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I	|	 Executive	Summary	
	
	
	
	

The	 state	 of	 Amapá	 in	 Brazil,	 Guyana,	 Suriname	 and	 French	 Guiana	 have	 many	

environmental,	economic	and	sociocultural	similarities	that	facilitate	the	migration	of	people	

within	 the	Guiana	Shield	and	economic	 interactions	between	these	countries.	This	context	

suggests	 that	 there	may	 be	 a	 shift	 of	 deforestation,	 through	 shifting	 activities,	 from	 one	

country	to	another.	

	

The	 main	 objective	 of	 this	 study	 is	 to	 know	 if	 leakage	 effects	 of	 deforestation	 can	 exist	

between	these	countries	and	can	be	generalized.	In	other	words	we	are	looking	at	whether	

an	 increase	 (or	 decrease)	 of	 deforestation	 in	 a	 country	 always	 causes	 a	 reduction	 (or	

increase)	of	deforestation	in	other	countries.	Therefore,	the	study	focuses	on	two	different	

types	of	 regional	 interactions,	 the	effects	of	market	 leakage	and	 leakage	effects	related	to	

the	displacement	of	gold	mining	activities.	The	econometric	modeling	exercise	strengthens	

the	 hypothesis	 of	 regional	 interactions	 that	 lead	 to	 leakage	 effects	 of	 deforestation.	

Nevertheless,	the	results	show	that	these	regional	 interactions	could	not	be	homogeneous	

within	the	Guiana	Shield.	According	to	estimates	a	majority	of	the	leakage	effect	related	to	

the	 displacement	 of	 gold	 mining	 activities	 come	 from	 Amapá	 and	 most	 of	 them	 moves	

toward	French	Guiana	and	Suriname.	Moreover,	 the	estimates	also	reveal	 that	 the	Amapá	

and	Guyana	are	the	most	sensitive	 to	exogenous	shocks	of	deforestation	of	 the	Suriname,	

due	probably	to	the	market	effects.	

	

In	sum,	the	results	encourage	more	consultation	and	cooperation	within	the	Guiana	Shield.	

At	a	time	when	each	country	entered	the	REDD	+	process,	this	study	specifically	highlights	

the	 risk	 of	 implementation	of	 REDD	+	uncoordinated	 and	 at	 different	 speeds.	 Indeed,	 the	

successful	avoided	deforestation	efforts	realized	by	some	countries	could	be	annihilated	by	

theses	leakage	effects	inside	the	Guiana	Shield.	

	

It	 should	 be	 noted	 that	 results	 and	 implications	 that	 can	 be	 drawn	 are	 bounded	 by	 the	

availability,	quality	and	consistency	of	data	of	each	studied	country	of	the	Guiana	Shield	and	

the	 technical	 difficulties	 to	model	 and	 to	 generalize	 such	 complex	phenomena,	 as	 are	 the	

regional	interactions.	However,	this	study	provides	basic	elements	for	further	reflection	and	

understanding	of	regional	interactions	within	the	Guiana	Shield.	

	

	
	
	
	
	
	
	



II	|	 Background	
	
	

The	Guiana	 Shield	 is	 northeastern	 contiguous	 eco-region	 housing	 one	 of	 the	 richest	world	

spot	of	biodiversity	with	lot	of	endemic	species	(Berry	et	al.,	2007).	This	is	the	result	of	an	extensive	

forest	area	on	whole	Guiana	Shield	combined	to	least	populated	areas	of	the	world.	Indeed,	French	

Guiana,	Suriname	and	Guyana,	included	in	the	Guiana	shield,	are	ranked	in	the	top	three	of	highest	

forest	area	per	capita	(Hammond,	2005).	Beyond	the	biodiversity	 issue,	the	tropical	 forest	of	these	

countries	 and	 Brazilian	 state	 of	 Amapá	 (that	 form	 the	 whole	 REDD+	 Guiana	 Shield	 project	

intervention	 area),	 contribute	 to	 stock	 more	 than	 10%	 of	 global	 forest	 carbon	 stock	 and	 thus	

significantly	impact	in	regulating	the	global	climate	(Saatchi	et	al.,	2011).	

	

The	 High	 Forest	 covers	 (HF)	 of	 the	 Brazilian	 state	 of	 Amapá,	 the	 Guyana,	 the	 Suriname	 and	 the	

French	Guiana	(higher	than	0,85%)	are	subject	until	now	to	low	threat	as	illustrated	by	low	rates	of	

Deforestation	(LD)	(lower	than	0.1%)
1
.	Thus	according	to	Da	Fonseca	et	al.	(2007)	these	regions	can	

be	classified	in	HFLD	group.	However,	regarding	position	of	HFLD	group	in	forest	transition	curve,	the	

threats	 are	 coming	 (Mather,	 1992;	 Rudel,	 2002).	 Indeed,	 in	 recent	 decades,	 the	 Brazilian	 state	 of	

Amapá,	the	Guyana,	the	Suriname	and	the	French	Guiana	are	subject	to	an	increasing	of	underlying	

threats	resulting	from	economic	and	demographic	dynamics.	This	suggests	that	deforestation	in	the	

Guiana	shield	may	rapidly	increases	in	the	coming	years	(Williams,	2011).	

	

Furthermore,	 similar	 cultural	 groups	are	 spread	across	 all	 of	 the	Guiana	Shield.	Cultural	 and	 social	

proximity	is	still	more	pronounced	in	border	areas	which	are	limited	by	a	river	to	the	point	that	some	

families	may	be	distributed	either	side	of	the	border.	Moreover,	the	land	use	and	land	use	changes	

are	close	between	these	countries	because	of	socio-cultural	similarities	and	unique	ecosystem,	and	

mining	and	agriculture	are	the	main	direct	causes	of	deforestation	in	all	countries.	

	

However,	these	regions	are	administratively	separate	and	autonomous	territories.	Therefore	each	is	

implementing	 its	 own	 economic,	 social	 and	 environmental	 policies.	 In	 an	 environment	 where	

mobility	of	agent	 is	easy	between	regions,	 the	establishment	of	asymmetric	policies,	particularly	 in	

terms	of	land	use	(e.g	command	control	policy,	...),	can	cause	the	displacement	of	population	from	a	

country	 to	another.	Also,	higher	economic	development	growth	 in	a	 country	 (infrastructure,	 social	

security,	 etc	 ..)	 can	 also	 encourage	 people	 from	 other	 countries	 to	move	 their	 business	 and	 take	

advantage	of	more	favorable	economic	conditions	in	a	neighboring	country.	

	

	These	 effects	 may	 be	 more	 pronounced	 in	 the	 presence	 of	 political	 instability	 in	 a	 country	 (e.g.	

population	displacement	during	the	Civil	War	in	Suriname).	Beyond	the	displacement	of	populations,	

the	competition	in	the	markets	in	connection	with	land	use	(particularly	agricultural	and	mining)	can	

explain	 the	 implicit	 moving	 of	 a	 commodity	 production	 from	 one	 country	 to	 another	 activity.	

Ultimately	these	regional	interactions	can	lead	to	a	transfer	of	deforestation	between	countries.	

	

These	regional	interactions	resulting	from	leakage	effects	of	deforestation	may	compromise	overall,	

at	the	scale	of	the	Guiana	Shield,	the	efficiency	of	the	fight	against	deforestation	policies	conducted	

unilaterally.	

	

Indeed,	each	country	is	now	actively	engaged	in	the	reduction	of	deforestation	policy	(WWF,	2012),	
including	 through	REDD+	mechanism	 in	Guyana,	 Suriname	and	Brazilian	 state	of	Amapá.	 REDD+	 is	

																																																								
1	Source	:	http://www.globalforestwatch.org	
2	In	economics	«	spillover	effect	»	is	an	externality	that	affect	a	country	resulting	from	an	economic	event	of	another	
country.	
3	Note	however	that	since	1	january	2010,	Suriname	and	Guyana	benefits	from	duty-free	and	quot-free	access	to	the	



design	 under	 the	 UNFCCC	 as	 an	 incentivizing	 reductions	 emissions	 from	 deforestation	 and	 forest	

degradation,	conserving	and	enhancing	 forest	carbon	stocks	and	sustainably	managing	 forests	 that	

have	emerged	as	 international	 instrument	 for	developing	countries	and	 to	 involve	 them	 in	climate	

change	mitigation	 efforts	 (Angelsen,	 2009).	 French	 Guiana	 is	 a	 French	 territory	 and	 therefore	 not	

eligible	to	the	REDD+	mechanism	as	an	Annex	1	country.	Thought,	the	territory	is	actively	involved	in	

the	voluntary	implementation	of	activities	to	limit	its	deforestation.	

	

However,	uncoordinated	implementation	of	REDD	+	in	a	context	where	the	regional	interactions	lead	

to	 leakage	 effects	 of	 deforestation	 between	 countries,	 could	 limit	 the	 effectiveness	 of	 individual	

efforts	regarding	forest	protection	of	Guiana	Shield.	

	

Thus,	 the	analysis	of	 the	existence	or	not	of	historical	spillover	effects	of	deforestation	 is	 the	main	

rationale	 of	 this	 study.	 Of	 course,	 there	 is	 no	 means	 for	 generalized	 and	 estimated	 interactions	

within	 the	 Guiana	 Shield	 over	 long	 period	 with	 certainty.	 Since	 then,	 we	 used	 in	 this	 study	 an	

inductive	 approach	 that	 consist	 to	 test	 hypothesize	 on	 the	 studied	 effect	 and	 its	 causes	 (here	

spillover	 effect)	 using	 past	 observations.	 Therefore,	 we	 describe	 in	 first	 part,	 the	 economic	

characteristics	 and	 dynamics	 of	 deforestation	 of	 each	 studied	 country	 that	 help	 us	 identify	 the	

potential	regional	interactions	that	may	occur	between	countries	of	Guiana	Shield.	Even	if	literature	

is	increasing	on	land	related	leakage	and	distant	deforestation	drivers,	the	estimation	methods	stay	

poorly	developed	(Henders,	2014).	Therefore,	in	another	part,	we	developed	a	theoretical	model	of	

deforestation	including	regional	 interactions	and	then	propose	an	innovative	econometric	model	of	

deforestation	to	test	spillover	effects	on	the	region	over	the	2000-2010	periods.	

	

III	|	 Potential	regional	spillover	effects	
	

III.1 Rational	context	for	spillover	effect	
	
	

Spillover	 effects
2
	of	 deforestation	 are	 most	 of	 time	 explained	 by	 economics	 interactions	

(Wunder,	 2008).	 Economic,	 social	 and	 environmental	 similarities	may	 thus	 justify	 the	 existence	 of	

such	 effects.	 Therefore	 before	 to	 identify	 potential	 drivers	 of	 regional	 spillover	 of	 deforestation	

between	 the	 countries,	 we	 describe	 briefly	 forest	 change	 trend	 and	 economic	 and	 social	

characteristics	of	each.	

	

Suriname,	 as	 the	 smallest	 country	 in	 South	 America,	 is	 an	 upper	 middle-income	 country	 that	

recorded	 strong	 performing	 economy	 on	 the	 period	 2004-2014	 with	 an	 average	 growth	 of	 4.5	

percent	 that	 results	 to	more	 than	10,000	$	 income	per	capita	 in	2014	 (source:	World	bank,	2014).	

Forest	 cover	 in	 Suriname	 represents	 about	95%	of	 entire	 territory	 including	95%	of	primary	 forest	

cover.	 Average	 annual	 deforestation	 is	 close	 to	 5,000	ha	with	 an	 increasing	 trend	over	 the	 period	

2001-2013	(i.e.	0.03%	of	annual	rate	of	deforestation)	(cf.	figure	1).	Main	causes	of	deforestation	in	

Suriname	 are	 mining	 sector	 including	 gold,	 bauxite	 and	 oil	 extraction	 activity	 and	 agricultural	

expansion	located	on	coastal	area	for	permanent	agriculture	and	hinterland	for	shifting	agriculture.	

Indeed,	 the	 country	 has	 large	mineral	 reserve	 and	 an	 economy	 dominated	 by	 the	 production	 and	

export	of	gold,	bauxite	and	fuel.	The	gold	sector	 is	divided	between	Rosebel	Gold	Mine	(located	 in	

the	mineral	rich	Brokopondo	district	 in	north	eastern)	and	very	large	number	of	unregulated	small-

																																																								
2	In	economics	«	spillover	effect	»	is	an	externality	that	affect	a	country	resulting	from	an	economic	event	of	another	
country.	



scale	gold	producers.	Agricultural	sector	in	Suriname,	representing	more	than	10%	of	GDP,	is	mainly	

focused	 on	 rice,	 bananas,	 oranges,	 vegetables,	 plantains	 and	 coconuts	 while	 rice	 and	 bananas	

represent	the	majority	of	exports	value	(Latawiec,	2014).	From	the	last	15	years,	agricultural	exports	

(particularly	 rice	 and	bananas	 exports)	 had	 increased	with	 the	 global	 growth	 in	 trade.	 Suriname	 is	

commonly	 assumed	 as	 a	 country	 with	 high	 potential	 to	 increase	 agricultural	 production	 however	

constraint	 by	 relatively	 poor	 infrastructure,	 outdated	 land	 tenure	 system	 and	 restricts	 producers’	

access	to	credit.	However,	housing	development,	infrastructure	of	communication	and	hydroelectric	

are	 increasing	 with	 economic	 and	 population	 growth	 and	 represents	 an	 increasing	 drivers	 of	

deforestation	in	the	last	decade.	To	a	lesser	extent	timber	harvesting	drives	also	forest	degradation	

and	deforestation	in	the	country.	Note	however	since	1995,	the	Surinamese	government	established	

several	forestry	actions	to	monitor	and	control	logging	and	setting	aside	new	protected	areas.	Today	

more	than	12	percent	of	is	under	protected	area	status.	

	

	

Figure	1:	Deforestation	(ha)	from	2001	to	2011	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Guyana,	 as	 the	 third	 smallest	 country	 in	 South	 America,	 is	 a	 low	 income	 country	 and	 the	 third	

poorest	 in	the	Western	Hemisphere	with	only	 less	than	4,000	US	dollars	per	capita	 income	in	2014	

(source:	World	bank,	2014).	Guyana	however	records	similar	economic	growth	than	Suriname	on	the	

last	 10	 years.	 Overall,	 even	 if	 Guyana’s	 economy	 shows	 a	 development	 delay	 compared	 to	 its	

neighbor,	both	have	globally	a	comparable	economic	pattern.	Forest	cover	in	Guyana	represents	75%	

of	entire	 territory	and	characterized	by	 roughly	60	percent	of	which	 is	 classified	as	primary	 forest.	

Forest	loss	is	close	to	Suriname	trend	and	represents	annually	approximately	5,000	ha	(i.e.	0.03%	of	

annual	rate)	with	no	evidence	of	an	 increasing	trend	over	the	period	2001-2013	(cf.	 figure	1).	Four	

anthropogenic	change	drivers	that	lead	to	deforestation	are	usually	highlighted	in	Guyana.	First	one	

is	the	expansion	of	mining	activities	occurring	most	of	time	in	clusters	along	streams	or	near	water	

bodies	 and	 in	 remote	 areas	 with	 limited	 road	 infrastructure	 suggesting	 small	 to	 medium	 scale	

activity.	Indeed,	Guyana	economy	is	mainly	based	on	extractive	industry	and	largely	depends	on	the	

exports	 of	 mineral	 especially	 gold	 and	 bauxite.	 Permanent	 and	 shifting	 cultivation	 areas	 are	

increasing	 leading	 to	 large	 contribution	 forest	 change.	 Indeed,	 agricultural	 sector,	 contributing	 as	

well	 as	 GDP	 (about	 20%)	 is	 mainly	 dominated	 by	 rice	 and	 sugar	 production.	 Whereas	 sugar	

production	 is	 dominated	 by	 100%	 State-owned	 Guyana	 Sugar	 Corporation,	 small-scale	 private	
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producers	 mainly	 carry	 out	 the	 rice	 production.	 Since	 last	 10	 years,	 Guyana	 multiplies	 the	 policy	

efforts	 to	 liberalize	 and	 facilitate	 trade	 in	 order	 to	 improve	 competitiveness.	 Government	

increasingly	 support	agricultural	development	by	an	extension	of	 services	provided	 to	 farmers	and	

various	 tax	 exemptions.	 Then	 forestry	 activity	 within	 the	 State	 Forest	 Area	 is	 recognized	 most	

noticeably	by	the	appearance	of	road	and	the	degradation	caused	by	surrounding	selective	harvest	

areas.	 However	 pressure	 from	 forest	 logging	 decreased	 from	1995	 since	 the	 government	 issued	 a	

three-year	moratorium	on	new	 logging	 concessions	 and	 shortly	 thereafter,	 enacted	environmental	

legislation	 over	 the	 timber	 industry.	 As	 a	 consequence	 the	 level	 of	 harvested	 today	 is	 very	 low.	

Development	 of	 infrastructure	 as	 roads	 and	 settlements	 is	 also	 an	 increasing	 driver	 forest	 change	

with	the	increasing	of	such	projects	in	a	context	of	economic	development.	Indeed,	high	GDP	growth	

over	 the	period	2000-2014	was	 accompanied	by	high	 inflation,	which	 is	 nevertheless	 slowed	 since	

2012	due	mainly	to	an	active	monetary	policy	to	attain	price	stability.	From	an	economic	perspective,	

highest	economic	growth	is	expected	for	Guyana	until	2020.	

	
Amapá	 is	a	Brazilian	State,	an	emerging	country	with	one	of	 the	world’s	 fastest	growing	economy,	

representing	only	0.2%	of	Brazil’s	economy	and	accounts	for	nearly	4,000	$	income	per	capita.	Forest	

cover	in	Amapá	state	represents	more	than	75%	of	entire	territory.	Even	if	the	economy	of	state	of	

Amapá	 is	 largely	 dominated	 by	 the	 tertiary	 sector	 representing	 close	 to	 90%	 of	 total	 GDP	

contribution,	 Amapá	 recorded	 the	 highest	 annual	 deforested	 area	 (about	 12,500	 ha)	 and	 highest	

annual	 rate	 of	 deforestation	 (i.e.	 0.1%)	 among	 the	 studied	 countries.	 As	 Guyana	 and	 Suriname,	

Amapá	 economy	 trade	 is	 dominated	 by	 same	 extractive	 industry	 i.e.	 the	 gold	 exportations	 that	

account	 for	 half	 of	 the	 total	 exported	 product	 of	 Amapá	 and	 thus	 contribute	 to	 forest	 losses.	

Moreover,	even	if	agricultural	sector	contributes	to	only	2.3%	of	gross	domestic	product	(Viana	and	

al.,	2014)	geographical	expansion	of	this	sector	results	in	large	deforestation	area.	In	addition,	as	the	

rest	 of	 the	 Brazilian	 Amazonia,	 the	 extensive	 cattle	 ranching	 activities	 explain	 a	 significant	 part	 of	

deforestation	in	Amapá.	Agricultural	production,	dominated	by	cassava,	maize	and	rice,	and	livestock	

products	are	geared	mostly	 for	 internal	 consumption.	Note	however	 that,	 according	 to	Viana	et	al	

(2014),	 it	 exist	 an	 emerging	 agribusiness	 sector	 in	 Amapá	 that	 should	 result	 in	 an	 expansion	 of	

soybean	production	 areas	 in	 the	 following	 years.	With	 the	 economic	 development	 and	population	

growth	 several	 infrastructures	 as	 roads,	 hydroelectric	 dam,	 and	 others	 settlements	 were	

implemented	during	 the	period	and	 led	directly	and/or	 indirectly	 to	deforestation.	Note	 than	over	

the	 studied	 period,	 no	 increasing	 trend	 appears	 on	 time	 series	 of	 deforestation	 but	 rather	 high	

volatility	in	the	annual	forest	losses	(cf.	figure	1).		

	

French	Guiana	has	the	particularity	to	be	a	developed	country	department.	However	on	the	contrary	

of	 the	 French	 Mainland,	 French	 Guyana	 was	 characterized	 the	 last	 decades	 by	 a	 high	 economic	

growth	 (4%)	with	moderate	 inflation	 rate	about	2%,	 combined	 to	population	growth	 (>3%)	among	

the	 higher	 of	 the	 world	 (INSEE,	 2008).	 French	 Guyana	 is	 thus	 characterized	 by	 a	 small	 but	 high	

growing	economy	on	a	large	territory	making	it	comparable	in	the	economic	dynamics	point	of	view	

to	 its	 neighboring	 countries.	Moreover,	 similarly	 to	 the	 others	 studied	 regions,	 French	Guiana	 has	

high	forest	cover	(>90%)	that	encompass	near	of	95%	of	primary	forest.	French	Guiana	has	a	relative	

stable	annual	deforestation	(cf.	figure	1).	Except	forestry	sector	which	is	poorly	developed	in	French	

Guiana,	 same	 main	 causes	 of	 deforestation	 occurred	 in	 French	 Guiana:	 gold	 mining	 activities,	

agricultural	 expansion	 and	 infrastructural	 and	 settlement	 development.	 Gold	 mining	 is	 mostly	

located	 in	hinterland	while	most	of	agricultural	activities	are	 implemented	on	the	costal	zones	and	

along	 the	 river	 close	 to	 the	 residential	 areas.	 Agricultural	 sector	 is	 dominated	 by	 rice	 and	manioc	

production	 around	 the	 concentrated	 population	 areas.	 However,	 if	 dynamic	 is	 similar,	 economic	

pattern	 of	 French	 Guiana	 are	 quite	 different	 to	 its	 neighboring	 countries	 especially	 considering	

Guyana	 and	 Suriname.	 Indeed,	 the	 gold	 mining	 sector	 is	 suffering	 from	 difficulties	 to	 conciliate	

modernization	 and	 environmental	 protection	 as	 a	major	 preoccupation	 of	 France	 and	 the	 primary	

sector	is	decreasing	and	represents	only	4%	of	GDP.	Today	most	of	food	commodities	are	imported.	

As	a	consequence	the	trade	balance	is	largely	in	deficit	in	French	Guiana.	French	Guiana	recorded	the	



lower	 annual	 deforested	 area	 (about	 2,700	 ha)	 even	 if	 the	 annual	 rate	 of	 forest	 loss	 is	 similar	 to	

others	studied	regions	(i.e.	0.03%)	(Cf.	figure	1).	

	

Even	if	it	exists	difference	between	the	countries,	we	note	globally	homogeneity	in	terms	of	land	use	

sectors	that	may	facilitate	regional	interactions	and	finally	spillover	effects	of	deforestation.	Note	an	

economic	spillover	effect	can	be	positive	or	negative.	In	case	of	positive	spillover	effect,	a	decreasing	

(or	 increasing)	 of	 deforestation	 of	 a	 country	 should	 lead	 to	 a	 decreasing	 (or	 increasing)	 of	

deforestation	in	neighboring	country.	We	suppose	however	that	global	spillover	effect	in	the	region	

should	be	negative	considering	similar	characteristics	of	studied	countries	and	for	all	reasons	that	we	

attempt	to	explain	in	the	next	sections.	More	particularly,	in	view	of	characteristics	of	the	countries	

encountered	in	the	region,	we	identified	two	possible	causes	that	may	dump	deforestation	between	

countries.	Indeed,	as	the	land	uses	are	similar	in	the	countries	we	supposed	that	exist	a	competition	

for	 that	 resulting	 from	both,	 a	market	effect	 and	a	displacement	of	 activities.	 Thus,	we	developed	

and	illustrate	rationale	regarding	economic	regional	interactions	for	these	possible	spillover	effects	in	

the	next	section.		

	

III.2 Regional	interactions	in	the	Guiana	Shield	
	

According	 to	 most	 of	 authors,	 neighboring	 countries	 with	 similar	 economic	 and	 natural	

characteristics	may	 interact	 in	a	competitive	way	and	be	subject	 to	environmental	 spillover	effects	

(Lambin,	2011).	Each	studied	country,	being	in	growing	process	especially,	seek	for	competitiveness,	

particularly	in	extractive	industry	and	agricultural	sector,	through	scale	up	activities	that	may	results	

implicitly	 in	 a	 competition	 for	 cleared	 land	 between	 them.	 In	 this	 case,	 regional	 interactions	 are	

competitive	 meaning	 that	 what	 is	 not	 produce	 by	 one,	 should	 be	 produced	 by	 others,	 at	 least	

partially.	 As	 a	 consequence,	 substitute	 strategy	 may	 take	 place	 and	 an	 increase	 (or	 decrease)	 of	

deforestation	 in	 a	 country	 results,	 or	 it	 the	 result	 of,	 a	 decrease	 (or	 increase)	 of	 deforestation	 in	

neighboring	countries.	At	the	micro	economic	scale,	the	agents	are	also	seek	for	competitiveness	and	

may	 displace	 their	 activity	 on	 the	 territory	 with	 more	 economic	 incentives,	 which	 conduct	 to	 a	

spillover	effect	too.		This	effect	seems	particularly	true	for	small-scale	gold	mining	activities.		

	

This	 feeling	 is	 reinforced	 by	 observations	 made	 on	 dynamics	 of	 deforestation	 in	 the	 Guianas	

(including	State	of	Amapá).	Indeed,	according	to	the	deforestation	time	series	over	the	period	2000-

2010,	the	sum	of	the	annual	average	variation	of	deforestation	of	each	country	 is	20%	higher	than	

the	annual	average	variation	of	total	deforestation	on	the	whole	of	the	studied	area.	In	other	words	

the	 decreasing	 (or	 increasing)	 of	 deforestation	 in	 a	 country	may	 have	 been	partially	 compensated	

and/or	explained	by	an	increasing	(or	decreasing)	of	deforestation	in	the	others	countries.	Therefore,	

before	to	modeling	and	estimates	the	possible	spillover	effects,	we	attempt	in	this	section	to	provide	

concrete	drivers	for	these	regional	effects.		

	

III.2.1 	Economic	interactions	and	market	leakage	effect	
	

The	first	developed	effect	 is	 linked	to	market	 leakage	resulting	from	both	 international	and	

regional	competition	in	extractive	and	land	use	sectors.	This	kind	of	effect	assumes	that	a	leakage	of	

deforestation	may	result	from	a	change	of	supply	and	demand	equilibrium.	Therefore,	assuming	that	

uncoordinated	 economic	 and	 environmental	 policies	 in	 the	 Guianas	 (including	 State	 of	 Amapá)	

change	the	relative	competitiveness	of	countries,	demand	for	cleared	 land	 in	one	country	could	be	

correlated	to	the	demand	of	cleared	land	of	others	neighboring	countries.	Competition	for	land	can	

be	a	transboundary	issue	between	Guiana	Shield	countries	and	because	of	cross-country	competition	

within	 the	 Guiana	 Shield	 on	 international	 and/or	 regional	 trades,	 leakages	 “or	 indirect	 land	 use	



changes”	can	arise	(Lambin	and	Meyfroidt,	2011;	Strassburg	et	al.,	2013).	 	For	example,	at	regional	

scale	 this	 spillover	effect	can	 results	 in	waste	of	cultivated	areas	and	 thus	deforestation.	 Indeed,	a	

country	 should	 increase	 its	 cultivated	 area	 to	 respond	 to	 an	 annual	 growing	 demand	 (regional	 or	

international)	 in	 a	 land	use	 sector	 and	be	 able	 to	 satiate	 this	 demand	 the	 following	 years	without	

increase	cultivated	area.	However	if	neighboring	country	competes	in	the	same	sectors,	it	undertakes	

competitiveness	 efforts	 and	 in	 turn	 satisfies	 this	 same	 demand	 the	 next	 year	 and	 increase	 its	

cultivated	area.	

	
Competition	on	 the	 international	market	 is	generally	 reinforced	with	geographical	proximity	of	 the	

supplier	 countries	 as	 well	 as	 their	 economic	 similarities.	 Indeed	 while	 proximity	 of	 countries	

annihilates	 the	difference	 in	 the	 transportation	 cost	 to	 supply	 the	world	market,	 similar	 economic	

structures	(including	natural	resources)	limit	disparities	in	production	costs	(Auckland	et	al.,	2003).	As	

a	consequence,	Suriname,	Guyana	and	State	of	Amapá,	involved	in	the	provision	of	the	global	market	

for	agricultural	commodities	and	mineral	products,	may	be	indirectly	confronted	each	other	in	such	

trade	competition	inducing	leakage	effects.	

	

Indeed,	 Guyana	 and	 Suriname	 are	 considered	 among	 the	 largest	 supplier	 of	 rice	 among	 the	 ACP	

countries	and	they	shared	an	exportation	quota	to	the	European	Economic	Community	until	2010
3
.	

Even	if	Suriname	seems	less	competitive	than	Guyana	regarding	total	exported	volumes,	asymmetric	

trend	 in	 time	 series	 suggests,	 over	 the	 studied	 period,	 a	 possible	 direct	 competitiveness	 in	 rice	

exportation	(cf.	figure	2).	Considering	that	rice	sector	is	the	single	largest	user	of	agricultural	land	in	

Guyana	 and	 Suriname	 (Poerschke,	 2005),	 this	 competitiveness	 in	 rice	 industry	 between	 both	

countries	can	impact	their	respective	demand	for	cleared	land	and	thus	result	indirectly	in	a	spillover	

effect	 of	 deforestation.	 More	 recently,	 Suriname	 received	 increasing	 capital–rich	 country	

investments	for	oil	palm	and	sugarcane	land	development	while	Guyana	is	already	actively	involved	

in	 these	 productions	 (Latawiec,	 2014).	 Suriname	 could	 challenge	 in	 the	 next	 years	 Guyana	 by	

grabbing	a	portion	of	this	 international	demand.	Note	that	French	Guiana’s	agricultural	exports	are	

structurally	weak	due	to	lower	competitiveness	than	its	neighbors	particularly	because	higher	costs	

of	production	and	more	binding	legislation	than	the	regional	average	(French	Guiana	and	Suriname:	

better…).	 As	 consequence,	 in	 french	 Guiana	 the	 rice	 sector	 is	 losing	 momentum	 since	 middle	 of	

2000’s,	even	 if	 it	 is	 still	 the	main	source	of	exportations	whereas	 the	rice	exports	of	Suriname	and	

Guyana	 is	 instead	 increasing.	 State	 of	 Amapá	 is	 not	 involved	 in	 the	 exportations	 of	 agricultural	

commodities	 as	 agricultural	 sector	 is	 poorly	 developed	 and	 intended	 mainly	 to	 supply	 the	 local	

markets.		

	

Mineral	exports	are	another	possible	sources	of	competition	that	may	results	in	spillover	between	all	

Guianas	countries	(including	State	of	Amapá).	Indeed,	mineral	resources	as	gold,	bauxite	and	oil	are	

present	 in	 important	quantity	 in	 the	Guiana	 shield	and	 since	mineral	 industry	 represent	 important	

source	of	GDP	for	each	and	especially	from	gold.	For	all	countries	(including	State	of	Amapá)	these	

mineral	 exports	 are	 the	 main	 source	 of	 total	 exportations.	 Thus	 direct	 competition	 come	 from	

mineral	 exports	between	all	 the	Guianas	 countries	 (including	 State	of	 Amapá).	 Competition	 in	 this	

sector	 is	 not	 only	 production-driven	 considering	 scarcity	 of	 gold	 but	 comes	 from	 more	 to	 the	

attractiveness	of	foreign	direct	investment	to	conceded	extractive	activity	to	the	foreign	companies.	

Indeed	 competitiveness	 on	 the	 international	 gold	market	 is	 cost-driven	 and	 thus	 depends	 on	 the	

technological	capacity	to	limit	extraction	costs.		

	

																																																								
3	Note	however	that	since	1	january	2010,	Suriname	and	Guyana	benefits	from	duty-free	and	quot-free	access	to	the	
EU	market.		



Figure	2:	Growth	in	rice	exports	of	Guyana	and	Suriname	

	

	

	

Talking	 about	 large-scale	 gold	 mining	 activity,	 possible	 spillover	 effect	 comes	 from	 international	

trade	 policy	 put	 in	 place	 by	 government	 (requested	 royalties,	 environmental	 regulation,	 …).	 For	

example,	most	effort	are	made	since	early’s	2000	by	Guyana	as	well	as	Suriname	to	attract	Foreign	

Direct	 Investment	 (FDI)	 in	mineral	sector.	From	time	to	 time,	 respective	governments	had	reduced	

their	 royalty	 to	 motivate	 development	 of	 major	 mineral	 project	 and	 particularly	 attract	 foreign	

investment	in	gold	sector.	Competition	to	attract	FDI	can	be	generalized	at	others	land	use	sectors.	

Indeed,	Guyana,	for	example,	had	a	total	inflow	of	FDI	of	165	millions	dollars	and	an	inward	stock	of	

FDI	of	1	billions.	Among	these	amounts,	agriculture,	forestry	and	mining	are	the	top	3	sectors	of	the	

FDI	sourcing.	Suriname	and	Amapá	State	share	the	same	characteristics	in	terms	of	FDI	sourcing	that	

may	conduct	in	competition	between	them.	

	

Same	 competitive	 effect	 seems	 to	 occur	 on	 the	 Guiana	 shield	 regional	 market.	 Indeed,	 regional	
demand	 over	 the	 Guiana	 Shield	 is	 increasing	 rapidly	 with	 the	 important	 economic	 growth	 of	

countries.	 At	 the	 same	 time,	 regional	 economy	 is	 increasingly	 liberalized	 and	 transboundary	

infrastructure	 are	 planned	 and	 developed	 (IMF,	 1997;	 Gafar,	 2003;	 Pavcnik,	 2004).	 As	 Guianas	

countries	(including	Amapá)	have	climate	and	natural	conditions	similarities,	each	may	be	interested	

in	responding	to	regional	demand	for	goods	and	products.	Moreover,	no	clear	regional	comparative	

advantage	 in	 agricultural	 sector	 is	 yet	 drawn	 by	 one	 or	 another	 country.	 Therefore	 it	 exist	 a	

competition	 on	 the	 provision	 on	 some	 agricultural	 products	 between	 countries	 that	 may	 lead	 to	

short-term	 volatility	 in	 agricultural	 production	 of	 each	 country.	 As	 a	 consequence,	 as	 for	 the	

international	 market,	 regional	 interactions	 seem	 to	 exist	 on	 regional	 markets	 that	 may	 result	 in	

spillover	of	deforestation.		

For	example,	as	 for	 the	 international	market,	competition	for	rice	production	exists	at	 the	regional	

market.	 Indeed,	 rice	 is	 the	 most	 important	 crop	 in	 Suriname	 and	 represents	 thus	 the	 higher	

cultivated	 area	 of	 the	 country.	 As	 a	 consequence	 regional	 rice	 demand	 is	 mostly	 satiated	 by	

Suriname	that	is	considered	as	a	“bread	basket”	of	the	Caribbean	(Latawiec,	2014,	CIS,	2010).	But	as	
already	 underlined,	 specialization	 is	 not	 reach	 and	 neighboring	 countries	 and	 particularly	 Guyana	

challenges	thus	the	competitiveness	of	Suriname.	Therefore,	even	if	Guyana	appears	in	2012	as	the	4	

main	 export	 partners	 of	 Suriname,	 Guyana	 has	 also	 an	 important	 rice	 economy.	 Consequently,	

conjectural	competition	between	both	is	leading	to	significant	fluctuation	in	rice	production	of	each	



and	 thus	 in	 the	 growing	 of	 cultivated	 area.	 Beyond	 the	 rice	 product,	 this	 competitiveness	 can	 be	

generalized	 to	 others	 food	 products	 as	 suggest	 by	 the	 opposite	 trends	 of	 bi-lateral	 import/export	

food	products	between	Guyana	and	Suriname	(cf.	figure	3).	

 

Figure	3:	Growth	in	bilateral	exports	of	food	products	between	Guyana	and	Suriname	

 

	

Furthermore,	 if	 Guyana	 and	 Suriname	 compete	 to	 satisfy	 their	 national	market,	 competition	 is	 to	

satisfy	 others	Guiana	 Shield	 countries.	 For	 example,	 both	 Suriname	 and	Guyana	 have	 each	 partial	

preferential	 agreement	 with	 Brazil	 particularly	 to	 access	 to	 the	 agricultural	 and	 food	 market.	

Commercial	 trade	 between	 Suriname	 and	 Brazil	 (including	 State	 of	 Amapá)	 have	 been	 rapidly	

increasing	during	the	last	15	years	surging	from	near	11$	millions	in	2002	to	more	than	60$	millions	

in	2012	(Abdenhur,	2013).	In	the	same	time,	agricultural	and	food	products	represents	65	%	of	total	

Guyana’s	 export	 to	 Brazil.	 Otherwise	 competition	 seems	 to	 be	 as	well	 important	with	 Brazil	 since	

agricultural	 products	 represents	 50%	 of	 Guyana’s	 importations	 from	 Brazil.	 Note	 that	 difficulty	 to	

access	by	roads	to	the	Brazil	from	Guyana	and	Suriname	conduct	a	large	part	of	trade	to	be	exchange	

by	boat.	In	these	condition	Amapá	State	is	one	of	the	closest	path	for	economic	trade	between	Brazil	

and	 Guyana	 or	 Suriname	 suggesting	 reinforced	 competition	 between	 Amapá	 and	 other	 Guianas	

region	compared	to	the	rest	of	Brazil.	Note	that	the	ongoing	redevelopment	of	the	Santana	port	 in	

Amapá	should	intensify	these	trade	relations	in	the	following	years	(Viana,	2014).			

	

Amapá	 also	 receives	 products	 from	 French	 Guiana	 and	 promote	 greater	 trade	 relation	 for	

agricultural	and	 livestock	products	profiting	particularly	of	 the	BR-156	 roads	connection.	Note	 that	

trade	 opportunities	 should	 be	 increases	 in	 the	 next	 years	 considering	 that	 BR-156	 road	 is	 being	

paved	 and	 the	 bi-national	 bridge	 completed	 (Viana	 et	 al.	 2014).	 Even	 if	 French	 Guiana	 has	
particularity	to	be	a	Department	of	developed	country	compared	to	the	others,	it	participates	in	the	

regional	market	essentially	on	 the	demand-side	 for	agricultural	products.	However	 importations	 to	

French	 Guiana	 from	 its	 neighboring	 countries	 stay	 limited	 and	 hindered	 by	 a	 harder	 regulation	

dependent	 of	 French	 and	 European	 legislations	 with	 respect	 to	 imported	 products	 (Boudoux	

d’hautefeuille,	2010).	Thus,	in	order	to	satisfy	its	domestic	demand	French	government	put	in	place	

different	measures	to	incentive	local	production	development.	For	example,	agricultural	subsidies	in	

French	 Guiana	 increased	 from	 2.5	 euros	 millions	 in	 2002	 to	 more	 than	 10	 millions	 in	 2010	



contributing	to	the	development	of	domestic	agricultural	products	reducing	agricultural	importation
4
	

and	 dependency	 probably	 at	 the	 expense	 of	 neighboring	 products.	 Governmental	 authorizations	

given	 to	 migrants	 to	 develop	 agricultural	 activity	 is	 another	 significant	 measure	 promoting	 local	

production	 and	 limiting	 this	 French	 Guiana	 dependency	 to	 its	 neighbors.	 For	 example,	 lots	 of	

Surinamese	 has	 migrated	 in	 the	 North-West	 of	 French	 Guiana	 to	 implement	 slash	 agriculture	

practices	since	French	administrative	authority	grant	an	 implied	right.	Note	that	this	migration	was	

particularly	 severe	during	 the	Surinamese	civil	war	 (1986-1992)	and	 since	 lot	of	 Surinamese	 family	

have	 remained	on	 the	west	 of	 French	Guiana	 territory.	 Thus	 beyond	 food	 self-sufficiency	 function	

agricultural	activities	practices	in	French	Guiana,	even	informal,	was	a	way	of	integration	for	migrant	

looking	for	better	life	condition	and	give	them	an	anchor	into	the	domestic	market	(Demaze,	2008.).	

In	this	context,	more	than	market	leakage	effect	of	deforestation,	it	is	an	activity	leakage	effect	that	

may	 take	place	especially	as	 regional	migration	 is	 important	and	as	 the	policies	are	uncoordinated	

(mainly	in	agricultural	sector).	

	

In	 a	 genera	 perspective,	while	 commercial	 flows	 do	 exist	 and	 are	 rapidly	 increasing	 in	 the	Guiana	

Shield,	they	are	still	hampered	by	the	lack	of	transport	infrastructure,	the	non-harmonized	regulation	

and	the	different	legislation	(Bourdoux	d’hautefeuille,	2010).	However	according	to	the	literature,	a	

significant	part	of	exchanges	between	Guiana	Shield	countries	are	conducted	by	informal	economy,	

especially	 in	 the	 primary	 sector	 that	 may	 hide	 other	 potential	 spillover	 effects	 not	 cought	 when	

analysing	 formal	 exchanges.	 For	 example,	 Surinamese	 Office	 of	 Statistics	 estimates	 informal	

economy	 to	 be	 14%	 of	 GDP,	 while	 a	 very	 significant	 part	 comes	 from	 agricultural	 and	 extractive	

resources.	 Here	 transboundary	 exchanges	 exist	 and	 are	 volatile	 with	 regularly	 changing	 direction	

flow	 resulting	 mainly	 of	 the	 reciprocal	 value	 of	 currencies	 because	 of	 an	 environment	 of	 the	

controlled	inflation	in	informal	economy.	These	informal	exchanges	are	both	present	in	the	trade	of	

agricultural	commodities	than	 in	the	exchange	of	gold.	Over	all	Guianas	(including	State	of	Amapá)	

the	gold	is	increasingly	smuggled.	Thus	one	part	of	production	of	small-scale	gold	mining	in	a	country	

is	sold	in	other	neighboring	country	of	Guyana	Shield	offering	more	benefits	for	resale.	These	market	

leakage	effects	should	be	all	 the	more	 important	that	 land	use	sectorial	policies	are	uncoordinated	

among	Guianas	countries	(e.g.	different	taxes,	subsidies,	etc.).	

	

III.2.2 	Activity	shifting	leakage	and	Small-Scale	Gold	Mining	
	

Beyond	 the	 possible	 market	 leakage	 effects	 due	 to	 international	 and	 regional	 market	

competition,	 informal	 gold	 mining	 activities	 seem	 to	 represent	 another	 major	 leakage	 of	

deforestation	 taking	 the	 form	this	 time	of	activity	 shifting
5
.	 Indeed,	according	 to	 the	 literature	and	

the	 regional	experts,	 the	 small-scale	gold	mining	 (SSGM)	activity	 is	a	 transboundary	 issue	over	 the	

Guiana	Shield.	Indeed,	due	to	the	simplicity	of	operations	and	absence	of	meaningful	investment,	the	

activity	 can	 easily	 be	 started,	 stopped	 and	 moved	 (Roopnarine,	 2006).	 Thus	 SSGM	 can	 be	

implemented	 rapidly	 throughout	 the	 Guiana	 shield	 especially	 by	 migrant	 miners	 that	 encounter	

difficulties	to	implement	their	activities	in	their	country	of	origin.	

	

Indeed,	 the	 displacement	 of	 SSGM	 activities	 by	 migrants	 over	 the	 Guiana	 shield	 is	 an	 important	

phenomenon	that	started	since	than	Brazilian	government	has	implemented	stricter	monitoring	and	

regulation	on	SSGM	in	1970s.	Since	then	lot	of	Garimpeiros	(i.e.	Brazilian	miners)	are	expelled	from	

natural	reserve	areas	and	indigenous	territories	in	Amapá.	As	a	consequence,	Garimpeiros	started	to	

displace	their	activity	beyond	border	on	the	whole	of	Guiana	Shield	 (Weigand,	2009).	The	Brazilian	
migrants	represent	now	about	three-quarter	of	small-scale	gold	miners	in	Suriname	and	large	part	of	

																																																								
4	Importationsof	agricultural	products	have	been	reduced	from	near	to	10	millions	euros	in	1993	to	7.5	millions	euros	
in	2005	(source	:	http://www.insee.fr/fr/regions/guyane/	)	
5	According	to	the	definition	of	Wunder,	«	activity	shifting	»	is	a	phisycal	displacement	of	activity	(Wunder,	2005)		



the	 10,000	 illegal	 gold	 miners	 in	 French	 Guiana	 (Heemskerk,	 2011).	 In	 addition	 this	 shifting	 of	
Brazilian	miners	was	accompanied	to	smaller	number	of	Brazilian	small-farmers	working	temporarily	

in	the	mines.	 In	 lower	proportion,	Garimpeiros	are	also	present	 in	Guyana	as	well	as	the	Guyanese	

are	present	in	informal	gold	mining	of	Surinam	and	French	Guiana.	Guyana	also	receives	informally	

Surinamese	gold	miners.	

	

In	this	context,	we	assume	that	may	exist	a	displacement	of	deforestation	across	the	region	due	to	

the	 displacement	 of	 SSGM	 activities	 by	 migrants.	 In	 other	 words	 some	 migrants	 may	 shift	 their	

activity	from	their	countries	of	origins	to	another	country.	If	the	behavior	of	the	formal	sector	from	

gold	mining	 companies	 is	 essentially	 demand-led,	 this	 informal	 SSGM	 activity	 tends	 to	 be	 supply-

driven	 (MacMillan,	 1995).	 As	 a	 consequence,	while	 the	 implementation	 of	 large-scale	 gold	mining	

activity	 mainly	 depends	 on	 the	 international	 price	 of	 gold	 and	 national	 arrangements	 with	 host	

country	(tax,	royalties,	etc.),	the	decision	to	implement	the	small-scale	activities	takes	into	account	in	

addition	the	local	economic	conditions.		

	

Assuming	 that	 migrant	 miners	 seek	 to	 optimize	 their	 revenue	 from	 the	 gold	 selling	 on	 informal	

domestic	 market	 mainly	 two	 factors	 may	 encourage	 gold	 miners	 to	 displace	 their	 activity:	 the	

geographical	proximity	of	welcomed	land	and	the	domestic	gold	price.	The	last	is	directly	related	to	

the	international	gold	price	and	to	the	national	real	effective	change	rate.	If	the	international	price	of	

gold	 is	 common	 over	 the	 Guiana	 shield	 and	 should	 homogeneously	 stimulate	 the	 national	 gold	

productions,	the	real	effective	change	rate	should	play	as	an	 important	factor	 in	the	 localization	of	

activity.	The	real	effective	change	rate	is	the	weighted	average	of	a	country’s	currency	relative	to	an	

index	 of	 other	 currencies	 of	 major	 trade	 partners	 adjusted	 for	 the	 effect	 of	 inflation.	 Thus	

theoretically	 this	allows	estimating	 if	 it	 is	more	profitable	to	produce	and	sell	 the	gold	 in	a	specific	

country	 and	 consequently	 the	 opportunity	 to	 shift	 SSGM	 activities	 from	 a	 country	 to	 another.	

According	to	Heemskerk	(2001)	this	arbitration	seems	very	important	in	SSMG	sector	assuming	that	

the	 monetary	 devaluation	 and	 rising	 consumer	 prices	 may	 have	 been	 more	 important	 than	 for	

example	 the	 absolute	 lack	 of	 jobs	 in	 making	 the	 decisions	 about	 participation	 in	 gold	 mining.	 Of	

course	 national	 restrictions	 on	 land	 use	 accompanied	 by	 repressive	 policies	 may	 encouraged	

population	to	displace	their	activity	outside	the	boundary	and	thus	reinforced	effect	due	to	economic	

incentives.	

	

Finally,	 all	 previously	 described	 transmission	 channels	 for	 regional	 spillover	 effect	 of	 deforestation	

are	 assumptions	made	 regarding	 regional	 context.	 No	 scientific	way	 exists	 to	 estimate	 precisely	 if	

these	effects	occurred	as	they	are	described	here.	However	statistical	tests	can	be	conduct	and	can	

allow	to	reject	these	assumptions	or	not.	Thus	a	robust	scientific	approach	is	developed	and	used	in	

the	next	part	in	order	to	test	in	a	general	way	these	effects.	

	

IV	|	 Theoretical	and	empirical	model	
	

The	main	question	of	this	study	is	to	know	whether	or	not	regional	 interactions	are	existed	

between	Guiana	Shield	countries	when	talking	about	deforestation,	i.e.	whether	or	not	deforestation	

fluctuation	in	a	country	can	be	explained	by	deforestation	fluctuation	in	other	countries.	Thus	after	

developed	and	illustrated	in	the	previous	part,	the	presupposed	causes	for	regional	spillover	effects,	

this	part	introduces	the	scientific	approach	used	to	test	regional	spillover	effect	of	deforestation.	For	

that	we	develop	firstly	theoretical	model	of	deforestation	inside	the	Guiana	Shield	and	add	the	two	

spillover	 effects	 as	 previously	 defined.	 Then,	 the	 theoretical	model	 is	 empirically	 tested	 (i.e.	 using	

past	observations)	 in	order	 to	 reject	or	not	 the	existence	of	 these	spillover	effects	 into	 the	Guiana	

Shield.		



IV.1 	Theoretical	model	of	deforestation	and	leakage	effects	

	

IV.1.1 Model	of	deforestation	
	

Before	 conducting	 the	 empirical	 analysis,	 a	 theoretical	 model	 was	 initially	 developed	 as	 a	

demand	function	for	cleared	land.	As	usual	in	economic,	the	demand	functions	are	most	of	time	non	

linear.	Thus	the	demand	function	for	cleared	land	in	the	Guianas	is	formalized	as	follows:	

	

D = !!!
!

 

	

Where	D	is	the	demand	for	cleared	land,	K	the	underlying	causes	and	β	their	elasticity.	According	to	

the	described	economic	contexts	in	the	previous	part	and	to	the	most	of	the	literature	on	drivers	of	

tropical	deforestation,	we	identified	four	mains	underlying	causes	of	deforestation	(Kaimowitz	et	al.,	

1998)	that	may	impact	commonly	the	four	regions.		

	

Firstly	 and	 according	 to	 Rudel	 (1989)	 and	 Rudel	 et	 al.	 (1996,	 1997)	 large	 compact	 forest	 are	 less	

accessible	 and	more	 difficult	 to	 clear	 compared	 to	 areas	 characterized	 by	 high	 fragmented	 forest	

landscape.	 Indeed	clearing	 large	scale	of	 compact	 forest	need	 large	 investment	 in	capital-intensive	

technique	that	are	only	within	the	reach	of	large	economies	countries.	Considering	HFLD	countries	of	

Guiana	 Shield	 that	 are	 starting	 their	 forest	 transition	 and	 are	 subject	 to	 low	 income	 (except	 for	

French	Guiana),	we	assume	that	deforestation	is	slowed	by	low	accessibility	on	large	compact	forest	

area.	 Deforestation	 is	 expected	 to	 accelerate	 in	 the	 following	 years	 with	 the	 decline	 of	 forest	

landscape.	

	

Secondly	 and	 according	 to	 the	 literacy	 on	 modeling	 tropical	 deforestation,	 the	 economic	

development	is	assumed	to	have	an	ambiguous	indirect	effect	on	deforestation.	On	one	hand,	at	the	

first	stage	of	development,	more	national	income	may	result	in	more	infrastructural	investments,	as	

roads	and	settlements,	which	result	to	an	increase	of	deforestation.	Further,	more	national	income,	

particularly	 for	 developing	 countries,	 conduct	 generally	 to	 more	 demand	 for	 agricultural	

commodities	and	as	a	consequence	to	an	increasing	demand	for	land	as	needed	for	the	agricultural	

expansion.	On	the	other	hand,	national	 income	 increasing	results	step	by	step	to	a	spillover	of	 the	

economy	from	intensive	land	sector	as	agricultural	to	other	capital-intensive	sector	as	manufacturing	

industry	 and	 service.	 Consequently	 growth	 of	 national	 income	 is	 not	 supply	 by	 an	 increasing	 of	

agricultural	production	that	stabilizes	and	reduces	the	demand	for	land.	Deforestation	is	decreasing	

with	 growth	 of	 national	 income.	 Further,	 some	 authors	 have	 advanced	 that	 environmental	

consideration	are	 increasing	with	 the	national	 income	and	 thus	decreasing	pressure	on	 forest.	 For	

example,	 French	Guyana,	 as	 department	 of	 high-income	 country,	 is	 submitted	 to	 an	 increasing	 of	

law,	regulation	and	control	about	environmental	 issue	from	national	government,	what	constraints	

to	more	attention	and	certainly	less	deforestation	than	its	neighboring	countries.	Finally,	we	assume	

generally	 that	 economic	 development	 increases	 technological	 investment	 in	 agricultural	 sector.	

Considering	Borlaug	hypothesis,	 if	 agricultural	 production	demand	 is	 fixed,	 a	 higher	 average	 yields	

allows	by	technological	investment	reduces	agricultural	areas	and	thus	limit	deforestation.		

	

Thirdly	and	according	to	the	land	use/cover	change	literature,	population	dynamics	is	considered	as	

the	 one	 of	 major	 force	 driving	 global	 deforestation	 (Houghton,	 1991;	 Myers	 1991).	 At	 macro-

economic	scale	population	 increase	also	causes	direct	deforestation	by	 increasing	 land	demand	for	

human	implementation	(as	settlement)	than	indirect	effect	by	increasing	demand	on	local	economic	

sector	 in	 competition	 with	 forest	 (e.g.	 increasing	 demand	 for	 forest	 products	 and	 agricultural	



commodities	as	well	as	demand	for	energy	mainly	satisfied	by	hydroelectric	dam	implementation	in	

the	region)	(Carr,	et	al.	2005).	

	

Fourth,	as	described	in	the	previous	section	each	country	has	an	agricultural	sector	that	may	have	a	

direct	negative	effect	on	forest	cover,	even	if	growing	dynamics	seems	moderate	or	even	decreasing,	

Indeed	forest	area	is	directly	competing	with	agricultural	expansion.	As	a	consequence	agriculture	is	

commonly	 considered,	 as	 the	 main	 drivers	 of	 deforestation	 in	 developing	 countries.	 This	 is	

particularly	true	in	low-income	tropical	countries	where	farmers	practice	extensive	farming	methods,	

while	 rapid	 loss	 of	 fertility	 force	 farmers	 to	move	 on	 and	 clear	 forestland	 (i.e.	 shifting	 cultivation)	

(Angelsen	 et	 al.	 1999).	 Thus	 even	 in	 a	 case	 of	 stabilized	 demand	 for	 agricultural	 commodities,	

deforestation	 is	needed	to	maintain	agricultural	production.	Summarizing	 forest	can	be	considered	

as	 an	 input	 in	 agricultural	 production	 (Benhin,	 2006)	 and	 consequently	 agricultural	 production	 is	

usually	 a	 good	 index	 for	 measuring	 pressure	 of	 agriculture	 on	 forest	 in	 developing	 countries.	

However,	 it	could	be	note	that	when	agricultural	production	is	marginally	 increased,	this	can	result	

from	an	increasing	agricultural	productivity	without	necessarily	increasing	deforestation.		

	

Fifth,	the	Guiana	Shield	has	figured	prominently	in	the	global	production	of	several	precious	metals	

including	gold	 that	 is	mainly	explains	by	 large	greenstone	 formation	and	contributed	 to	 forest	 loss	

(Mainardi,	1996).	Driven	by	the	boom	of	gold	price	and	liberalization	of	gold	trade	since	1970’s	(i.e.	

post-Bretton-Woods),	gold	mining	activities	in	the	Guiana	Shield	expanded	rapidly	(Hammond,	2007).	

Since	gold	mining	activities	are	become	an	 important	source	of	 the	national	 income	and	especially	

for	 whole	 the	 Guiana	 Shield	 region	 it	 is	 assumed	 that	 deforestation	 from	 gold	 mining	 activities	

represents	 the	 fastest	growing	driver	of	deforestation	 in	 the	Guianas	 (WWF,	2012).	Gold	mining	 in	

the	 region	 ranges	 at	 different	 operational	 scales	 with	 a	 tendency	 towards	 larger	 operating	 for	

exports	purpose	(Rahm	et	al.,	2015).	Indeed,	small	number	of	larger	operations	is	undertaken	but	is	

rapidly	 growing	 with	 the	 increase	 of	 production	 investment	 capacities,	 that	 started	 from	market-

capitalized	and	 the	opening	of	operations	 to	 the	 international	mining	 company.	However	artisanal	

operations	 still	 the	most	predominant	operating	 scale	 in	 the	Guiana	 shield	and	 is	 characterized	by	

labor-intensive	 process	 extracting	 relatively	 small	 volumes.	 Whereas	 large-scale	 activities	 are	

growing	with	the	increasing	mid-long	trend	of	international	gold	price,	small	scale	artisanal	activities	

remains	very	present	and	seems	to	be	more	sensitive	to	the	volatility	of	“domestic	gold	price”	that	

depend	in	addition	to	the	country's	economic	situation	(Heemskerk,	2001).	

	

Finally,	 as	 extractive	 industry	 and	 agricultural	 sector	 dominate	 globally	 the	 exports	 of	 Guianas	

countries	 (including	 state	of	Amapá),	 the	 terms	of	 trade	 (that	 can	be	measured	by	exchange	 rate)	

may	appear	as	an	underlying	cause	of	deforestation	 in	 the	 region.	 Indeed,	assuming	 that	high	 real	

exchange	rate	promotes	competitiveness,	most	of	the	author	advanced	that	it	make	more	profitable	

to	 convert	 forest	 to	 others	 uses	 (Capistrano,	 1990;	 Gullison	 and	 Lossos,	 1993;	 Kant	 and	 Redantz,	

1997,	Kaimowitz	and	Angelsen,	1998).	

	

These	underlying	causes	of	deforestation	may	 impact	commonly	the	studied	regions	and	therefore	

are	important	to	take	into	account	in	the	model	to	avoid	that	the	estimated	regionals	interactions	be	

mechanically	 distorted	 in	 favor	 of	 a	 positive	 spillover	 (i.e.	 an	 increasing	 (or	 decreasing)	 of	

deforestation	 in	 a	 country	 conduct	 to	 an	 increasing	 (or	 decreasing)	 of	 deforestation	 in	 the	

neighboring	countries).		

	

	

	

	



IV.1.2 Modeling	regional	interactions	
	

	

Thereafter,	the	two	presupposed	regional	effects	were	 introduced	in	this	demand	function.	

The	 first	 is	 the	 general	 spillover	 effect	 of	 deforestation.	Here	 is	 assumed	 that	 demand	 for	 cleared	

land	 of	 a	 country	 (i)	 depends	 on	 the	 demand	 for	 cleared	 land	 of	 its	 neighboring	 countries	 (j)	 and	

inversely.	 In	other	word	we	assume	that	exist	spillover	effect	of	deforestation	across	Guiana	Shield	

that	 presumably	 comes	 from	 competition	 for	 international	 and	 regional	 trade	 between	 countries.	

The	second	expected	effect	is	that	demand	for	cleared	land	due	to	small-scale	gold	mining	activities	

of	 country	 (i)	 is	 explained	 by	 the	 relative	 competitiveness	 of	 domestic	 gold	 price	 between	

neighboring	 countries.	 To	 illustrate,	 migration	 from	 a	 country	 (i)	 to	 a	 country	 (j)	 should	 be	

encouraged	 for	 relative	depreciation	of	 the	 local	 currency	of	 country	 (j).	 This	 can	be	 the	 case	of	 a	

relative	 increase	 of	 the	 money	 supply	 and/or	 higher	 relative	 inflation	 rate	 of	 the	 country	 (j)	

compared	to	the	country	(i).	In	this	case,	miners	of	country	(i)	should	produce	and	sell	gold	in	country	

(j)	to	optimize	his	economic	revenue.	This	rational	behavior	could	be	more	important	as	far	as	Lowe	

et	 al.	 (2005,	 Situation	 analysis	 report:	 small	 scale	 gold	mining	 in	Guyana)	 explains	 that	 “miners	 in	

Guyana	have	solid	basic	education	or	a	trade	skill”	and	that	“most	participants	in	mining	exercises	a	

choice	based	on	their	assessment	of	comparative	economic	advantage“.	In	other	word	if	country	(i)	

has	higher	domestic	gold	price	compared	to	its	neighbors	it	should	be	attract	more	gold	miners	from	

neighboring	countries.	Formally	the	deforestation	(as	cleared	land	demand)	for	country	(i)	become:	

	

!! = !!!!!!!!!!
!

 

	

Where	Dj	and	Gj	are	respectively	the	demand	for	cleared	land	and	domestic	gold	price	of	neighbor	j.	

To	generalize	beyond	two	countries	we	characterize	these	leakage	effects	by	defining	two	weighted	

spatial	matrix	 to	account	 for	pure	spillover	of	deforestation	on	one	hand	and	 leakages	 from	SSGM	

activities	on	the	other	hand.	

	

The	first	is	the	weight	matrix	supposed	to	take	into	account	potential	spillover	of	deforestation	due	

to	 market	 leakages.	 According	 to	 the	 section	 IV.1,	 we	 assume	 that	 this	 spillover	 effect	 and	 the	

intensity	 of	 cross-country	 interaction	 may	 be	 different	 following	 the	 economic	 similarities	 or	

dissimilarities	between	 countries	 (Hammadou,	2014).	 Therefore	we	assume	 that	 inside	 the	Guiana	

Shield	the	regional	interactions	should	be	more	intense	between	economically	proximate	countries.	

To	 approximate	 this	 economic	 proximity	 and	 thus	 the	 degree	 of	 interdependence	 between	 two	

countries	 we	 used	 economic	 size	 difference	 between	 countries.	 Therefore,	 to	 capture	 regional	

interactions	we	define	 a	weighting	matrix	 such	 that	 higher	weights	 are	 assigned	 to	 countries	with	

more	similar	economic	characteristics	(that	is	expressed	by	GDP	per	capita
6
),	as	follows:		
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1
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6	We	had	 tested	others	spatial	weight	matrix	especially	by	combining	GDP	gap	matrix	with	geographical	proximity	
and	 contiguity	 cross	 border	matrix.	 All	 results	 obtain	with	 these	 others	 spatially	weight	matrix	 are	 summarize	 in	
figure	6.	



	

The	second	weight	matrix	was	developed	to	take	into	account	the	potential	leakage	of	deforestation	

due	to	shift	of	SSGM	activities.	While	market	 leakage	effects	between	countries	should	depend	on	

economic	 similarities	 between	 countries,	 the	 activity	 shifting	 effect	 of	 gold	mining	 activity	 should	

respond	 to	 geographical	 criteria	 (as	 explained	 in	 section	 IV.2)	 and	 should	 be	 different	 following	

geographical	proximity	of	two	countries	(d)7	and	the	length	of	the	common	border	(l).	Therefore	we	
assume	that,	inside	the	Guiana	Shield,	regional	interactions	should	be	more	intense	if	countries	are	

close	 and	 should	 increased	 with	 length	 of	 the	 common	 border.	 Therefore	 we	 define	 the	 weight	

matrix	for	taking	into	account	spatial	effect	due	to	the	displacement	of	gold	mining	activity	(WG)	as	a	

combined	distance-boundary	weights	as	follows:	
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Finally	we	obtain	the	following	theoretical	deforestation	model	(as	a	demand	function	for	cleared	

land)	accounting	for	the	two	regional	interactions:	

	

!! = !!!!!!!! !!!!! !

!
 

	

	

IV.2 Empirical	Estimations	

	

After	developed	in	the	previous	section	the	theoretical	model	of	regional	spillover	effect,	this	

section	 describe	 data	 and	 empirical	 strategy	 used	 to	 test	 this	 model	 and	 assumptions	 made	

regarding	the	two	presupposed	spillover	effects.		

	

IV.2.1 Data	and	variables	
	

The	 explained	 variable	 of	 the	 model	 is	 the	 deforestation.	 Data	 of	 deforestation	 were	

extracted	annually	over	the	period	2000-2011	from	spatial	Hansen	data.	This	allows	estimating	the	

model	 using	 same	 source	 of	 data	 for	 all	 regions	 and	 thus	 avoiding	 the	 estimation	 bias	 due	 to	

heterogeneity	in	data	sources.	Indeed,	the	Hansen	data	have	advantage	to	be	treated	following	the	

same	interpretation	method	on	the	whole	world	regions	making	data	comparable	from	one	region	to	

another.		In	the	same	spirit	and	considering	that	the	studied	countries	have	not	the	same	forest	and	

deforestation	 definitions,	 we	 have	 to	 fix	 common	 definitions	 to	 estimate	 a	 generalized	 model	 of	

deforestation	over	the	Guiana	Shield.	Finally	considering	that	Hansen	data	can	suffer	from	bias	due	

to	 seasonality	 effects	 or	 lack	 of	 high	 resolution	 data	 completed	 by	 low-resolution	 remote	 sensing	

data,	 we	 used	 forest	 and	 deforestation	 definitions	 sufficiently	 restrictive	 to	 relate	 only	 true	

disturbances	of	 forest	cover	without	artifact.	Thus	only	patches	of	deforestation	 larger	than	0.5	ha	

																																																								
7	Distance	between	two	countries	is	approximated	by	the	distance	between	their	respective	capital	city.		



that	occurs	on	 forest	area	encompassing	more	 than	30%	of	 tree	cover	on	continuous	areas	higher	

than	 1	 hectare,	were	 taken	 into	 account.	 Forest	 area	 included	 in	 the	model	 to	 account	 for	 forest	

accessibility,	are	extracted	from	the	same	source	using	the	same	method	(Hansen,	2013).	

	

The	variable	of	agricultural	price	 is	compiled	annually	as	the	agricultural	producer	price	 index	from	

FAOstat	for	Suriname,	Guyana,	Amapá	(as	a	state	of	Brazil)	and	French	Guiana	(as	a	department	of	

France)	 (source:	 FAOstat,	 2015
8
).	 The	 variable	 of	 population	 is	 the	 total	 population	 data	 of	 each	

region	 that	 comes	 from	FAOstat	 for	Guyana,	 Suriname	and	French	Guiana	 (source:	 FAOstat,	 2015)	

and	from	IPEA	for	the	State	of	Amapá	(IPEA,	2015
9
).	The	variable	of	Gross	Domestic	Product	comes	

from	World	Bank	database	for	Suriname	and	Guyana	(World	DataBank,	2015
10
)	and	from	INSEE	and	

IPEA	 for	 French	Guiana	 and	 State	 of	 Amapá	 respectively	 (sources:	 INSEE,	 2015
11
;	 IPEA,	 2015).	 The	

exchange	 rates	 used	 as	measure	 of	 international	 competitiveness	 are	 compiled	 from	World	 Bank	

database	(source:	World	DataBank,	2015).	

According	 to	 the	 literature,	 the	 domestic	 gold	 price	 variable	 is	 estimated	 by	 two	 variables:	 The	

international	gold	price	and	the	real	effective	exchange	rate	including	inflation	and	currency	change	

effects	 (Baur,	 2013).	 The	 international	 gold	 price	 is	 sourced	 from	 World	 Gold	 Council	 database	

(source:	 World	 Gold	 Council,	 2015
12
)	 and	 REER	 index	 is	 coming	 from	 Bank	 for	 International	

Settlements	 (source:	BIS,	 2015
13
)	 and	has	been	combined	with	nominal	exchange	 rate	 from	World	

Bank	(sources:	World	DataBank,	2015).	

	

Each	data,	summarized	in	figure	4,	were	transformed	using	a	3-years	moving	average	approach	over	

the	period	2000-2011.	This	allows	smoothing	data	to	avoid	too	much	volatility	and	heterogeneity	on	

time	series.	This	method	 is	particularly	relevant	when	sources	of	data	are	different.	Moreover,	this	

method	allows	avoiding	bias	in	the	estimations	due	to	natural	and	seasonality	effects	which	can	be	

present	 in	 deforestation	 data.	 Finally	 these	 panel	 data	 are	 used	 to	 estimate	 the	model	 over	 four	

regions	and	8	years	(2002-2009).	

	

Figure	4:	Summary	data	and	sources	

	

	

																																																								
8	Data	available	at:	http://faostat3.fao.org/home/E		
9	Data	available	at:	http://www.ipeadata.gov.br			
10	Data	available	at:	http://databank.worldbank.org/data/home.aspx		
11	Data	available	at:	http://www.insee.fr/fr/bases-de-donnees/?page=statistiques-locales.htm		
12	Data	available	at:	http://www.gold.org/statistics		
13	Data	available	at:	http://www.bis.org/statistics/eer.htm		

Guyana Suriname State,of,Amapa French,Guiana Guianas
Deforestation,(ha) Average 4,824 3,585 12,326 2,698 5,858

(Hansen,(2013) Min 3,751 2,622 11,041 1,889 1,889
Max 6,684 5,744 13,872 3,159 13,872

Forest,area,(1000,ha) Average 19,054 13,838 12,211 8,165 13,317
(Hansen,(2013) Min 19,053 13,835 12,208 8,156 8,156

Max 19,058 13,839 12,216 8,168 19,058
Gross,Domestic,Product,(1000,$,constant,2005) Average 832,812 1,817,013 1,980,421 3,571,219 2,050,366

(World(DataBank,(2015;((INSEE,(2015;(IPEA,(2015) Min 813,771 1,490,353 1,281,183 2,034,588 813,771
Max 883,821 2,116,108 2,834,754 5,128,380 5,128,380

Population Average 764,458 501,167 580,564 190,250 509,110
(FAOstat,(2015,(IPEA,(2015) Min 751,000 480,000 516,694 165,333 165,333

Max 781,000 520,000 636,433 214,000 781,000
Agricultural,Price,Index,($) Average 122 110 107 107 112

(FAOstat,(2015) Min 69 66 82 99 66
Max 185 161 137 117 185

International,Gold,Price,($) Average
(World(Gold(Council,(2015) Min

Max
Exchange,Rate Average 199 2,67 2,38 0,81 51

(World(DataBank,(2015) Min 191 2,38 1,86 0,71 1
Max 204 2,75 2,97 1,02 204

Real,Effective,Exchanche,Rate,Index Average 107 109 88 98 100
(BIS,(2015) Min 100 99 72 91 72

Max 119 135 106 102 135
Note:(Data(sources(are(in(brackets

1,023
315
593



IV.2.2 Econometric	strategy	
	

To	estimate	the	parameters	of	the	deforestation	function	developed	in	the	previous	section	

we	used	a	panel	data	econometric	strategy.	Thus	we	first	linearized	the	demand	function	for	cleared	

land	(i.e.	deforestation)	developed	in	section	V.1	using	natural	logarithm	transformation	as	follows:	

	

ln !!,! = ! + !!
!

!" !!,! +   ! !! ln !!,! +   ! !!  ln (!!,!)  

	

Where	 t	=	 [2002,2009]	 is	 the	year	and	 i=[1,4]	and	 j=[1,4]	 the	 regions,	with	 i	≠	 j.	D	 is	 the	explained	
variable	 deforestation.	 c	 the	 constant	 term	 and	 β	 are	 the	 coefficients	 of	 the	 logarithm	 of	 the	 K	
exogenous	variables	 (i.e.	population,	 forest	cover,	GDP,	Agricultural	price,	gold	price	and	exchange	

rate).	 ρ	 and	 WD	 are	 respectively	 the	 coefficient	 and	 the	 normalized	 weighted	 matrix	 of	 the	

endogenous	 lag	 variable.	 WG	 is	 the	 spatially	 weighted	 matrix	 of	 the	 domestic	 price	 of	 gold	 G	
normalized	and	α	the	associated	coefficient.		

		

Firstly,	before	testing	spatial	autocorrelation,	we	estimated	the	following	model	using	the	Ordinary	

Least	Squares	(OLS	model)	method:	

	

ln !!,! = ! + !!
!

!" !!,! +   ! !! ln !!,! +   ! !! ln !!,! + !!,!  

!!,! ~ !!"(0,!!)	
	

Where	 η	 the	 error	 terms	 independent	 and	 identically	 distributed.	 Note	 that	 according	 to	 the	

Hausman	 test	 and	 F-test	 we	 reject	 respectively	 fixed	 effect	 and	 random	 effect	 specification.	

Furthermore	normality	and	homoscedascticity	of	residues	are	not	rejected	according	to	respectively	

the	Bera	and	Jarque	test	and	white	test	(cf.	figure	6).	We	then	tested	spatial	effects	using	both	the	

Moran’I	 and	 SARMA	 tests	 that	 confirm	 the	 presence	 of	 spatial	 autocorrelation	 (cf.	 figure	 6).	

Therefore	 in	order	to	detect	the	appropriate	form	of	spatial	autocorrelation,	we	used	the	common	

sequential	 test	 series	 outlined	 in	 Anselin	 (Anselin	 and	 Florax,	 1995).	 For	 that	 we	 estimated	 two	

others	models.	We	 firstly	estimate	a	 spatial	 autocorrelation	model	with	an	endogenous	 spatial	 lag	

variable	(SAC	model)	in	the	previous	model	as	follows:	

	

ln !!,! = ! + !!
!
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Second,	we	estimated	model	 including	spatial	errors	without	endogenous	spatial	 lag	variable	 (SEM	

model)	as	describe	below:	

	

ln !!,! = ! + !!
!

!" !!,! +   ! !!  ln (!!,!) + !!,! 	

 
!!,! = ! !!!!,! + !!,!										with	 			!!,! ~ !!"(0,!!)	 

	

with	 ε	 the	 error	 terms	 spatially	 correlated.	 Comparing	 the	 significativity	 of	 Lagrangian	 Multiplier	

spatial	 lag	test	and	Lagrangian	Multiplier	spatial	error	test	 in	their	standard	and	robust	version,	we	

finally	 chosen	 a	 mixed-regressive-spatial	 autoregressive	 model	 with	 a	 spatial	 autoregressive	

disturbance	 (SARAR	 model)	 using	 maximum	 Likelihood	 estimation	 method.	 The	 model	 combined	

thus	SEM	and	SAC	and	can	formally	be	written:	

	



ln !!,! = ! + !!
!
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Note	 that	 beyond	 expected	 spatial	 effect,	 the	 estimations	 highlighted	 presence	 of	 positive	 spatial	

autoregressive	disturbance.	This	may	signal	for	common	shocks	of	deforestation	inside	the	Guianas	

(including	 Amapá	 state)	 that	 are	 not	 taken	 into	 account	 in	 the	 model.	 As	 weighted	 matrix	 of	

disturbances	 is	 represented	 by	 weighted	 GDP	 per	 capita,	 these	 common	 shocks	 may	 be	 due	 to	

regional	 or	 global	 economics	 that	 affected	 countries	 in	 same	 way	 (international	 price	 shocks,	

international	 crisis,	 etc.).	 Even	 if	 data	 of	 deforestation	 were	 transformed	 in	 the	 3	 years	 moving	

average,	 some	 seasonality	 effect	 can	 persist	 and	 explained	 one	 part	 of	 this	 common	 disturbance	

inside	 the	 Guianas	 (including	 State	 of	 Amapá).	 Robustness	 checking	 has	 been	 conducted	 using	

different	 spatially	 weighted	 matrix	 and	 by	 estimating	 each	 spatial	 models	 by	 fixed	 effects.	 	 No	

significant	difference	in	the	parameters	of	interest	was	highlighted.	

	

V	|	 Results	and	implications	
	

V.1 Econometric	results	

	
	

Before	to	describe	the	estimated	regional	interactions	effects,	the	main	purpose	of	this	study,	

the	 following	section	describe	 the	main	 results	of	 the	deforestation	model	 regarding	 the	 fitness	of	

the	estimations	and	the	statistic	relevance	of	underlying	causes	introduced.	

	

V.1.1 Results	of	estimated	deforestation	model	
	

Estimations	 of	 the	 deforestation	 model	 are	 globally	 significant	 and	 explain	 about	 94%	 of	

variations	 of	 deforestation	 across	 the	Guianas	 (including	 Amapá	 State)	 (cf.	 figure	 5).	 All	 results	 of	

econometric	model	are	summarized	in	figure	6.	

	

The	variable	of	agricultural	price	is	the	only	statistically	non-significant	variable	probably	because	of	

lack	of	consistent	of	data	sources	across	the	region	and/or	a	composite	price	variable	that	does	not	

represent	real	incentives	for	agricultural	development	in	the	region.	Furthermore	probably	impact	of	

agricultural	 development	 is	 partially	 captured	 by	 global	 economic	 development	 already	 present	 in	

the	model.		

	

	

	

	

	

	

	

	



Figure	5:	Observed	deforestation	vs	predicted	values	by	the	model	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

As	 an	 interesting	 result,	 the	 estimations	 highlighted	 an	 inverted	 U-shaped	 relationship	 between	

income	growth	and	deforestation.	 In	 the	 literature	 this	effect	 is	named	the	Environmental	Kuznets	

Curve	 relationship	 (Koop,	 1999;	 Culas,	 2007;	 Choumert,	 2013)	 and	 assumed	 that	 from	 a	 certain	

income	level	(estimated	here	to	4,000$	at	constant	2005	value)	a	marginal	increasing	of	income	lead	

to	less	deforestation	compared	to	the	first	stage	of	development.	Note	that	except	for	Guyana	that	

not	 reaches	 this	 turning	 point,	 all	 others	 now	have.	 Suriname	 and	Amapá	have	been	 reached	 this	

4000	$	turning	point	at	the	end	of	the	studied	period	(i.e.	near	2010).	French	Guiana	was	well	above	

that	point	throughout	the	study	period.		

	

Note	 also	 that	 gold	 price	 appears	 as	 the	 main	 explicative	 variable	 of	 the	 estimated	 model	 of	

deforestation.	 Indeed	 following	 the	estimations	 the	 increasing	of	gold	price	 in	 the	past	 could	have	

contributed	from	50	to	70%	of	deforestation	over	the	period.		

	

Finally,	 as	 expected,	 population	 and	 exchange	 rate	 are	 statistically	 significant	 underlying	 cause	 of	

deforestation	in	Guianas	(including	Amapá	State).		

Abscissa	 represents	 the	observed	deforestation	data	 for	 all	 countries	and	 for	 all	 years.	

Ordinate	are	the	predictive	value	of	deforestation	by	the	model.	More	observations	are	

close	to	the	bisectrix,	the	better	the	quality	of	the	model.	



Figure	6:	Econometric	results	and	statistical	tests	
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V.1.2 Results	of	estimated	regional	interactions	effects	
	

The	 estimation	 results	 do	 not	 reject	 the	 presence	 of	 regional	 interactions	 of	 deforestation	
over	the	studied	period.	Thus	the	two	spillover	effects	tested	in	this	model	(i.e.	the	market	leakage	
effect	and	the	activity	shifting	of	SSGM	activities)	appear	as	statistically	significant.	
	
Figure	 7	 shows	 the	 leakage	 effect	 of	 deforestation	 related	 to	 gold	 mining	 activity.	 This	 effect	 is	
captured	in	the	model	by	the	unequal	distribution	of	domestic	gold	prices	between	countries.	Thus	
an	 increase	 in	 the	 domestic	 price	 of	 gold	 by	 one	 country	 simultaneously	 causes	 an	 increase	 in	
deforestation	in	the	country	and	a	decrease	in	deforestation	in	neighboring	countries.	This	effect	is	
even	 stronger	 than	 the	 countries	 are	 geographically	 close	 and	border.	 It	 should	be	noted	 that	 the	
intensity	of	these	leakage	is	not	uniform	across	countries.	
	
Indeed,	as	shown	in	Figure	7,	the	State	of	Amapá	is	the	least	affected	by	this	effect	from	neighboring	
countries	 (i.e.	 in	 the	 welcome	 of	 these	 leakage	 effect)	 even	 though	 it	 is	 greater	 impact	 on	
neighboring	countries	 (i.e.	 in	 the	provision	of	 these	 leakage	effect).	 In	contrast,	French	Guiana	and	
Suriname	welcomed	more	leakage	effects	from	neighboring	countries	than	they	were	originally.	Note	
however	 that	 if	Suriname	seems	to	be	 impacted	significantly	by	 leakages	 from	the	State	of	Amapá	
and	 Guyana,	 it	 is	 at	 the	 origin	 of	 much	 leakage	 effect	 toward	 the	 French	 Guiana.	 French	 Guiana	
receives	 however	 a	majority	 of	 leakage	 effect	 from	 gold	mining	 activity	 that	 comes	 from	 State	 of	
Amapá.	 Guyana	 seems	 suffer	 mostly	 to	 the	 leakage	 effects	 coming	 from	 Suriname	 and	 State	 of	
Amapá.	
	
It	should	be	noted	that	the	domestic	gold	price	takes	into	account	the	economic	conditions	of	each	
country.	 Therefore,	 a	 country	 becomes	more	 vulnerable	 to	 the	 leakage	 effect	 due	 to	 gold	mining	
activity	when	 it	has	higher	economic	growth,	 inflation,	 rate	of	exchange,	etc...	compared	to	others	
countries.		
	
Of	course,	some	economic	events	or	new	political	events	(e.g.	command	and	control	policy,	...)	can	
increase	or	reduce	the	intensity	of	cross-border	displacement	of	gold	mining	activities.	Thus,	Figure	7	
illustrates	most	 risky	 leakage	effect	when	a	policy,	 directly	 or	 indirectly	 affecting	 the	 incentives	 to	
gold	mining,	is	conducted	unilaterally	within	the	Guiana	Shield.	
	
Moreover,	 the	second	 leakage	effect	taken	 into	account	 in	the	model	 is	not	rejected	and	seems	to	
confirm	the	presence	of	 leakage	of	deforestation	 linked	to	the	market.	Overall,	 it	 is	estimated	that	
the	leakage	effect	is	about	40%.	In	other	words,	a	little	less	than	half	of	the	increase	(or	decrease)	of	
deforestation	 in	 one	 country	 is	 offset	 by	 a	 decrease	 (or	 increase)	 of	 deforestation	 in	 neighboring	
countries.	
	
However,	 as	 illustrated	 in	 Figure	 8,	 there	 is	 a	 large	 disparity	 in	 these	 interactions	 and	 effects	 of	
leakage	between	countries.	According	to	our	estimates,	Suriname	is	the	country	whose	its	variability	
of	deforestation	has	the	higher	influence	over	the	other	countries.	A	large	majority	of	these	leakage	
effects	of	deforestation	 	 (negative	or	positive)	 take	place	between	countries	 that	are	economically	
similar,	and	thus	these	effects	are	particularly	strong	between	Guyana	and	the	State	of	Amapá.	This	
confirms	 that	 economic	 competition	between	 countries	 is	 a	driver	of	 leakage	of	deforestation.	On	
the	contrary,	the	French	Guiana	is	the	less	vulnerable	country	to	the	leakage	effect	of	deforestation	
from	its	neighboring	countries.	This	can	be	explained	by	the	fact	that	French	Guiana	has	a	relatively	
different	 economic	 structure	 and	 thus	 is	 less	 dependent	 competitiveness	 of	 its	 neighboring	
countries.	On	the	contrary,	Guyana	and	the	State	of	Amapá	are	the	most	sensitive	countries	to	these	
effects.	



These	results	showed	the	presence	of	economic	interactions	in	the	Guiana	Shield	that	seems	lead	to	
environmental	 interactions	 between	 countries	 such	 as	 leakage	 effect	 of	 deforestation.	 Figure	 8	
shows	 that	 the	 leakage	 effects	may	 be	more	 intense	when	 the	 economic	 and	 /	 or	 environmental	
policies	 that	 affect	 directly	 or	 indirectly	 the	 land	 use	 sectors,	 are	 unilaterally	 implemented	 and	
uncoordinated.	
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The	figure	7	illustrates	regional	interactions	of	deforestation	due	to	gold	mining	activities	inside	the	Guiana	Shield.	The	colorful	arrows	represent	the	directional	flow	
of	leakage	of	deforestation	due	to	a	displacement	of	gold	mining	activity	between	two	countries	and	the	width	of	the	arrows	the	intensity	of	this	leakage	effect.	State	
of	Amapá	provides	the	higher	estimated	leakage	effect	due	to	gold	mining	activity	whereas	it	is	the	less	impacted	region	by	this	effect.	Suriname	and	French	Guiana	
are	 the	most	sensible	 regions	to	 this	 leakage	effect	by	hosting	potentially	the	most	SSGM	particularly	 from	Amapá	State.	Guyana	 interacts	 the	most	(provides	and	
receives	leakage	effects)	with	Suriname.		
	

Figure	7:	Regional	interactions	of	deforestation	due	to	gold	mining	activity	
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The	 figure	 8	 illustrates	 regional	 interactions	 of	 deforestation	 inside	 the	Guiana	 Shield.	 The	 colorful	 arrows	 represent	 the	 directional	 flow	 of	 negative	 spillover	 of	
deforestation	between	two	countries	and	the	width	of	the	arrows	the	intensity	of	this	spillover	effect.	Suriname	provides	the	higher	spillover	effect	among	the	studied	
countries.	On	the	contrary,	Guyana	and	State	of	Amapá	are	the	most	vulnerable	countries	in	term	of	hosting	market	leakage	effects.		

Figure	8:	Endogenous	regional	interactions	of	deforestation	



	

V.2 	Implications	and	perspectives	
	
This	study	provides	a	first	line	of	thought	on	regional	interaction	within	the	Guiana	Shield.	Through	a	
scientific	 approach,	we	 tried	 i)	 to	 identify	 the	 causes	 of	 regional	 interactions	 that	 could	 lead	 to	 a	
displacement	 of	 deforestation,	 ii)	 to	 develop	 a	 deforestation	 model	 including	 these	 effect	 and	 ii)	
statistically	test	these	effects	from	historical	observations.	
	
If	the	results	do	not	reject	the	hypothesis	on	the	existence	of	these	leakage	effects	within	the	Guiana	
Shield,	 they	 do	 not	 allow	 either	 to	 say	 with	 certainty	 that	 the	 effects	 of	 leakage	 are	 as	 we	 have	
assumed	 and	 described.	 Future	 work	 should	 deepen	 and	 refine	 the	 knowledge	 of	 these	 regional	
interactions.	 Particularly,	 other	 factors	 of	 regional	 interactions	 (e.g.	 socio-cultural	 drivers),	 not	
included	in	the	model	due	to	lack	of	data	or	technical	difficulties	to	include	them	in	model,	could	be	
studied.	On	 the	other	hand,	 the	difficulty	 to	build	a	 common	and	uniform	database	 for	all	 regions	
limits	 the	 scope	 of	 the	 statistical	 results	 and	 the	 implications	 that	 can	 be	 drawn.	 Finally,	 if	 the	
statistical	 techniques	 used	 are	 among	 the	 most	 recent,	 they	 do	 not	 allow,	 however,	 in	 good	
generalization	 tool	 to	 assess	 comprehensively	 all	 the	 regional	 interactions	 effects,	 sometimes	 too	
complex	 or	 episodic.	 Nonetheless,	 according	 data	 and	 statistical	 techniques	 currently	 available,	
exercise	performed	in	this	study	provides	a	first	reliable	 lighting	on	regional	 interactions	within	the	
Guiana	Shield,	and	thus	provides	a	solid	basis	for	future	explorations	on	these	issues.	
	
As	saw	in	the	results,	regional	interactions	in	terms	of	deforestation	were	occurred	over	the	period	
2002-2009	 on	 the	 Guianas	 (including	 State	 of	 Amapá).	 As	 expected,	 estimations	 revealed	 two	
predominant	leakage	effects:	a	leakage	effect	due	to	gold	mining	activity	and	an	endogenous	leakage	
effect	of	deforestation.	
The	first	effect	seems	mostly	depending	on	economic	incentives	to	localize	the	gold	mining	activities.	
One	part	of	the	geographical	distribution	of	gold	production	at	the	Guiana	Shield	scale	(particularly	
SSGM	activities)	was	explained	by	 the	difference	 in	 the	growth	 rate	of	domestic	gold	price.	As	 the	
gold	price	is	fixed	internationally	and	that	inflation	and	exchange	rate	depends	on	national	economic	
conditions,	 this	 leakage	effect	may	be	hard	 to	brake.	However	 some	activities	could	help	 limit	 this	
effect.	 Indeed,	 individually	 this	 implicates	 to	 increase	 efforts	 to	 monitor	 and	 control	 gold	 mining	
activities	 implementation	 and	particularly	 informal	 ones.	 Thus	 early	 detection	of	 the	 implemented	
activities,	especially	using	remote	sensing	data,	 is	essential	to	control	and	quickly	intervene	to	fight	
against	 the	 rapid	 expansion	of	 gold	mining	 activities	 (eg.	 Rham	et	 al.,	 2015).	However	 an	 efficient	
monitor	 and	 control	 system	 implemented	 unilaterally	 by	 a	 country	 will	 risk	moving	 operations	 to	
other	 countries	 (e.g	 Harpie	 operation	 in	 French	 Guiana).	 The	 implementation	 of	 an	 individual	 but	
coordinated	monitoring	and	controlling	policy	by	each	is	then	a	prerequisite	to	 limit	risk	of	 leakage	
due	to	gold	mining	activity	shifting.	However	the	monitoring	and	controlling	may	be	efficient	activity	
to	limit	expansion	of	gold	mining	but	it	does	not	allows	preventing	their	implementation.		
Therefore,	preventive	actions	are	needed	to	pre-identify	the	risk	of	gold	rush.	As	we	demonstrated,	
leakage	effect	comes	partially	from	the	difference	of	domestic	gold	price,	so	the	identification	of	the	
risky	 episodes	 for	 a	 country	 should	 be	 take	 as	 regional	 issue.	 Thus	 at	 regional	 scale	 it	 would	 be	
relevant	to	develop	and	monitor	a	early	warning	system	based	for	example	on	a	“domestic	gold	price	
measures”	 allowing	 to	 highlight	 an	 excessive	 cross-country	 variability.	 Beyond	 this	 study,	 this	 will	
needed	 firstly	 to	 strengthen	 the	 understanding	 on	 underlying	 forces	 of	 SSGM	 sector	 and	 deepen	
knowledge	on	relationship	between	drivers	(as	domestic	gold	price)	and	leakage	effects	and	collect	
appropriated	data	(Clifford,	2011).	
	
Secondly,	 leakage	effect	comes	from	an	endogenous	process	of	deforestation	on	the	whole	region.	
Estimations	 show	 that	 empirically	 while	 deforestation	 increased	 in	 a	 country,	 deforestation	



decreased	in	others	countries.	This	effect	is	even	stronger	than	countries	have	economic	similarities	
suggesting	a	market	leakage	effect.	Indeed,	according	to	the	drivers	of	deforestation	in	the	Guianas	
(including	Amapá),	this	externality	may	comes	from	economic	competitiveness	on	both	international	
and	regional	markets	from	extractive	industry	and/or	land	use	sector.	Uncoordinated	policies	on	land	
use	 sectors	 are	 probably	 the	 main	 issue	 at	 the	 origin	 of	 this	 effect	 assuming	 that	 economic	 or	
environmental	policy	led	by	a	country	may	modify	distribution	of	land	use	of	neighboring.	This	effect	
confirms	that	deforestation	is	transboundary	issue	over	the	Guianas.	Therefore,	two	propositions	of	
joint	activity	can	help	to	brake	this	negative	externality:	i)	Promote	regional	dialogue	and	economic	
integration	and	complementarity	especially	in	the	land	use	sector	over	the	Guianas	and	ii)	Promote	
regional	approach	for	fighting	against	deforestation	policy	as	REDD+.	
	
As	 already	 highlighted	 by	 Haden	 (1999),	 difference	 in	 population,	 wealth	 and	 political	 power	
between	Guiana	Shield	countries	discouraged	up	to	now	joint	political	action.	Consequently	even	it	is	
unreasonable	 to	 think	 to	 a	 full	 economic	 and	 political	 integration	 of	 Guiana	 Shield,	 several	 tracks	
could	 allow	 limiting	 negatives	 externalities	 of	 unilateral	 policies.	 First	 is	 the	 promoting	 of	 regional	
dialogue	on	economic	and	politic	 land	use	 issues	 in	order	 to	 strengthen	understanding	of	 regional	
interactions.	Second,	cross-country	activities	should	be	promoted	as	the	land	use	sector	appears	as	
transboundary	issue	in	the	Guiana	Shield.	For	example,	promoting	regional	dialogue	and	pooling	of	
fund	 could	 allow	 to	 implement	 and	 financing	 regional	 projects	 as	 for	 example	 implementation	 of	
transboundary	 protected	 areas	 and/or	 regional	 land	 use	 monitoring	 system.	 Thirdly,	 promote	
economic	diversification	in	 land	use	between	the	Guiana	Shield	countries	and	improve	the	regional	
economic	 integration	 and	 complementarity	 could	 limit	 leakage	 effect.	 This	may	 seems	paradoxical	
because	results	showed	that	regional	trade	is	a	sources	of	leakage,	but	we	assume	a	reverses	“Dutch	
desease”	effect	(Corden	and	Neary,	1982)	where	threats	mainly	comes	from	production	volatility	of	
land	 use	 sectors	 induced	 by	 competition	 rather	 than	 regional	 trade	 itself	 (Heemskerk,	 2001).	
Therefore	 diversification	 of	 productions,	 especially	 in	 agricultural	 sector,	 can	 help	 to	 limit	
environmental	externalities	resulting	from	high	commodities	price	instability.	 In	the	same	time,	the	
promoting	of	regional	integration	and	economic	complementarity,	through	for	example	increasing	of	
multi-lateral	 trade	 agreements,	 promoting	 of	 cross-border	 communications	 infrastructure14 	and	
harmonization	of	trade	legislation,	should	reduce	negative	externalities	(Abdenur,	2013).	
	
More	 mechanically,	 estimations	 showed	 that	 deforestation	 increased	 in	 a	 country	 while	 the	
deforestation	decreased	in	others	countries.	Therefore,	an	efficient	policy	led	by	a	country	to	reduce	
deforestation	 may	 be	 appear	 inefficient	 regarding	 the	 regional	 scale.	 This	 is	 a	 strong	 implication	
particularly	for	the	REDD+	mechanism	in	which	each	country	is	now	actively	involved.	Indeed	in	case	
of	uncoordinated	implementation	of	REDD+	we	can	imagine	that	the	least	advanced	countries	in	the	
REDD+	 process	 will	 welcome	 leakage	 and	 thus	 must	 redouble	 efforts	 to	 reduce	 both	 their	 own	
deforestation	and	deforestation	due	 to	 the	 leakage	effects.	 Therefore	every	Guiana	 shield	 country	
have	a	real	interest	that	REDD+	policy	be	thought	at	regional	scale	and	activities	are	synchronized.	In	
this	context	regional	sharing	of	information	and	methods	for	each	stage	of	REDD+	implementation	is	
essential	especially	for	neighboring	and	economically	similar	countries.	At	this	stage,	the	sharing,	the	
using	and	the	coordination	of	MRV	system	is	a	concrete	example	of	a	synchronized	activity	in	REDD+	
implementation.	
	
Finally,	 each	policy	 focused	on	 reducing	deforestation	has	 to	be	 coordinated	at	 the	 regional	 scale,	
otherwise	 stronger	 regulation	 in	 one	 country	 may	 pass	 unsustainable	 extraction	 onto	 neighbors	
(Veening	et	al,	1996).	Sustainable	use	of	natural	resources	at	the	Guiana	Shield	scale	requires	some	
kind	of	regional	agreement	and	cooperation	on	resource	use	policy	(Haden,	1999).	

																																																								
14	We	not	discuss	here	the	deforestation	driven	by	roads	development	(Soares-Filho	et	al.	2004,	Soares-Filho	et	al.	2006,	
Nepstad	et	al.	2002),	but	we	focus	on	opportunity	trade	enhancement	due	to	transboundary	roads	as	driver	of	regional	
integration.	
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