =	scalar	and	p-vector	valued	stationary	disturbance	terms	respectively,
qt−d with	d≥1	=	a	stationary	ThVar	lagged	by	d	periods,
I(qt−d >γ)	=	an	indicator	function	that	equals	one	if	qt−d >γ	,	and	zero	otherwise.

Gonzalo	&	Pitarakis	(2006)	propose	a	supLM	test	based	on	the	following	statistic:
LMT (γ)=	1/σ0

2 u’MX	γ	(X’γ	MXγ	)−1X’γ	Mu																																															[3]
where:
M	=	I	−	X(X’	X)−1	X’,
X	stacks	all	values	of	xt in	the	linear	model	[1],	
Xγ	stacks	the	values	of	xt corresponding	to	the	criterion	qt >	γ	in	the	non-linear	model	[2].
T	=	the	length	of	the	full	sample,
u	=	the	residual,	
σ0

2 =	the	residual	variance	of	the	linear	model	[1].

The	LM	test	statistic	LM T (γ)	is	calculated	for	all	possible	values	of	the	ThVar	qt. The 
supLM	test	statistic	is	given	by:

supLM =supγ∈Γ	LMT(λ)																																																															[4]
Critical	values	 for	 this	 test	statistic	are	 taken	 from	Andrews	(1993).	Similarly	 to	Götz	

and	 von	 Cramon-Taubadel	 (2008),	we	 estimate	 an	 unrestricted,	 regime-specific	 ECM	 by	
including	dummy	variables	defined	by	the	indicator	function	I(qt−d >γ)	corresponding	to	the	
threshold	determined	by	the	supLM	test.	This	ECM	takes	the	form:	

[5]

Data description
According	to	the	Chilean	government’s	Agricultural	Research	and	Policies	Office	(hereafter	

ODEPA)	wholesalemarkets	concentrate	79%	of	Chilean	domestic	HC	product	trade.	Among	
them, the Central de Abastecimiento Lo Valledor	 located	 in	Santiago	 (Metropolitan	region),	
hereafter	MR,	and	the	Parque Mayorista	 located	in	Talca	(7th	region),	hereafter	7R,	account	
for	61%	of	domestic	annual	traded	volume.	In	particular,	the	marketing	system	through	the	
Central de Abastecimiento Lo Valledor concentrates	 a	majority	percentage	of	 the	 country’s	
total	horticultural	marketing.	This	market	has	an	area	of	29	hectares,	with	1,500	commercial	
premises	and	yards	to	receive	2,600	truckloads	of	products.	It	is	visited	daily	by	30,000	people	
and	5,000	buyer	vehicles.	Transactions	are	characterized	by	being	direct	between	the	seller	
and	the	buyer,	most	of	whom	are	small	and	medium-sized	farmers	and	traders,	with	interme-
diaries	and	distributors	from	regional	centers	joining	this	group,	which	makes	it	possible	to	
obtain	benefits	in	determining	final	prices	for	consumers	(figure	1,	page	197).
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Given	their	relevance,	we	consider	the	weekly	wholesale	prices	(in	USD/Kg)	from	1-2011	
to	12-2015	in	MR	and	7R.	We	consider	the	four	most	planted	vegetables	in	Chile,	accounting	
for	38%	of	total	cultivated	vegetable	surface	in	Chile,	28%	of	total	domestic	trade	(in	value)	
and	18%	of	total	producer	units	(23)	(figure	2,	page	198).	For	fuel	prices	(hereafter	CHF),	
we	use	Chilean	real	prices.	The	data	was	obtained	from	ODEPA,	the	Chilean	Statistical	Office,	
the	Chilean	Institute	for	Agricultural	Development	and	the	National	Petroleum	Company	of	
Chile.	These	series	are	expressed	in	USD	(for	vegetables)	and	USD/Liter	(for	Chilean	fuel	
retail	prices).

Initially,	price	developments	show	typical	seasonal	variation	and	price	differences.	This	
behavior	of	irregular	seasonal	PrT	is	typical	for	vegetable	markets	(20).	Most	price	devel-
opments	 between	MR	and	7R	 follow	 similar	 patterns	 over	 time.	 Those	patterns	 suggest	
the	7R	market	follows	MR	market	price	developments.	This	implies	that	MR	prices	could	
partially	determine	7R	prices.	The	Gonzalo-Pitarakis	 (2006)	 approach	 can	 capture	price	
series	non-linearities	due	 to	seasonal	 reversals	 in	 trade	 flow	direction	and	non-constant	
TACs.	Practically,	TACs	and	 trade	 flow	reversals	 can	modify	arbitrage	conditions	and	 the	
nature	of	PrT	and	intermarket	integration.	Therefore,	the	observed	reversal	in	trade	flow	
due	to	seasonal	supply	source	changes	implies	a	variation	in	inter-market	transportation	
costs	(TACs’	main	component),	suggesting	the	likelihood	of	the	presence	of	threshold	effects	
in	price	dynamics	in	the	Chilean	vegetable	marketing	system.	

Source:	ODEPA	database.	/	Fuente: base	de	datos	ODEPA. 
Figure 1 A-D. Prices	of	the	WM	of	MR	and	7R	(in	USD	per	kg)	over	2009-2015.

Figura 1 A-D. Precios	de	mercado	mayorista	para	RM	7R	(en	USD	por	kg)	durante	2009-2015.
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Results

Time series properties of data
MR	and	7R	wholesale	prices	 for	corn,	 tomato,	onion	and	carrot,	 as	well	as	CHF	were	

tested	for	unit	roots.	The	fuel	price	variable	proved	to	be	stationary	at	least	with	10%	level	
of	significance	(ADF	statistics	-0.48	and	KPSS	statistics	0.34)	and	5%	level	of	significance	
(PP	statistics	-1.99).	Table	1	(page	199)	reports	the	descriptive	statistics	and	unit	root	tests	
results	for	the	price	series.

Since	MR	and	7R	prices	are	non-stationary,	cointegration techniques can be used to model 
these long-run inter-market relationships. The Johansen et al.	(2000)	trace	test	was	applied,	
suggesting	the	presence	of	cointegration	across	the	sample.	The	null	hypothesis	of	a	single	
cointegration	vector	cannot	be	rejected	when	bi-variate	price	pairs	are	considered.	Accord-
ingly,	we	conclude	that	MR	and	7R	markets	are	linked	by	one	cointegrating	vector	at	5%	
level	of	significance,	thus	determining	an	equilibrium	relationship	between	them.

Next,	we	test	fuel	prices’	role	in	horizontal	spatial	PrT	between	MR	and	7R	markets.	We	use	
the	Gonzalo-Pitarakis	(2006)	method	for	each	vegetable	price	between	MR	and	7R	markets, 
where	7R	price	=	f	(MR	price).	It	seems	plausible	that	long-run	price	relationships	between	MR	
and	7R	display	different	patterns	depending	on	CHF.	Estimated	sup	LM-test	statistic	(equation	
6)	and	the	threshold	values	(ThVal)	are	presented	in	figures	2	A-D.

Generally,	we	confirm	fuel	prices’	role	in	horizontal	PrT	between	key	Chilean	HC	WM.	All	
regime	dependent	VEC	models	appear	in	table	2	(page	199).

Figures 2 A-D. A) Corn	(MR/7R);	B)	Tomato	(MR/7R);	C)	Onion	(MR/7R);	D)	Carrot	(MR/7R).
Figuras 2 A-D. A) Maíz	(RM/7R);	B)	Tomate	(RM/7R);	C)	Cebolla	(RM/7R);	D)	Zanahoria	(RM/7R).
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Table 2. Estimates	for	regime	dependent	VEC	models	following	Gonzalo	&	Pitarakis	method	(2006).
Tabla 2. Estimaciones	para	modelos	VEC	dependientes	del	régimen	siguiendo	el	método	de	Gonzalo	y	Pitarakis	(2006).

 
 

Corn
(7R	price	=	f	(MR	

price))

Tomato
(7R	price	=	f	(MR	

price))	

Onion
(7R	price	=	f	(MR	

price))

Onion 
(MR	price	=	f	(7R	

price))

Carrot
	(7R	price	=	f	(MR	

price))	
Regime	

1
Regime	

2
Regime	

1
Regime	

2
Regime	

1
Regime	

2
Regime	

1
Regime	

2
Regime	

1
Regime	

2
Johansen	trace	test 0.052 (0 CIV) 0.061 (0 CIV) 0.011 (0 CIV) 0.022 (0 CIV) 0.049	(0	CIV)
p-value	(CIV#) 0.204	(1	CIV) 0.605 (1 CIV) 0.444	(1	CIV) 0.581 (1 CIV) 0.227	(1	CIV)

Number	of	observations 150 24 101 73 117 57 39 135 1 173
Maximum	LM	statistic 17834 17877 6858 7041 50511
Threshold	limits	(γ) 1.18 0.96 1.01 1.17 0.56
Price	Transmission	
Elasticity	(β) 0.473 0.150 0.218 0.089 0.010 0.122 -0.062 0.212 0.473 0.149

Speed	of	Adjustment	(α) -0.091 -0.737 -0.200 -0.377 -0.065 -0.029 -0.099 -0.147 -0.016 -0.376

Mean	of	price	difference 0.046 0.631 0.012 0.005  -0.202 0.075 	-0.940 0.251 0.046 0.631
(standard error) (0.132) (0.225) (0.065) (0.189) (0.170) (0.115) (0.462) (0.160)  (0.132) (0.225)

Likelihood	ratio	test	 43665 55332 38768 39556 41224 40667 43754 40001 41442 56881

(p-value) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)

Table 1. Description	of	covariates	considered	in	this	study.
Tabla 1. Descripción	de	las	covariables	consideradas	en	este	estudio.

Note:	*,	**	and	***	denote	significance	at	the	0.10,	0.05	and	0.01	levels,	respectively.	^	with	respect	to	the	total	Chilean	horticultural	planted	area.	
Nota:	*,	**	y	***	denotan	significancia	en	los	niveles	0,10,	0,05	y	0,01,	respectivamente.	^	con	respecto	al	área	hortícola	total	plantada	chilena.

Carrot 
MR
price

Carrot 
7R
Price

Corn 
MR
Price

Corn 
7R
Price

Onion 
MR
Price

Onion 
7R
Price

Tomato	
MR
Price

Tomato	
7R
Price

CHF

Share	on	total	surface^ 5% 17% 7% 9% -
Sample	size	(N) 174 174 174 174 174 174 174 174 174
Mean 1.11 1.30 0.77 0.59 0.95 0.98 0.75 0.79 0.91
Standard	Deviation 0.71 0.95 0.58 0.50 1.08 1.09 0.56 0.41 0.21
Minimum 0.19 0.23 0.06 0.10 0.11 0.14 0.19 0.14 0.54
Maximum 4.35 6.53 3.68 4.14 7.45 5.87 5.92 2.30 1.28
Skewness 1.37 2.70 2.53 4.18 3.52 2.64 4.89 1.03 0.01
Kurtosis 5.26 12.84 11.07 29.05 17.23 10.08 42.47 4.08 1.78
ADF	test
Ho=Non Stationarity Process -0.26 +0.44 -0.13 -0.17 -0.18 +0.14 -0.09 -0.06 -0.48*

KPSS	test	
Ho=Stationarity Process 0.77*** 0.75*** 0.62** 1.01*** 1.71*** 0.93*** 0.79*** 0.82*** 0.34

Phillips	Perron	test
Ho=Non Stationarity Process -5.61 -6.78 -9.34 -5.13 -9.88 -10.74 -7.63 -8.01 -1.99**
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Discussion

A	three	stage	method	was	applied	to	assess	fuel	prices’	role	in	the	wholesale	price	rela-
tionship	 bet-ween	 the	MR	 and	 7R	 HC	markets.	 The	 cointegration	 test	 showed	 a	 strong	
long-run	relationship	between	them.	PrT	analysis	coefficients	(α	and	 )	suggest	that,	apart	
from	onion,	the	price	relation-ship	is	one-way	(7R	price	only	error	corrects	while	MR	domi-
nates	price).	Also,	the	speed	of	adjustment	coefficients	are	significant	for	all	variables,	thus	
reinforcing	the	hyphotesis	of	a	causality	pattern	from	the	Santiago	market	(Central)	to	Talca	
market	(Regional).	These	findings	support	the	idea	that	regardless	of	the	quantity	produced	
in	Talca,	 the	major	effect	of	price	adjustment	 is	a	 result	of	 the	high	demand	and	market	
concentration	of	the	Central	wholesale	market	rather	than	the	favourable	productive	condi-
tions	in	Talca.	These	results	mirror	many	empirical	studies,	which	highlight	market	power’s	
role	on	PrT	among	agricultural	markets	(1,	25).	One	major	implication	is	that	asymmetric	
central	market	price	hikes	that	would	cut	marketing	margins	are	passed	to	regional	markets	
faster	than	producer	price	decreases	that	widen	marketing	margins.	The	results	emphasize	
the	presence	of	feedback	between	different	markets,	and	support	the	imperfect	PrT	between	
central	and	regional	markets.	

For	most	price	pairs,	the	Gonzalo-Pitarakis	(2006)	exogenous	threshold	driven	cointe-
gration	 confirmed	 non-linear	 results,	 displayed	 in	 two	 trade-share	 dependent	 long-run	
price	 elasticity	 relationships,	 and	 we	 asume	 that	 the	 differences	 between	 each	 regime	
mainly	depend	on	the	product	traded	and	the	fuel	prices.	Accordingly,	we	can	confirm	the	
important	 role	 played	 by	 Chilean	 fuel	 prices	 in	 horizontal	 PrT	 between	 the	MR	 and	 7R	
markets.	We	depart	 from	 the	 idea	 that	 differences	 between	 each	 regime	mainly	 depend	
on	each	product’s	attributes	and	trade	volume.	One	practical	implication	is	that	fuel	prices	
affect	wholesale	prices	through	TPC,	and	there	is	a	pattern	of	increasing	marketing	costs	as	
farm	to	market	distance	grows.	This	acceptance	follows	previous	studies	on	market	inte-
gration	within	fresh	produce	(20).	

When	each	product	is	analyzed,	we	found	that	corn	presents	its	maximum	LMγ	statistics	
with	a	(ThVal)	of	17.834.	The	first	regime	has	150	observations	and	is	active	with	CHF	<1.18	
USD/liter.	It	shows	a	price	transmission	elasticity	(β)	of	0.473	and	speed	of	adjustment	(α)	
of	-0.091.	This	regime	could	characterize	the	fall	harvest	season	when	±55%	of	corn	offered	
in	the	MR	comes	from	7R.	The	second,	 larger	regime	pools	24	observations	and	is	active	
with	CHF>1.18	USD/l.	This	regime	probably	considers	the	origin	from	other	regions	further	
south	than	7R.	When	compared	with	other	vegetables,	the	effect	of	the	ThVar	is	the	highest	
among	all	variables,	that	is,	 lower	fuel	prices	mostly	affect	the	margin	in	which	the	trade	
between	markets	is	profitable.	It	confirms	our	suspicion	that	the	reaction	on	arbitrage	for	
yearly	crops 3	(products	with	low	producer	prices)	is	more	elastic	than	cash	crops	4	(charac-
terized	by	higher	price	segmentation).	These	findings	fit	with	other	works	(11,	26).	

Tomatoes	have	a	very	stable	supply	in	Chilean	markets,	representing	70%	of	all	green-
house	production	in	Chile	and	complement	outdoor	production	whenever	it	cannot	supply	
the	market	(23).	Despite	its	high	sensitivity	to	winter	frost,	fresh	tomato	is	present	in	the	
Chilean	market	 throughout	 the	year	 (28).	The	wide	 range	of	 growing	 conditions	offered	
nationwide	allows	its	cultivation	across	most	of	the	country.	Currently,	during	the	April-Sep-
tember	period,	the	regions	supply	most	tomatoes	offered	in	MR	markets.	These	attributes	
are	expressed	 in	 the	regime	structure	observed	 in	 this	work.	The	 larger	 regime	has	101	
observations,	with	β=0.218	and	α=-0.200.	In	this	regime,	the	maximum	LMγ	statistics	corre-
spond	to	a	ThVal	of	17.877	and	is	active	with	CHF<0.96	USD/l.	

On	the	contrary,	the	second	regime	pools	73	observations,	with	CHF>0.93	USD/l,	β=0.089	
and	α=-0.377.	The	aforementioned	probably	reflects	October	prices,	representative	of	early	
spring	production,	that	show	the	greatest	variation	and	a	downward	trend.	This	is	due	to	the	
increase	in	the	area	under	greenhouses	and	the	higher	production	in	the	north	of	the	country,	
which	supplies,	in	addition	to	the	markets	of	the	Metropolitan	Region,	the	south	of	the	country.	
Thus,	tomato	trucks	arrive	directly	to	these	wholesale	markets	from	the	north	of	Chile.	

Onions	are	the	second	vegetable	in	acreage	and	production	value	in	Chile.	Since	2010,	
±10,000	Ha/year	has	been	planted,	with	±40%	for	early	and	mid-season	onions	and	60%	dedi-
cated	to	“storing”	onions	(24).	Previous	evidence	suggests	that	storing	capacity	could	restrict	
PrT	magnitude	due	to	a	smoothing	effect	of	arbitrage	on	the	price	formation	process	(1).

3	Yearly	crops:	Plant	that	
perform	their	entire	

life	cycle	from	seed	to	
flower	to	seed	within	a	
single	growing	season.

4 Cash	crops:	plant	
cultivated	to	be	sold	to	

gain	profit	from	the	sale.
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Onions	 present	 the	 second	 largest	 differences	 in	 the	 number	 of	 observations	 between	
the	larger	regime	(117	observations)	and	smaller	regime	(57	observations).	This	product	
presents	the	highest	value	of	threshold	exogenous	variable	with	a	fuel	price	of	1.08	USD.	
The	maximum	LMγ	statistics	correspond	to	a	ThVal	of	6.858.	The	first	regime	contains	117	
observations,	and	is	active	at	CHF<1.01	USD,	with	β=0.010	and	α=-0.065.	The	second	regime	
pools	57	observations,	at	CHF>1.01	USD/l,	with	β=0.122	and	α=-0.029.	The	characterization	
of	the	larger	regime	corresponds	to	market	conditions	when	stored	onions	are	supplied	to	
WM.	During	this	regime	the	price	relationship	is	unidirectional	with	the	MR	price,	not	error	
correcting,	and	thus	dominating	the	7R	price.	Consequently,	 the	 initial	price	 level	 for	the	
new	harvest	is	set	in	the	MR	and	transmitted	to	regional	markets	allowing	relatively	high	
price	differences	that	give	margin	to	profitable	arbitrage	opportunities.	Accordingly,	during	
this	period,	the	effect	of	CHF	on	wholesale	margins	and	consumer	prices	is	expected	to	be	
lower	than	other	vegetables	considered	here.	

70%	 of	 carrots	 are	 cultivated	 in	 the	 central	 region,	 which	 has	 two	 planting	 seasons	
(March-May	 and	 October-November).	 Their	 post-harvest	 life	 is	 very	 short	 (3	 weeks	 on	
average).	The	maximum	LMγstatistics	corresponds	to	a	ThVal	of	50.511.	The	larger	regime	
cointains	 173	 observations,	 and	 is	 activated	 at	 CHF>0.56	 USD/liter.	 It	 shows	 β=0.149	
and	α=0.376.	The	shorter	regime	is	active	at	CHF<0.56	USD/liter,	however	it	pools	only	1	
observation	with	β=0.473	and	α=-0.016.	Two	practical	 implications	can	be	derived	 from	
the	 important	difference	 in	observation	numbers.	First,	CHF	could	not	act	as	an	efficient	
trimming	 parameter	 in	 a	 threshold	 cointegration	model	 (independent	 of	 the	 effect	 this	
variable	has	on	PrT	parameters)	and,	 second,	 the	arbitrage	advantages	 from	seasonality	
effects	are	more	difficult	to	obtain.	With	this	 in	mind,	another	vein	for	discussion	can	be	
developed.	It	focuses	on	the	price	differences	mean,	which	is	the	mean	of	price	changes	over	
the	pairs	and	regimes.	These	statistics	equal	0.046	in	the	first	regime,	but	0.631	in	the	larger	
regime,	further	suggesting	higher	volatility	of	traded	quantities	during	harvest	season.	This	
situation	has	two	consequences:	a)	a	more	sensitive	response	of	wholesale	prices	to	CHF	
increases	(expressed	in	the	largest	mean	of	price	difference	between	both	regimes),	and	b)	
relatively	low	profitability	level	relative	to	other	species.	

Overall,	we	confirm	that	the	effect	of	fuel	price	increases	on	wholesale	prices	varies	by	
product	attributes.	For	vegetables	with	multiple	growing	sources	and	weak	seasonality,	fuel	
price	effects	are	significant	but	vary	across	geographic	markets	and	seasons.	For	vegetables	
with	clear	growing	seasons,	 fuel	price	effects	are	more	constant,	with	a	discernible	rela-
tionship	between	price	increases,	seasona-lity	and	perishability.

Our	 discussion	 to	 this	 point	 has	 focused	 on	 comparing	 PrT	 parameters	 and	 CHF	
changes	across	origins	and	markets.	We	assume	that	these	parameters	provide	a	measure	
to	compare	how	product	attributes	affect	intermarket	trade	flows.	Examining	the	seasonal	
nature	across	products	and	regions,	we	can	summarize	different	agribusiness	implications	
into	the	importance	of	CHF	in	fresh	produce	prices:

-Price	differences	across	products	help	clarify	how	much	the	impact	of	CHF	varies.	They	
suggest	that	TPC	may	help	mitigate	wholesale	price	volatility	across	products	and	possibly	
within	WM	across	time.	As	the	fuel	share	of	wholesale	prices	increases,	volatility	potential	
deriving	from	alternative	supply-side	sources	decreases.	

-Both	sensitivity	to	fuel	prices	and	the	margins	themselves	increase	with	distance.	Thus,	
an	important	portion	of	the	wholesale	margin	could	be	related	to	fuel	costs	for	transport.	

-Fuel	price	volatility	can	lead	to	substantial	geographic	variation	in	wholesale	market	
produce	prices.

-Fuel	 prices	 affect	wholesale	prices	 through	TPC	and	 there	 is	 a	 pattern	of	 increasing	
marketing	 costs	 as	 farm	 to	market	 distance	 grows.	 These	 findings	 corroborate	 previous	
work	conducted	on	fuel	and	energy	impacts	on	food	prices	(7).

Conclusions and limitations

In	 this	 paper,	 different	 methodological	 approaches	 were	 applied	 for	 an	 in-depth	
assessment	of	the	role	played	by	fuel	prices	on	the	wholesale	price	relationship	between	
two	major	Chilean	horticultural	markets.	We	consider	the	most	planted	vegetables	in	Chile.	
To	analyze,	we	use	a	unique	continuous	weekly	price	series	for	each	product	and	market.	
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The	goal	was	to	identify	the	role	played	by	CHF	in	HC	price	market	integration	by	including	
an	exogenous	ThVar.	

For	most	products,	we	found	evidence	for	CHF’s	role	in	horizontal	PrT	between	MR	and	
7R	markets.	This	situation	supports	the	idea	that	regardless	of	quantities	traded	in	regional	
markets,	 the	major	 effect	 of	 price	 adjustment	 is	 a	 result	 of	 the	 high	 demand	 and	market	
concentration	of	a	central	market.	Also,	we	confirm	that	fuel	prices	affect	wholesale	prices	
through	TPC	and	that	there	is	a	pattern	of	increasing	marketing	costs	as	the	distance	from	
origin	to	market	grows.	Another	type	of	threshold	VECM	could	be	considered	to	investigate	
short-run	dynamics	 and	 to	 allow	 for	 asymmetric	 adjustments	 in	 response	 to	 positive	 and	
negative	price	shocks,	especially	endogeneity’s	effect	of	handling	costs	on	prce	transmission	
parameters,	since	commodity	flows	between	markets	are	often	unidirectional.	Thus,	trans-
portation	infrastructure	and	handling	facilities	may	be	better	suited	for	one-way	commodity	
flows.	Thresholds	may	be	asymmetric	as	transports	cost	more	in	one	direction	than	the	other.
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