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Rapid assessment  
Valuing four community reforestation projects by 
IED Afrique in the region of Kaffrine, Senegal 
 
 

Executive	summary	
Forests	 provide	 variety	 of	 environmental	 services	 that	 contribute	 to	 household	welfare	 and	 livelihoods.	 But	
there	are	widespread	misconceptions	about	the	importance	of	wild	resources,	as	sources	of	income	and	safety	
nets	to	poor	households.	This	stems	from	a	lack	of	basic	data	on	the	true	contribution	of	ecosystems	to	rural	
households.	In	this	study	we	make	a	first	attempt	to	quantify	the	local	economic	returns	to	four	reforestation	
projects,	led	by	the	NGO	IED	Afrique	in	the	region	of	Kaffrine,	Senegal.	In	doing	so,	we	account	for	the	value	of	
energy,	food,	construction	materials,	forage	and	other	Non	Timber	Forest	Products	(NTFPs)	to	subsistence	or	
cash	uses	over	a	15-year	period.	We	find	that	the	present	value	benefits	are	in	the	order	of	FCFA	56	million,	of	
which	the	sustainable	provision	of	fuelwood	account	for	42%,	construction	timber	for	32%,	livestock	forage	for	
2%	 and	 other	 NTFPs	 (cashew	 nuts,	 gum	 arabic	 and	 medicinal	 plants)	 for	 another	 24%.	 The	 reforestation	
activities	also	contribute	to	carbon	sequestration,	worth	some	FCFA	2	billion	over	15	years	in	terms	of	avoided	
global	damages.	On	the	whole,	the	size	and	magnitude	of	the	direct	benefits	to	the	local	population	outweigh	
project	implementation	costs,	resulting	in	a	Net	Present	Value	benefit	of	FCFA	6.7	million.	This	is	a	noteworthy	
finding,	 especially	 considering	 that	 IED’s	 reforestation	 projects	 are	 also	 affecting	 key	 hydrological	 processes	
and	soil	functions	-	that	has	not	been	quantified	here	–	and	which	are	of	value	to	local	populations.		
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1.	Introduction	
Croplands,	 pastures,	 plantations	 and	 urban	 areas	 have	 strongly	 expanded	 in	 Senegal	 in	 the	
recent	 20	 years,	 especially	 in	 groundnut	 production	 areas	 and	 in	 the	 arid	 and	 semi-arid	
subhumid	 zones	 of	 the	 country	 (Bakoum	 et	 al.,	 2012;	 Paeth,	 2006).	 Cropland	 extension	 has	
replaced	mainly	grass,	shrub	and	forestland	—	a	change	that	amounts	to	land	degradation	due	
to	the	low	ecosystem	value	of	crops	compared	to	their	former	states	(Nkonya	et	al.	2015).	Sow	
et	al.,	(2015),	estimates	the	cost	of	land	degradation	due	to	Land	Use	and	Cover	Change	(LUCC)	
in	Senegal	to	be	about	USD	0.41	billion	or	about	4	%	of	the	GDP.	
	
In	addition	to	 land	degradation	arising	from	LUC,	Senegal	also	faces	 increasing	vulnerability	to	
climate	extreemes,	such	as	floods	and	droughts.	Moreover,	the	downstream	position	of	several	
of	Senegal’s	large	rivers	and	its	largely	flat	topography1,	leads	to	poor	drainage	and	problems	of	
soil	 salinity.	 	 It	 is	 estimated	 that	 645,000	ha	of	 land	 is	 affected	by	 salinity	 (DPS	2004).	 This	 is	
about	6.8	%	of	9.5	million	ha	agricultural	land	(World	Bank	2012).	
	
Responding	to	the	need	to	plan	for	and	adapt	to	climate	variability,	the	Building	Resilience	and	
Adaptation	 to	 Climate	 Extremes	 and	Disasters	 (BRACED)	 programme,	 led	 by	 IIED,	 IED	Afrique	
and	the	NEF	consortium,	has	worked	to	incorporate	climate	variability	in	development	planning	
in	Mali	and	Senegal.	This	 is	done	recognizing	that	local	communities	are	best	placed	to	decide	
which	 climate	 change	 investments	 will	 strengthen	 their	 resilience,	 while	 building	 upon	 an	
ongoing	decentralization	process	in	both	Mali	and	Senegal	through	decentralized	climate	funds	
(DCF).	The	close	collaboration	between	 local	government	structures	and	communities	ensures	
that	decision-making	and	access	to	the	funds	is	in	the	hands	of	those	most	directly	affected	and	
most	able	to	identify	strategies	for	building	local	resilience	(IIED	blog)	
	
In	 Senegal,	 IED	 Afrique	 has	 implemented	 a	 large	 number	 of	 projects	 to	 increase	 climate	
resilience	and	amongst	these,	the	restoration	and	the	rehabilitation	of	ecosystems2,	based	on	a		
mixture	of	native	and	exotic	species	 (Dietta	et	al.,	2007;	NEF,	 IIED	and	 IED	Afrique	2014).	The	
following	 study	 focuses	 on	 these	 interventions,	 with	 a	 view	 to	 valuing	 their	 societal	 net-
benefits.	
	

The importance of wild resources to rural livelihoods 
While	 reforestation	 and	 restoration	 efforts	 can	 repair	 damaged	 ecosystem	 functions	 and	
combat	land	degradation,	wild	habitats	such	as	natural	forests,	woodlands,	wetlands,	rivers	and	
grasslands	can	also	be	of	direct	value	to	rural	households,	providing	energy,	food,	construction	
materials	 and	medicines	 both	 for	 subsistence	 and	 cash	 uses	 (see	 e.g.	 Sunderlin	 et	 al.,	 2005,	
Pouliot,	M.	&	 Treue,	 T.	 2013,	 Angelsen	 et	 al.,	 2014). These	 natural	 endowments,	 if	managed	
efficiently,	 can	 provide	 a	 capital	 base—a	 foundation	 for	 greater	 economic	 viability,	 and	 a	
stepping-stone	beyond	mere	subsistence	(WRI	2005).	
	
Chao	 (2012)	estimate	 that	 as	much	as	90%	of	 those	who	 live	 in	extreme	 rural	poverty	are	 to	
some	degree	reliant	on	forests	for	their	livelihoods.	In	a	global	meta-study	synthesizing	54	case	
studies,	 Vedeld	 et	 al.	 (2007)	 estimated	 that	 forests	 income	 contribute	 an	 average	 of	 22%	 of	

																																																																				
1	Average	altitude	is	less	than	50	m	above	sea	level	
2	The	society	for	ecological	restoration	defines	restoration	as	«	the	intentional	alteration	of	a	site	to	establish	a	
defined	indigenous,	historic	ecosystem	»	and	rehabilitation	as	«	the	repair	of	damaged	or	blocked	ecosystem	function	
with	the	primary	goal	of	raising	ecosystem	productivity	for	the	benefit	of	local	people	»	(Aronson	et	al.,	1993).	IED’s	
reforestation	projects	serve	both	purposes.	
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total	household	 income,	while	CIFOR’s	Poverty	and	Environment	Network	 (PEN)	suggests	 that	
environmental	income	contributes	28	percent	of	total	income	to	households	in	or	near	forests	-	
a	figure	that	was	only	marginally	lower	than	that	of	crop	income	(Angelsen	et	al.,	2014).		
	
There	 is	 thus	 increasing	 evidence	 that	wild	 resources	 are	 a	 critical	 element	 of	 poor	 people’s	
livelihood	 strategies.	 Regrettably	 however,	 the	 importance	 of	 natural	 ecosystems	 and	 non-
cultivated	 habitats	 to	 household	 wellbeing	 is	 a	 poorly	 understood	 area	 in	 international	
development	and	conservation	planning.	As	the	research	for	this	paper	has	proven,	data	on	wild	
products	and	rural	communities’	 reliance	on	nature	 is	very	 limited.	For	example,	use	of	 forest	
products	 is	 rarely	 not	 captured	 through	household	 surveys	 undertaken	by	National	 Statistical	
Offices	(such	as	the	World	Banks	LSMS,	Surveys	on	living	conditions	and	integrated	household	
surveys)	and	at	the	macro	level,	data	on	the	contribution	of	forestry	to	gross	domestic	product	
is	often	aggregated	with	agriculture	and	fishing	because	‘data	on	forestry’	are	sparse.		
	
With	 scarce	 data	 on	 the	 quantified	 dependence	 on	 nature	 and	 few	 systematic	 analyses	 to	
adequately	guide	policy,	nature	has	been	is	undermined	in	respectively	development	planning	
and	poverty	prescriptions.	 	This	 leads	to	misguided	and	 inequitable	 land	management	policies	
that	undermine	the	importance	of	natural	resources	as	income	sources	and	safety-net	to	rural	
households	 (FAO,	 CIFOR,	 International	 Forestry	 Resources	 and	 Institutions	 (IFRI)	 and	 World	
Bank.	2016).	

To	 address	 this	 situation	 and	 contribute	 to	 an	 enhanced	 understanding	 of	 the	 real	 value	 of	
forest	 rehabilitation	 and	 restoration,	 the	 following	 study	 is	 an	 economic	 valuation	 of	 4	
reforestation	projects,	led	by	IED	Afrique,	in	the	region	of	Kaffrine	in	Senegal.	We	estimate	the	
additional	 forest	 income	 that	 may	 be	 derived	 from	 products	 that	 can	 be	 harvested	 and	
collected,	 including	 timber,	 NTFPs	 (gum	 arabic,	 medicinal	 plants,	 cashew	 nuts)	 and	 livestock	
fodder	to	local	communities.	

IED	Afrique	
IED	Afrique	is	an	independent,	non-profit	organization,	based	in	Senegal,	which	capitalizes	
about	fifteen	years	of	experience	in	Francophone	West	Africa.	It	promotes	sustainable	
development	and	improved	livelihoods	in	Africa,	by	using	participatory	processes	and	
innovative	novel	research	and	development	methods	(http://www.iedafrique.org/-IED-Afrique-
.html)	
	

Study	sites	
In	 the	 following	we	 briefly	 outline	 the	main	 features	 of	 the	 four	main	 reforestation	 projects	
undertaken	 as	 part	 of	 a	 series	 of	 Decentralised	 Climate	 Funds	 (DCF)	 under	 the	 BRACED	
programme	 by	 IED	 Afrique.	 All	 projects	 started	 in	 2016	 or	 2017	 and	 cover	 a	 total	 of	 81.5	
hectares	(table	1).		
	

1. “Dimal” Création of fuelwood in the villages of the valley of Dimal, Gama, Ngordjilene 
Mouride and Korky Bambara, located in the borough of Keur Mbouki and the 
department of Birkilane.  
The	villages	of	Dimal,	Gama,	Ngordjilen,	Mouride	and	Korky	Bambara	have	a	strong	agricultural	
orientation.	Main	crops	grown	include	cashew,	la	pastèque,	beans,	millet,	corn	and	cotton.	The	
villages	also	have	a	rich	and	varied	parkland	including	pastoral	zones	and	‘pistes’.	However,	the	
parkland	 is	 subject	 to	 a	 progressive	 degradation	 due	 to	 a	 significant	 exploitation	 of	 forest	
resources.	Moreover,	parts	of	Diamal,	 touches	 the	 coastal	 inlet	 and	are	 therefore	exposed	 to	
salt	water	 intrusion.	Soil	salination	 is	halted	by	thorny	shrubs	such	as	 le	sidem,	 le	soump	et	 le	
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neb	 neb	 that	 are	 heavily	 exploited	 by	 the	 local	 population.	 The	 project	 aims	 to	 attenuate	
pressures	on	this	vegetation	through	the	planting	and	densification	of	fast	growing	tree	species	
such	 as	 Ecaluptus	 amaldilensis	 and	 Prosopis	 juliflora.	 Ecaluptus	 camaldilensis	 and	 Prosopis	
juliflora	may	be	sustainably	used	by	the	local	population	for	domestic	use	and	sale	of	fuelwood	
and	construction	poles.	The	project	is	implemented	over	30	hectares,	with	the	aim	of	ensuring	
the	replanting	and	protecting	some	30’000	plants.		

2. “Mbeuleup” The restoration and the conservation of the community forest of Mbeuleup 
in the region of Kaffrine.		
With	the	aim	of	combating	continuous	degradation	the	main	interventions	consist	of	enriching	
an	existing	30	hectares	 forestland	with	 rare	and	endemic	 tree	 species	 (Acacia	Senegal,	Acacia	
Seyal,	 Anacardium	Occident)	 and	 exotic	 species	 such	 as	 Ecaluptus	 camaldilensis	 and	 Prosopis	
juliflora,	 alongside	 with	 the	 development	 of	 a	 tree	 nursery	 and	 education	 on	 reforestation	
techniques.	 The	municipality	of	Mbeuleup	has	8405	 inhabitants.	 The	main	beneficiaries	 are	5	
neighbouring	villages,	counting	approximately	5000	inhabitants.		

3. “Keur M’boucki” Reforestation and restoration of the banks of the tributary of the 
Saloum Inlet in the commune of Keur M'bouck 
The	 municipality	 of	 Keur	 M’boucki	 is	 affected	 by	 salination,	 deforestation,	 abandonment	 of	
fallow	periods,	 combined	with	 limited	availability	of	agricultural	 inputs	and	use	of	manure,	as	
most	of	 the	pastoral	activity	 in	 the	area	 is	 characterized	by	 transhumance	 (no	 settlement).	 In	
order	to	address	this	situation,	IED	Afrique	and	the	municipality	has	begun	a	project	to	reforest	
and	 restore	 the	 banks	 of	 the	 tributary	 of	 the	 Saloum	 inlet	 over	 a	 14	 km	 distance.	 This	
corresponds	 to	 some	14	hectares	of	 land,	 assuming	 that	 the	banks	are	10	meters	broad.	 The	
purpose	 is	 to	 fight	 against	 wind	 erosion	 and	 salination	 through	 reforestation	 and	 bank	
restoration	and	to	protect	the	reforested	banks	against	bush	fire.			

4. “Kahi” Restoration of the classified forest of Kaffrine  
Implemented	in	the	municipality	of	Kahi	in	Kaffrine,	the	project	involves	the	restoration	of	12.5	
hectares	of	forestland	to	enhance	availability	of	NTFP	and	deadwood	used	for	fuelwood.	The	
main	beneficiaries	are	60	members	of	the		“association	des	femmes	forestières	de	Kaffrine”	and	
the	surrounding	villages,	counting	a	total	population	of	6000.	15	km	of	wildfire	protection	
corridors	have	also	been	established.		
	
Table	1:	Summary	of	tree	species	used	in	IED’s	restoration	interventions	and	accounted	for	in	the	

valuation	study	

		

Creation	de	
bois	de	
Village,	
‘Dimal’	

Restoration	and	
conservation	of	the	
community	forest	of	

‘Mbeuleup’	

Reforestation	and	
restoration	of	the	banks	
of	the	tributary	of	the	
Saloum	Inlet	‘Keur	

M’Boucki’	

Restoration	of	
the	classified	
forest	of	

Kaffrine	‘Kahi’	
Total	
hectares	

Hectares	per	project	 30	 25	 14	 12.5	 81.5	

		 Share	 Share	 Share	 Share	
	Anacardium	Occident	 0.05	 0.3	 0	 0.1	 10.25	

A.	Senegal	 0.05	 0.25	 0.2	 0.2	 13.05	

A.	Seyal	 0	 0.05	 0.4	 0.2	 9.35	

Eucalyptus	Camaldilensis	 0.3	 0.2	 0	 0.2	 16.5	

Prosopis	juliflora	 0.6	 0.1	 0.4	 0	 26.1	
Others,	distributed	as	followed	(author’s	own	assumption)	

	 	 	Sterculia	setigera		 0	 0.03	 0	 0	 0.75	

Bombax	costatum		 0	 0.03	 0	 0.2	 3.5	

A.	Nilotica		 0	 0.04	 0	 0.1	 2.25	
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2.	Methodolgy	
Rural	households	make	use	of	a	variety	of	sources	of	income	and	subsistence	activities	to	make	
their	 livings.	 Many	 of	 these	 are	 directly	 based	 on	 nature—such	 as	 fishing,	 hunting,	 and	
collecting	of	 firewood,	herbs,	or	other	natural	products.	 	 These	may	be	 sold	 for	 cash	or	used	
directly	for	food,	heat,	building	materials,	or	innumerable	other	household	needs.		
	
This	“environmental	income”	may	be	boosted	through	the	restoration	of	natural	ecosystems.	In	
the	Kaffrine	region	of	Senegal,	IED	Afrique	has	used	a	range	of	tree	species	in	their	reforestation	
efforts.	 Each	 of	 these	 species	 has	 unique	 properties.	 In	 valuing	 the	 net-benefit	 from	 the	
reforestation	activities,	we	thus	take	a	tree-by-tree	approach.	This	makes	sense	in	the	context	
of	 the	 study,	 which	 focuses	 on	 the	 provisioning	 ecosystem	 services	 generated	 by	 the	
reforestation	projects,	in	addition	to	the	sequestration	of	carbon.		
	

The	CBA	decision	criteria		
In	Cost	Benefit	Analysis,	benefits	and	costs	are	expressed	 in	monetary	terms	and	are	adjusted	
for	 the	 time	 value	 of	 money.	 The	 Net	 Present	 Value	 (NPV)	 is	 known	 as	 a	 reliable	 decision	
criterion	in	CBAs	and	less	vulnerable	to	generate	ambiguous	results	compared	to	other	criteria	
(Olschewski,	 2006).	 To	 derive	 the	 NPV	 of	 a	 project	 intervention,	 costs	 are	 subtracted	 from	
benefits	for	every	year	and	discounted	to	reflect	the	net-benefits	in	present	value	terms.	These	
are	then	summed	for	the	whole	time	horizon	(T)	that	is	being	evaluated	(equation	1).	
 

Equation 1                   NPV =  (B! − C!)/(1 + r)!
!

!!!
 

 
Where,	Bt	=	benefit	at	time	t	(in	FCFA	or	FCFA/ha),	Ct	is	the	cost	at	time	t,	r	is	the	real	discount	
rate,	and	t	(0,	1,	2,…	to	20),	is	the	project	duration	T	in	years3.	In	general,	policy	initiatives	with	
positive	net	 present	 value	 should	be	 considered;	 the	 greater	 the	net	 present	 value,	 the	more	
justifiable	the	initiative.	
	
The	 analysis	 employ	 a	 time	 horizon	 (T)	 of	 15	 years,	 as	 this	 is	 a	 sufficiently	 long	 period	 for	
ecosystem	 service	 benefit	 to	 materialise,	 but	 also	 sufficiently	 short	 to	 mitigate	 significant	
uncertainties	around	changing	market	conditions,	etc.	We	assume	a	modest	discount	rate	®	of	
2%,	to	account	for	the	fact	that	inflation	has	not	been	factored	in	the	cash	flow	and	assuming	
that	the	IED	restoration	activities	have	been	financed	at	low	lending	rates.	
	
Costs	in	equation	1,	refer	to	the	project	implementation	and	management	costs	incurred	by	IED	
Afrique.	Quantified	monetary	benefits	 include	 enhanced	 carbon	 sequestration	 and	 additional	
forest	products	that	can	be	harvested,	consumed	or	sold	by	local	populations	as	a	result	of	the	
restoration	 interventions.	 	 The	 economic	 value	 of	 this	 environmental	 income	 is	 calculated	
following	equation	2:		
	

																																																																				
3	Sensitivity	analysis	may	be	conducted	to	determine	the	impacts	of	changes	in	the	discount	rate,	costs,	climatic	variables	and	
output	prices,	on	NPV.	But	this	is	outside	the	scope	of	this	assessment.		
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Equation 2                  Environmental income =  (p!q!)
!

!!!
−  (p!x!)

!

!!!
 

	
	
Where	 environmental	 income	 is	 given	 by	 the	 revenue	 (price	 p	 times	 quantities	 q	 of	 all	 n	
products	harvested)	 less	 total	variable	costs	 (price	 times	quantities	of	all	m	purchased	 inputs)	
employed	to	collect	or	harvest	the	products.	Variable	costs	are	assumed	to	be	negligible	in	this	
analysis,	 as	we	 do	 not	 have	 access	 to	 data	 on	 them.	 Information	 on	 prices	 and	 quantities	 of	
harvested	 forest	 products,	 have	 been	 obtained	 from	 secondary	 literature	 and	 a	 semi-formal	
interview	 with	 Mr	 Bocar	 Sall	 from	 the	 Senegalese	 department	 for	 the	 management	 and	
planning	of	water	 resources	 (Sall	 2017).	 Information	on	 the	 costs	of	 restoration	 interventions	
has	 been	 obtained	 from	 IED’s	 Afrique	 project	 documents.	 All	 data	 and	 assumptions	 are	
explained	in	chapter	3.		
	

Estimating	benefits	from	enhanced	carbon	sequestration	
The	Agriculture,	Forestry	and	Other	Land	Use	(AFOLU)	sector	is	responsible	for	approximately	a	
quarter	 of	 total	 greenhouse	 gas	 (GHG)	 emissions	 (Smith	 et	 al.,	 2014).	 At	 the	 same	 time,	 the	
AFOULU	sector	offers	considerable	carbon	mitigation	potential	 from	soil	carbon	sequestration	
and	the	avoidance	of	new	emissions	sources	from	fires.	
	
Estimates	 from	 carbon	 sequestration	 are	 calculated	 for	 each	 tree	 species	 reforested	 or	
regenerated	 using	 a	 combination	 of	 IPCC	 Tier	 1	 and	 2	methodology4	from	 the	 Good	 Practice	
Guidelines	 (IPCC,	 2003).	 Total	 carbon	 sequestration	 resulting	 from	 a	 particular	 land	 use	 is	
calculated	 as	 the	 aggregate	 of	 above	 ground	 and	 below	 ground	 carbon	 stocks,	 following	
equation	3	to	5.	
	

Equation	3.	GW	=	MAI	•	D	

Equation	4.		GTOTAL	=	GW	•	(1	+	R)			

Equation	5.		ΔCFL	=	[GTOTAL	•	(1	+	R)]		•	CF			

	
Where:	

GW	=	Average	annual	aboveground	biomass	increment	in,	tonnes	DM/ha/yr		

MAI=	The	mean	annual	increment5	(m3/ha/year)	

ΔCFL	=	Average	annual	change	in	carbon	stocks	per	hectare	in	living	biomass	in	forest	land,	tonnes	
C/year	

GTOTAL	=	Average	annual	biomass	increment	above	and	below	ground,	tonnes	DM/ha/year		
R	=	Root-shoot	ratio	of	0.31	for	woodland	(obtained	from	Myint	2017)	

CF	=	Is	the	carbon	fraction	(default	0.5)	of	tonnes	C	in	DM	

D	=	Basic	wood	density,	tonnes	DM/m3	

	
	

Finally,	the	annual	change	in	carbon	stocks	should	be	converted	to	units	of	CO2	equivalent	by	
multiplying	it	by	3.67,	which	is	the	ratio	of	the	atomic	mass	of	CO2eq	to	C,	respectively.	
	

																																																																				
4	Tier	1	uses	default	values	of	the	average	annual	increment	in	aboveground	biomass	(GW).	Tier	2	method	uses	country	specific	data	
to	calculate	the	gross	mean	annual	biomass	increment.	The	country-specific	data	is	often	linked	to	merchantable	volumes,	data	on	
biomass	expansion	factor	and	basic	wood	density.	
5	The	MAI	(Mean	Annual	Increment)	is	the	volume	of	wood	growing	on	one	hectare	of	forest	during	one	year	(m3/ha/year)	on	
average	since	the	forest	has	been	established.	For	a	tree	plantation,	the	MAI	is	the	present	total	growing	stock	volume	of	one	
hectare	divided	by	the	total	age.	
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Social cost of carbon 
The	benefits	from	the	mitigation	of	green	house	gasses	are	usually	valued	using	the	social	cost	
of	 carbon.	 The	 social	 cost	 of	 carbon	 (SCC)	 estimates	 the	 discounted	 value	 of	 the	 damage	
associated	with	climate	change	impacts	that	would	be	avoided	by	reducing	carbon	dioxide	(CO2)	
emissions	 by	 one	 metric	 ton	 in	 a	 given	 year	 (Anthoff	 et	 al.,	 2009).	 These	 damages	 include	
decreased	agricultural	productivity,	damage	from	rising	sea	levels,	and	harm	to	human	health.	
We	use	USD	37	(FCFA	23’000)	as	an	approximation	of	the	Social	Cost	of	Carbon	from	EPA	(2013)	
on	the	basis	of	damage	estimates	from	DICE,	FUND,	and	PAGE	 integrated	assessment	models.	
Recent	 studies	however,	 suggest	 that	USD	37	 is	 a	 very	 conservative	estimate	of	 the	 SCC,	 e.g.	
Moore	et	Diaz	(2015)	who	argues	for	using	a	SCC	of	USD	220/tonne	CO2equivalent.	
	

Estimation	of	benefits	from	fuelwood	collection	
With	the	exception	of	projects	(in	Dimal	and	Keur	M’Boucki)	where	fast	growing	timber	species,	
E.	 Camaldilensis	 and	 P.	 Juriflora	 are	 introduced,	 we	 assume	 that	 firewood	 collected	 in	 the	
reforested	areas	is	restricted	to	deadwood,	so	as	to	ensure	the	sustainable	forest	management	
of	the	reforestation	efforts.	
	
In	 practice	 however	 it	 is	 also	 feasible	 to	 prune	 trees	 for	 additional	 fuelwood,	 although	 this	
would	typically	compromise	the	availability	of	NTFPs.		Thus,	to	avoid	double	counting,	it	is	only	
the	contribution	of	deadwood	to	household	income	that	is	accounted	for,	for	all	but	the	2	exotic	
timber	species	considered	in	this	analysis.	
	
To	 estimate	 the	 quantity	 of	 deadwood	 collected	 by	 local	 population,	 we	 follow	 IPCC	 (2003)	
guidelines,	assuming	that	deadwood	corresponds	to	11%	of	total	available	woody	biomass.	As	
woody	biomass	is	a	readily	marketable	product,	we	use	the	farmgate	market	price	of	fuelwood	
to	estimate	its	value	(using	equation	2).	We	assume	that	fuelwood	sells	for	3.6	FCFA/kg	(similar	
to	the	fuelwood	price	in	Benin	(from	Westerberg	et	al.,	2017).	
	

3.	Tree-by-tree	data	inputs	
The	following	chapter	investigates	the	provisioning	services	provided	by	each	trees	species	that	
have	 been	 favored	 by	 IED	 Afrique’s	 interventions.	 Since	 only	 secondary	 literature	 has	 been	
used,	estimates	are	subject	to	uncertainty	and	does	not	account	for	all	the	locally	appreciated	
benefits	 that	 the	 interventions	 may	 be	 yielding.	 As	 explained	 above,	 we	 use	 a	 tree-by-tree	
approach.	The	net-benefit	of	a	given	project	is	therefore	a	function	of	the	area	occupied	by	each	
species	 and	 their	 respective	per	 hectare	benefits	 (see	 spreadsheet	 for	more	detail).	 The	data	
and	assumptions	used	is	summarized	appendix	1	and	2.		

Acacia	senegalensis		
Acacia	7 rabic7 	is	 a	 wide	 spread,	 Sub-Saharan	 tree	 legume,	 reportedly	 important	 for	 the	
sustainability	of	open	parkland,	agroforestry	and	alley	cropping	systems	 in	Sub-Saharan	Africa	
(Bationo,	2007).	A	7rabic7	grows	in	the	gum	belt	of	Africa,	which	stretches	from	Senegal	in	the	
west	to	Somalia	in	the	east	(CBI	2016).	Its	gum	is	internationally	traded	and	of	high	quality.	Gum	
Arabic	 is	 used	 in	 confectionary,	 beverages,	 pharmaceutical,	 artistic	 materials,	 printing,	 and	
pesticides.	 A.	 Senegal	 is	 also	 a	 source	 of	 fuelwood	 from	 older	 trees	 that	 no	 longer	 produce	
significant	or	good	quality	gum,	and	fodder	for	livestock.		
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Yields of gum Arabic  
Gum	Arabic	yields	are	variable,	with	average	yields	cited	between	150	g/tree	(in	FAO	1982)	to	
250	g/tree	(in	Boer	2002).	 In	Harmand	et	al.,	 (2012)	gum	production	varied	from	0.1	to	0.5	kg	
per	tapped	tree,	corresponding	to	50-250	kg/ha	with	a	density	of	500	trees/ha	(Harman	et	al.	
2012).	 These	 numbers	 are	 in	 alignment	 with	 Rahim	 et	 al.	 (2007),	 who	 has	 analyzed	 the	
evolution	 of	 gum	 yields	with	 trees	 age	 in	 the	 Kordofan	 state	 of	 Sudan	 (table	 2).	 Gum	Arabic	
from	cultivated	trees	typically	increase	up	to	the	age	of	15	years,	where	after	they	level	off	and	
then	begin	to	decline	after	20	years.	The	collection	of	gum	starts	 in	the	5th	year	after	planting	
and	continues	until	the	25th	year.	We	have	used	experimental	data	from	Rahim	et	al.,	(2007),	to	
estimate	potential	revenues	that	local	populations	in	Kaffrine	may	enjoy	from	the	harvesting	of	
gum	Arabic.		
	

Table	2:	Gum	Arabic	yields	by	year	

Production	of	gum	8rabic	
according	to	age	of	the	tree	

Gum	Arabic	yield	
Source:	Rahim	et	al.,	2007	

Harvest	of	gum	Arabic	
per	hectare	(assuming	
400	trees	per	ha).		

5th	to	9th	year	 0.12	kg/tree	 48	kg	
10th	to	20th	year	 0.4	kg/tree	 160	kg	
21st	to	25th	year	 0.23	kg/tree	 92	kg	

	

Gum Arabic prices 
For	 the	 purpose	 of	 valuing	 the	 benefits	 of	 enhanced	 A.	8rabic8	reforestation,	 prices	 of	 local	
traders	buying	from	collectors	in	Senegal	have	been	used.	In	Mujawamariya	and	Burger	(2012)	
prices	 range	 from	350	FCFA/kg	 to	900	FCFA/kg	depending	on	 the	season,	 the	 region	 it	 is	 sold	
and	the	quality	of	the	gum.		
	
Wood production for fuelwood 
Acacial	 Senegal	 is	 known	 to	 produce	 excellent	 fuelwood	 (Orwa	 et	 al.,	 2009)	 5-year-old	 trees	
have	been	reported	to	have	a	mean	annual	wood	volume	increment	of	5.4–5.9	m³	per	ha	per	
year.	 In	 gum	 plantations	 wood	 production	 is	 only	 0.5–1	 m³	 per	 ha	 per	 year,	 so	 as	 not	 to	
compromise	the	production	of	gum	Arabic	(Boer	2002).		
 
Protective functions (non-valued) 

Appendix	2 Senegal	 	also	 has	 a	 number	 of	 protective	 functions.	 The	 deep	 taproot	
and	 extensive	 lateral	 root	 system	 of	 the	 tree	 makes	 it	 effective	 in	 reducing	
runoff,	 increasing	 water	 infiltration,	 and	 trapping	 and	 stabilizing	 sediment	
(Barbier,	 1992).	 Problems	 of	 downstream	 siltation	 in	 water	 reservoirs	 are	
thereby	mitigated.	Other	ecosystem	services	include	the	fixation	of	atmospheric	
nitrogen	and	improved	soil	moisture,	which	contribute	to	restoring	soil	fertility	
and	increasing	crop	yields	in	agroforestry	(Ong	et	al.,	1996,	Ricome	et	al.,	2015).		

Acacia	Seyal	
Acacia	Seyal	is	native	to	Senegal	and	the	Sahel	region	as	well	as	parts	of	eastern	and	southern	
Africa	(Orwa,	2009a).	It	provides	a	lower	quality	gum	than	that	of	A.	Senegal,	but	is	a	source	of	
livestock	fodder	and	has	been	cited	as	the	preferred	choice	for	firewood	in	Senegal	(Kazzi,	M.,	
2016).	Acacia	Seyal	is	moreover	tolerant	to	flooding,	fire,	salty	soils,	and	high	pH	soils	(Orwa	et	
al,	2009a).	
 
Browse production 	
The	bark	 from	A.	 Seyal	 is	 extensively	 used	 for	 feeding	 cattle,	 sheep	 and	 goats	 during	 the	dry	
season	 in	 Sahelian	 countries.	When	 fresh,	 it	 is	 smooth	 and	 soft.	 During	 the	 dry	 season,	 thick	
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branches	are	lopped	and	animals	browse	the	bark	and	eat	the	leaves.	The	pods	and	leaves	are	
also	nutritious	and	palatable	to	livestock	(Orwa	et	al.,	2009a).	
 
Browse	product	 is	 influenced	by	factors	such	as	climate,	soil	type,	management	and	history	of	
exploitation	 by	man	 and	 animals.	 Leave	 and	 fruit	 production	 from	 the	 Sahelian	West	 African	
zone	is	reported	in	Otsyina	et	al,	ranging	from	0.7	to	3	kg	DM	of	leaves/tree/year	to	0.1	to	2.5	
kg	for	pods.	In	general,	fodder	production	from	trees	and	shrubs	differ	significantly	in	different	
ecological	 zones	 and	 according	 to	 tree	 density	 (Otsina	 et	 al.,	 1999).	 This	 study	 assumes	 an	
average	fodder	yield	(pods,	seeds	and	leaves)	of	5	kg/tree.		
 
Prices for fodder from acacia trees 
With	no	local	data	on	prices	for	fodder	from	acacia	trees,	we	have	use	estimates	from	Sibidé	et	
al	(2014)	obtained	from	the	market	of	Kona	in	Mali,	where	a	bag	of	fodder	from	F.	Albida		
weighing	15	kg,	is	sold	at	FCFA	35,	equivalent	to	2.3	FCFA/kg.	

 

Seyal Gum yield and price 
Seyal	gum	(talha	gum)	is	darker	and	inferior	in	quality	to	that	of	A.	Senegal	(gum	9rabic)	(Orwa	
et	al.,	2009).	Using	data	 from	Nour	et	al.,	 (2015)	 from	the	South	Korfodan	State	of	Sudan	we	
presume	 that	 the	average	yield	of	 gum	 talha	 is	33	gram	per	 tree	 (conservative	estimate)	and	
sells	at	the	same	price	of	gum	arabic.	

Acacia	nilotica		
Acacia	nilotica	is	native	to	Africa,	the	Middle	East	and	the	Indian	subcontinent.	Its	dry,	dehiscent	
fruits	are	highly	valued	as	fodder	for	pastoral	livestock.		
	

Browse production  
On	the	Borana	Plateau	in	Ethiopia,	Atsedu	et	al.,	(1994)	measured	fruit	production	from	mature	
trees	from	5	different	sites.	Fodder	yields	ranged	from	0	to	40	kg	Dry	Matter	per	tree	overall,	
with	an	average	of	5.3	kg	DM	per	tree	per	year,	or	650	kg	DM/ha	in	an	open	canopy	area.	We	
presume	 that	A.	Nilotica	 fodder	 sells	 at	 the	 same	price	 as	 fodder	obtained	 from	other	 acacia	
trees	(using	2.3	FCFA/ha	from	Sibidé	et	al.,	2015)	
	

Fuelwood 
Acacia	nilotica	is	also	appreciated	for	it	fuelwood	and	has	been	used	as	a	pioneer	species	in	land	
rehabilitation	and	as	a	barrier	 to	desertification.	The	Mean	Annual	 Increment	of	A.	Nilotica	 in	
planted	semi-natural	forest	in	North	Africa	ranges	between	12	and	15	m3/ha/year	(FAO	2006).	
We	use	a	working	hypothesis	of	13	MAI	with	approximately	150	trees/ha,	slightly	denser	than	in	
open	 canopy	 areas.	 Non-forage/timber	 uses	 include	 gum,	tannin,	 traditional	 medicine	 and	
vertebrate	poisons	(Tropical	Forages	2017)	
 

Anacardium	occidentale	–	Cashew	nut	
Anacardiu	occidentale	 is	cultivated	for	 its	nuts,	and	the	wood	is	also	popular	for	firewood	and	
charcoal.	Because	of	 its	extreme	tolerance	of	external	conditions,	 it	has	been	planted	 in	poor	
soils	 to	 check	erosion.	The	 tree	 can	adapt	 to	very	dry	 conditions	as	 long	as	 its	extensive	 root	
system	has	access	to	soil	moisture.		
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Yields of cashew nuts 
Trees	are	planted	at	a	wide	spacing	(6	to	10	m)	for	cashew	production.	 In	this	assessment	we	
assume	an	average	spacing	of	10	m	 (=100	 trees	per	hectare).	Trees	produce	 fruits	between	5	
and	 30–40	 years:	 one	 hectare	 typically	 yields	 between	 200	 to	 800	 kg	 of	 nuts	 depending	
weather,	soil	qualities	and	how	the	plantation	is	managed	(Westerberg	et	al.,	2017).	Following	
the	 planting	 of	 cashew	 trees,	 we	 presume	 that	 their	 yields	 are	 similar	 to	 that	 of	 newly	
established	cashew	plantations	in	Benin	(figure	1),	planted	at	an	optimal	spacing	density	of	10	x	
10	m	(from	Westerberg	et	al.,	2017).	
	
	

	
Figure	1:	Relationship	between	Cashew	yields	and	age	of	the	trees	

	(from	Westerberg	et	al.,	2017)	

	
	

Cashew nut prices 
With	no	local	data	available	on	the	market	price	for	cashew	nuts,	we	presume	that	cashew	nuts	
are	sold	for	an	average	of	600	FCFA/kg,	as	in	Benin	in	2016	(Westerberg	et	al.,	2017).	
	

Sterculia	setigera	
Locally	 known	 as	 Mbepp,	 Sterculia	 setigera	 is	 a	 member	 of	 the	 family	 Sterculiaceae,	 a	
multipurpose	savannah	tree	with	a	wide	ecological	spread	in	tropical	Africa.	It	is	found	mostly	in	
the	wild.	Sterculia	setigera	is	used	 in	traditional	medicine	 in	Senegal	 (Sall	2017)	and	 is	used	 in	
the	 treatment	 of	 severe	 diarrhea,	 dysentery,	and	 jaundice	 and	 as	 a	 painkiller	 (Zaruwa	 et	 al.,	
2016).	Analyses	of	S.	setigera	for	 their	nutritional	composition	has	 revealed	 that	 the	plant	has	
high	crude	protein,	fiber,	amino	acids,	minerals,	carbohydrate,	fat	contents	and	that	it	is	rich	in	
sodium,	iron,	zinc,	manganese,	vitamin	A,	B1,	B2,	B6,	B12,	and	E	(Noitang	et	al.,	2009)	
	
Without	data	on	the	yield	of	S.	setigera	pods,	seeds	and	leaves,	we	assume	that	the	production	
values	 are	 within	 the	 range	 of	 other	 tree	 species	 in	 West	 Africa	 (from	 Houérou	 1980	 and	
Baumer	1992).	On	 this	basis,	we	stipulate	 that	 the	each	 tree	yields	an	average	of	2	kg	DM	of	
leaves	and	50	kg	DM	of	pods,	7	years	after	planting		
	

Economic value of S. setigera seeds and leaves 
A	bag	of	S.	 setigera	 leaves	of	100g	DM	sells	 for	approximately	FCFA	25	 (=250	FCFA/kg	DM	of	
leaves)	 on	 local	 Senegaleese	markets	 (Sall,	 2017).	We	do	 not	 posses	 any	 data	 on	 the	market	
price	of	S.	Setigera	seeds.	However,	we	know	from	Idu	et	al.,	 (2008)	that	the	pods	have	a	high	
calorific	 value	 (7’000-	 8’000	 kJ/kg	 of	DM)	 in	 the	 order	 of	 that	 of	 from	 F.	 Albida	 trees	 (6’000-
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7’000	KJ/kg	DM)	(Bernard	2002).	Since	fodder	from	F.	Albida	trees	sells	for	2.3	FCFA/kg	(Sidibé	
et	al.,	2014),	we	use	the	same	price	to	infer	the	nutritional	value	of	S.	Setigera.		

Bombax	costatum		
The	 silk	 cotton	 tree	 Bombax	 costatum	 is	 found	 in	 Sahelian-Sudanian	 and	 Guinean	 open	
woodland	 and	 savannah	 lands.	 Its	 distribution	 is	 restricted	 to	 the	11rabic11t	 zones	 of	 West	
Africa	from	Senegal	to	the	Central	African	Republic	(from	Senegal	to	central	Africa,	from	Guinea	
across	Ghana	and	Nigeria	to	southern	Chad).	It	is	often	found	on	rocky	hills	or	lateritic	crusts.	It	
can	grow	up	to	25	m	high,	but	hardly	higher	than	6	m	in	the	sahel	(Orwa	et	al.,	2009c).	 It	 is	a	
true	multipurpose	 tree,	 providing	medicines,	 fibres,	 food,	 oil,	 timber	 (Tropical	 plant	 database	
2014)	and	it	is	particularly	appreciated	for	its	edible	calyx	(Achigan-Dako	E.	2009).	The	calyx	of	
the	flowers	is	used	in	‘futo’	or	sauces	and	the	young	fruit	is	cut	around	August	and	September,	
dried,	and	used	for	the	preparation	of	meals.		

Economic value of calyx 
The	 market	 value	 of	 calyx	 varies	 between	 750	 FCFA/kg	 and	 1000	 FCFA/kg	 depending	 on	
whether	they	are	sold	 in	the	dry	season	or	wet	season	(Ouédraogo	et	al.,	2014)	and	between	
400	 FCFA/kg	 to	 1000	 FCFA/kg	 for	 Bissap	 Calyx	 (Mady	 2010).	 As	 most	 calyx	 is	 typically	 sold	
shortly	after	harvesting	time	and	we	do	not	know	the	quality	of	what	may	be	harvested,	we	use	
a	conservative	price	of	300	FCFA/kg.	Under	 favorable	conditions,	3-5	kg	Calyx	per	 tree	can	be	
obtained	from	the	10th	year	onwards	(Boericke,	W.,	2013).	
	

Other services – Climate resilience, erosion control, fodder, medicine and Kapok (not 
valued) 
Leaves	highly	digestible	and	eaten	by	 livestock,	but	the	tree	regenerates	quickly	after	grazing.		
The	bark	 is	used	for	the	treatment	of	skin	diseases,	yellow	fever	and	headache.	 	The	tree	also	
serves	protective	 functions,	being	effective	 in	controlling	erosion	on	dry	 lateritic	 soils	and	 the	
leaf	 litter	 enhances	 soil	 fertility.	 Its	 tuberous	 roots	 act	 as	 water	 and	 sugar	 storage	 facilities	
during	long	drought	periods	–	a	valuable	service,	since	the	tree	is	well	adapted	for	agroforestry	
or	growth	nearby	settlements.	Bombax	costatum	is	also	valued	for	its	Kapok	(producing	5-8	g	of	
kapok	per	tree).	Kapok	was	formerly	exported	from	francophone	West	Africa.	Today,	the	fibre	
and	other	products	are	only	traded	locally.		
	
Regrettably,	the	species	is	said	to	be	disappearing	from	the	Sahel	and	Guinean	woodland	areas	
of	its	range	(Burkil	2004).	Excessive	harvesting	of	flowering	branches	contributes	to	the	decline	
of	the	species	(Orwa	et	al.,	2009c).	

Eucalyptus	Camaldulensis	
The	natural	habitats	of	Eucalyptus	genus	extend	across	the	Australia	mainland	and	some	species	
into	 New	 Guinea.	 Eucalyptus	genus	 is	 globally	 one	 of	 the	 most	 planted	 tree	 genera	 with	 an	
estimated	 15	million	 ha	 of	 eucalypt	 plantations	 worldwide	 of	 which	 over	 2	million	 ha	 are	 in	
Africa,	where	E.	grandis	and	E.	camaldulensis	are	the	most	planted	species	(Coppen	2002).	
	
E.	camaldulensis		is	used	as	pulp	raw	material	and	fuelwood,	as	well	as	sawn	timber	and	
reconstituted	wood	products.	In	Senegal,	E.	camaldulensis	is	mainly	cultivated	to	be	sold	or	
used	for	construction	poles	at	the	end	of	its	rotation	(Sall,	2017).	
 

Fuelwood and timber 
E.	 camaldulensis		 grow	 fast	 as	 an	 exotic,	with	 a	mean	 annual	 increment	of	 15	m3/ha/year	 or	
more	(FAO	1979).	Moreover,	a	thinning	from	an	initial	1000	stems/ha	to	less	than	700	stems/ha	
at	 5	 years	 provides	 posts,	 poles,	 fuelwood	 and	 pulpwood,	 leaving	 the	 better	 trees	 for	 the	
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production	of	poles	at	the	end	of	the	rotation	(Orwa	et	al.,	2009b).	We	therefore	assume	that	E.	
camaldulensis	is	thinned	in	year	5	and	6	for	fuelwood.	The	other	major	economic	output	from	E.	
camaldulensis	is	the	sale	of	construction	poles	when	they	are	cut	at	the	end	of	a	typical	rotation	
period	of	15	years.	One	pole	sells	 for	approximately	300	FCFA	 (Sall	2017).	 	The	density	of	 the	
wood	is	900-980	kg/m3	(Ugalde	et	Perez	2001).	
	

Prosopis	juliflora	
Prosopis	 Juliflora	 is	an	esteemed	 fuelwood	source	 in	 several	 tropical	 countries	and	valued	 for	
the	 shade	 and	 timber	 it	 can	 provide	 (National	 Academy	 of	 Sciences	 1980).	 Prosopis	 julflora	
grows	fast.	On	a	15-year	rotation,	the	expected	yield	is	75-100	ton	per	ha;	on	a	10-year	rotation,	
it	 may	 be	 50-60	 ton	 per	 hectare	 (NAS	 1980).	 Like	 E.	 camaldulensis	it	 is	 used	 principally	 for	
construction	poles	and	 fuelwood	 (Mwangi	and	Swallow	2005).	We	assume	 that	 thinning’s	are	
made	in	year	5-6	after	planting	and	that	the	trees	are	felled	in	year	15	to	be	sold	for	poles	(as	
above).	
	

Summary	of	data	and	assumptions	used	in	the	forest	benefit	analysis	
Table	A1	in	Appendix	1	provides	a	summary	of	the	key	parameters	influencing	the	economic	
benefits	from	the	restoration	and	reforestation	of	the	8	tree	species	considered	in	this	analysis.	
	

Project	Costs	
The	success	of	restoration	projects	 is	conditional	on	effective	stakeholder	participation,	buy-in	
of	local	populations,	state-of-the	art	knowledge	of	restoration	techniques,	training	and	capacity	
building	 of	 local	 actors	 and	 other	 elements.	 As	 such,	 there	 are	 significant	 costs	 above	 and	
beyond	 the	 actual	 costs	 associated	 with	 establishing	 nurseries	 and	 sourcing	materials	 inputs	
(seeds,	nurseries,	planting	tools,…)	for	the	restoration	interventions.	On	the	basis	of	IED	project	
documents,	the	present	value	project	 implementation	costs	for	each	of	the	4	projects	 ‘Dimal’,	
Mbeuleup,	Keur	M’Boucki	and	Kahi,	 are	 in	 the	order	of	between	FCFA	8	 to	20	million	 for	 the	
first	 2	 years	 of	 the	 interventions	 and	 the	 present	 value	 cost	 across	 the	 4	 projects	 is	
approximately	 FCFA	 48	 million	 (table	 1).	 A	 more	 detailed	 breakdown	 of	 the	 major	 cost	
components	for	each	reforestation	project	is	provided	in	appendix	2.		
	
	Table	1:		Present	value	cost	of	IED’s	4	reforestation	projects	in	Kaffrine	

Broad	cost	categories	across	all	4	projects	 FCFA	
Material	project	inputs	 18’859’000	
Awareness	raising,	education,	technical	training	and	support	 5’700’000	
Establishment	of	firebreaks	 1’182’500	
Other	(transportation,	enclosures,	zoning,	hired	labour,	surveillance	control,	hydrological	
works,	weeding	and	planting	management…)	 22’685’000	
Total	Cost	over	first	2	years		 48’890’500	
Total	Present	Value	Cost	 47’951’700	

	
4.	Results		
While	project	 investment	costs	are	 typically	 incurred	within	 the	 first	 years	of	an	 intervention,	
benefits	 from	 ecosystem	 restoration	 attain	 to	 the	 long	 term.	 In	 the	 following	 chapter,	 we	
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consider	 the	economic	 revenues	 that	may	be	derived	 from	the	 individual	 tree	species	used	 in	
the	reforestation	activities	and	the	project	specific	returns.		
	

The	value	of	environmental	income	
As	shown	in	figure	2,	most	provisioning	services	from	trees,	do	not	provide	visible	yields	until	5-
6	 years	 after	 the	 trees	 have	 been	 planted.	 The	 timber	 species	 provide	 the	 majority	 of	 their	
return	when	they	are	cut	for	merchandise	–	in	this	case	15	years	after	they	have	been	planted.	
The	figures	also	highlight	the	interest	in	mixing	species	that	yield	different	benefits	at	different	
moments	 in	 time,	 helping	 communities	diversify	 income	 sources	 and	hedge	against	 tree	 crop	
specific	risks.		
	

	
Figure	2:	Year-by-year	present	value	economic	benefits	from	8	different	tree	species	

	

Figure	3	shows	the	sum	total	 in	present	value	terms	of	 the	stream	of	benefits	 for	each	of	 the	
tree	species	analysed	over	15	years.	The	expected	returns	are	for	the	most	part	in	the	range	of	
400’000	FCFA	to	700’000	FCFA	per	ha	cultivated	with	a	given	species.		
	

	
Figure	3:	Aggregate	present	value	benefits	from	8	key	tree	species	used	in	IED’s	reforestation	

interventions	

	
While	not	 suitable	 for	 timber	harvesting,	 some	 slower	 growing	 species	 such	as	A.	 Senegal,	A.	
Occident,	B.	Costatum	and	S.	Setigera	may	provide	substantial	 revenues	 to	 local	 communities	
from	 the	harvest	 of	NTFPs,	 such	 as	 cashew	nuts	 and	 gum	Arabic.	Our	 estimates	 suggest	 that	
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such	revenues	are	in	the	order	of	400’000	FCFA/ha	planted	with	the	given	tree	species.	Indeed	
figure	3	suggests	that	the	majority	of	the	the	direct	benefits	from	the	trees	species	favoured	in	
IED’s	 restoration	 interventions	 derive	 from	 fuelwood,	 followed	 by	 timber,	 NTFPs	 and	 finally	
browse	forage	for	animals.	

The	value	of	carbon	sequestration	
The	 restoration	of	degraded	 soils	 and	 vegetation	 can	mitigate	 the	effect	of	 increasing	 carbon	
dioxide	concentrations	in	the	atmosphere.	On	the	basis	of	the	assumptions	outlined	in	appendix	
1	 and	 methodology	 in	 section	 2,	 our	 results	 suggest	 that	 IED	 Afrique’s	 recent	 reforestation	
investments	in	Kaffrine,	will	result	in	the	sequestration	of	an	additional	108’110	tons	of	carbon	
dioxide	 equivalent	 emissions	 over	 the	 next	 15	 years.	 Using	 a	 social	 cost	 of	 carbon	 of	 FCFA	
23’000	(USD	37),	the	global	benefit	in	terms	of	avoided	emissions	amount	to	FCFA	2	billion,	or	
approximately,	FCFA	24.7	million	per	hectare	reforested.			
	
Regrettably,	 till	 this	 date,	 there	 are	 few	 effective	mechanisms	 for	 such	 global	 benefits	 to	 be	
harnessed	at	the	local	level.	In	the	voluntary	carbon	market	for	example,	the	supply	of	carbon	
credits	 still	 exceed	 demand	 for	 these	 (Environmental	 Finance	 2016)	 and	 figures	 from	 the	
Ecosystem	Marketplace’s	 2017	 State	 of	 the	 Voluntary	 Carbon	Market	 report	 shows	 that	 the	
average	 carbon	price	 for	 afforestation/reforestation	projects	was	 in	 the	order	of	USD	8.1	per	
ton	CO2	eq	in	2016	(Forest	Trends	2017)	–	far	from	the	conservative	social	cost	of	carbon	of	USD	
37	used	in	this	study.	
	

Net	present	value	benefit	of	IED	project	interventions	in	Kaffrine	
Table	 5	 and	 figure	 5	 to	 8	 summarizes	 the	 present	 value	 project	 costs	 and	 benefits	 relating	
directly	to	the	4	restoration	interventions	 in	Dimal,	Mbeuleup,	Keur	Mboucki	and	Kahi.	As	can	
be	seen	 form	table	5,	potential	environmental	 income	to	 local	 communities	 is	 in	 the	order	of	
FCFA	 55’000	million	 over	 a	 15-year	 period,	 over	 and	 above	 project	 implementation	 costs	 (of	
47’000	 million	 FCFA)	 in	 present	 value	 terms	 (table	 5),	 leading	 to	 a	 NPV	 benefit	 of	 FCFA	 7.6	
billion.	Across	the	4	project	sites,	each	project	provides	multiple	revenue	sources	(from	timber,	
fuelwood,	 NTFPs	 and	 livestock	 feed).	 Overall,	 fuelwood	 account	 for	 42%	 of	 the	 potential	
economic	revenue,	construction	timber	for	32%,	livestock	forage	for	2%	and	other	NTFPs	(gum	
Arabic,	cashew,	etc)	for	another	24%.		
	
Additionally,	 it	 should	 be	 highlighted	 that	 since	 additional	 cash	 flows	 will	 enter	 into	 the	
economy,	 they	create	additional	economic	activity	 through	backward	and	 forward	 linkages	 to	
other	 sectors.	 Forward	 linkages	 for	 example	 include	 local	 traders,	merchants,	 carpenters	 and	
food	producers	who	are	engaged	in	further	marketing	or	enhancing	the	value	derived	from	the	
primary	forest	products.		These	linkages	generate	multiplier	effects,	whereby	the	total	impact	of	
smallholder	 production	may	 be	 amplified	 by	 10	 to	 20	 (GEF	 2009).	 	When	 accounting	 for	 the	
carbon	sequestered,	benefits	largely	exceeds	the	costs	–	leading	to	a	Net	Present	Value	benefit	
of	FCFA	2	billion	over	a	15-year	period	for	the	4	sites	in	Kaffrine.	
	
	
Table	5:	Net	Present	Value	(r=2%)	from	IED’s	reforestation	interventions	

	

Creation	de	
bois	de	village,	
Dimal	

Restauration	de	
la	forêt	
communautaire	
de	Mbeuleup	

Restauration	des	
berges	de	l’affluent	
du	Saloum	–	Keur	
Mboucki	

Restauratio
n	forêt	
classée	de	
Kaffrine	 Total		

PV	benefit	per	project		 	17’079’694	 	14’560’716		 	5’587’176		 	6’417’660		
		

54’641’375		

PV	cost	per	project	 -8’762’265	 -6’917’782	 -21’232’425	 -10’099’030	 -47’951’730	
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NPV		 	7’247’720		 	6’223’055		 	-16’652’984		 	-4’313’103		 7’629’873		
NPV	including	carbon	
sequestration		 	865’331’881		 	563’512’760		 	311’290’412		

	
269’565’495		

		
2’009’700’550		

	

	
Figure	4:	PV	Benefits,	PV	Costs	and	PV	Net-benefit	from	IED’s	reforestation	projects	in	Kaffrine	(r=2%)	

	

	

	
Figure	5:	Project	specific	PV	benefits	and	value	of	product	share	

	
For	 individual	 projects,	 such	 as	 Keur	Mboucki,	 the	 provisioning	 services	 do	 not	 outweigh	 the	
implementation	 costs	 (figure	 6).	 However,	 to	 the	 extent	 that	 this	 project	 aims	 to	 reduce	
salination	by	lessening	pressure	on	existing	native	vegetation,	farmers	will	enjoy	enhanced	soil	
fertility	relative	to	the	baseline	of	continued	soil	degradation	and	salination.	In	this	regard,	it	is	
worth	 recalling	 that	we	only	 provide	partial	 insight	 into	 the	many	ecosystem	 service	benefits	
provided	by	IED’s	rehabilitation	and	restoration	projects.	Other	important	benefits	derive	from	
cultural	 or	 regulating	 ecosystem	 services,	 such	 as	 soil	 stabilisation,	 nitrogen	 fixation,	
groundwater	water	purification	and	infiltration,	enhanced	biodiversity	and	tourist	activity.		
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Figure	6:	project	specific	PV	benefits	and	PV	costs	

	

	

	
	

Figure	7:	project	specific	PV	benefits	and	PV	costs	

	
	

5.	Caveats	and	perspectives	
This	 study	 is	 a	 preliminary	 and	 partial	 attempt	 to	 comprehensively	 assess	 the	 true	 economic	
value	of	the	ecological	restoration	and	rehabilitation	 interventions	undertaken	by	 IED	Afrique.		
As	such,	the	study	offers	several	opportunities	for	improvement.	Firstly,	the	current	analysis	has	
focused	on	species	that	are	known	by	the	corresponding	author	to	be	used	in	the	reforestation	
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efforts	by	IED	Afrique,	at	the	time	of	writing.	Inevitably	more	species	have	been	used	than	those	
accounted	 for	here.	 	Additionally,	 in	 relying	on	secondary	data	and	 literature,	 it	has	not	been	
possible	 to	 capture	 the	 full	 range	 of	 provisioning	 services	 provided	 by	 every	 tree,	 nor	 the	
accurate	yields	or	prices	at	which	the	good	sell	or	trade	in	local	markets.	
	
Therefore,	 a	 useful	 extension	 to	 the	 current	 study	would	be	 the	 roll-out	 of	 expert	 interviews	
with	 foresters	 to	 obtain	more	 robust	 estimates	 (and	 cross	 validations)	 of	 NTFP	 yields;	 village	
and	market	surveys	to	establish	local	prices	for	NTFPs,	timber	and	fodder;	and	forest	inventories	
to	gauge	the	‘additionality’	of	IED	Afriques	interventions,	in	terms	of	number	trees	planted	per	
hectare,	their	survival	rate	and	the	tree	species.		
	
Since	 the	 reforestation	 activities	 have	 started	 in	 2016	 or	 2017,	 the	 implementation	 of	
representative	 household	 surveys	 including	 forest	 enterprise	 budgets,	 could	 also	 be	 used	
establish	 a	 baseline	 of	 communities’	 actual	 environmental	 income.	 Provided	 that	 a	 follow-up	
survey	is	undertaken	some	5	to	15	years	from	now,	it	may	be	used	to	estimate	the	impact	of	the	
reforestation	 projects	 on	 overall	 community	 or	 household	 welfare.	 The	 impact	 assessment6	
should	ideally	be	designed	using	experimental	or	quasi-experimental	techniques	to	ensure	that	
any	potential	welfare	impact	can	be	attributed	to	the	interventions	themselves.	
	
Finally	 and	 as	 previously	 mentioned,	 the	 reforestation	 interventions	 evaluated	 here	 are	 also	
contributing	 to	 enhanced	 biodiversity	 and	 regulating	 ecosystem	 services	 such	 as	 water	
purification,	 groundwater	 infiltration,	 soil	 stabilisation	 and	 nitrogen	 fixation.	 In	 a	 more	
comprehensive	 study,	 hydrological	 services	 can	 be	 quantified	 using	 Soil	 Water	 Assessment	
(SWAT7)	or	Artificial	Intelligence	for	Ecosystem	Services	(ARIES8)	tools	and	further	valued	using	
stated	preference,	revealed	preference,	production	functions	or	avoided	cost	and	market	based	
valuation	methods.		

	
6.	Conclusion	
In	the	course	of	2016	and	2017,	the	not	for	profit	organization	IED	Afrique	has	begun	a	set	of	
reforestation	 activities	 in	 the	 region	of	 Kaffrine,	 in	 collaboration	with	 local	 and	 departmental	
authorities.	The	implementation	costs	of	such	regenerative	activities	are	not	negligible,	costing	
some	FCFA	48	million	for	4	projects	covering	some	82	hectares.		
	
While	 the	 implementation	 costs	 associated	with	ecosystem	 rehabilitation	are	most	 significant	
within	 the	 first	 years	 of	 a	 project,	 they	 are	 likely	 to	 yield	 long-term	benefits	 to	 communities,	
wildlife	 and	 overall	 ecosystem	 integrity.	 More	 uncertainty	 intervenes	 when	 estimating	 such	
benefits	 over	 a	 longer	 time	 horizon,	 e.g.	 due	 to	 unpredictable	 climates	 and	 changing	market	
conditions.	We	therefore	use	a	relatively	short	time	horizon	of	15-years	to	assess	the	economic	
values	from	the	reforestation	activities.	 In	doing	so,	we	find	that	reforestation	efforts	using	A.	
Nilotica,	B.	Costatum	and	S.	Setigera,	A.	occident,	E.	Cameldilensis	and	P.	 Juriflora	A.	Seyal,	A.	
Senegal	 species,	 can	 provide	 an	 additional	 FCFA	 55	million	 in	 environmental	 income	 to	 local	
communities	 through	 the	 enhanced	 availability	 of	 fuelwood,	 timber	 and	 diverse	 non-timber	

																																																																				
6	Impact	evaluation	is	an	assessment	of	how	an	intervention	affects	outcomes,	whether	these	effects	are	intended	or	
unintended.	A	proper	analysis	of	impact	requires	a	counterfactual	of	what	those	outcomes	would	have	been	in	the	
absence	of	the	intervention.	
7	http://swat.tamu.edu/	
8	http://aries.integratedmodelling.org/	



WORKING	PAPER	–	DO	NOT	CITE	

forest	products.	
	
The	value	of	these	provisioning	ecosystem	services	are	more	than	sufficient	to	offset	the	project	
investment	 costs,	 leading	 to	 a	 NPV	 of	 approximately	 FCFA	 7	 million,	 when	 using	 a	 modest	
discount	 rate	 of	 2%.	 If	 we	 had	 accounted	 for	 multiplier	 effects	 and	 changes	 to	 hydrological	
services	and	soil	fertility,	the	local	net-benefits	would	inevitably	have	been	several	folds	higher.	
From	a	global	perspective,	we	find	that	the	NPV	benefit	from	IED’s	interventions	exceed	FCFA	2	
billion,	 when	 accounting	 for	 enhanced	 carbon	 sequestration	 and	 associated	 avoided	 global	
damages.	
	
As	 such,	 this	 study	 has	 helped	 enhance	 our	 understanding	 of	 forests’	 role	 in	 climate	 change	
mitigation	and	local	economic	development	in	the	Kaffrine	region,	notably,	as	a	source	of	cash	
income,	 energy	 and	 food	 security	 that	 contributes	 to	 household	 welfare	 and	 livelihoods.	 As	
highlighted	 by	 FAO,	 CIFOR,	 IFRI	 and	 the	 World	 Bank	 (2016),	 such	 services	 are	 especially	
important	for	the	poorest	people	in	many	regions.		
	
Conclusively,	 it	may	 be	 argued	 that	 valuation	 efforts	 should	 not	 stop	 here.	 Research	 for	 this	
study	 has	 proven	 that	 readily	 available	 data	 on	 tree	 products	 and	 prices	 are	 scarce.	 In	 the	
context	of	the	2030	Agenda	for	Sustainable	Development,	better	socioeconomic	data	on	forests	
are	 needed	 in	 order	 to	 give	 adequate	 consideration	 to	 forest	 production	 and	 consumption	
benefits	 in	 conservation	 and	 policy	 planning.	 Better	 data	 may	 in	 term	 contribute	 to	 more	
targeted	 and	 cost-effective	 development	 policies	 for	 accelerating	 the	 achievement	 the	 Social	
Development	Goals.		
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Appendices	
Appendix	1	–	Summary	of	data	inputs	used	in	the	estimation	of	
environmental	income	and	the	value	of	carbon	sequestration	
	

Table	A1:	Summary	of	data	inputs	used	in	the	economic	analysis	of	forest	income	and	carbon	

sequestration	

Prices	 UNIT	 Estimate	

Fuelwood	 FCFA/ton	 3600	

Gum	Arabic	A.	Senegal	 FCFA/kg	 625	

Fodder	from	A.	Seyal	and	A.	Nicoltina	trees	 FCFA/kg	 2.3	

Price	per	timber	pole	E.	camaldilensis	 FCFA/pole	 300	

Price	per	timber	pole	P.	Juriflora	 FCFA/pole	 400	

Cashew	nuts	 FCFA/kg	 600	

Bombax	costatum	Calyx	 FCFA/kg	 300	

Sterculia	Setigera	seeds	for	fodder	 FCFA/kg	DM	 2.3	

Sterculia	Setigera	leaves		(medicinal)	 FCFA/kg	DM	 200	
	

NTFP	yields	 		 		

Gum	Arabic	yields		 		 		
5th	to	9th	year	 kg/tree	 0.12	
10th	to	20th	year	 kg/tree	 0.4	

21st	to	25th	year	 kg/tree	 0.23	
Gum	24rabic	A.	Seyal	 kg/tree	 0.033	
Fodder	yield	from	Acacia	Seyal	(by	the	5th	year)	 kg/tree	 5	

Fodder	yield	from	A.	Nicoltina		(by	the	5th	year)	 kg/tree	 5.2	

Yield	of	Acacia	nuts		 kg/ha	
Yield	=	-	50	+	68*year	–	
1.5*year2	

S.	Setigera	leaves	(by	the	7th	year)	 kg/tree	 2	

S.	Setigera	seeds	and	pods	(by	the	7th	year)	 kg/tree	 50	

Bombax	costatum	Calyx	(by	the	10th	year)	 kg/tree	 2	
	

Mean	annual	increments	(MAI)	 m3/ha/year	 5	

E.	camaldulensis	 m3/ha/year	 10	

E.	camaldulensis	 m3/ha/year	 15	

Anacardium	Occident	 m3/ha/year	 4.1	

Anacardium	Occident	 m3/ha/year	 5	

S.	setigera	 m3/ha/year	 4	

A.	Senegal	 m3/ha/year	 5.6	

A.	Seyal	 m3/ha/year	 5.6	

A.	Nilotica		 m3/ha/year	 13	

Prosopis	juliflora	 m3/ha/year	 20	

Other	 m3/ha/year	 8	
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Carbon		 	Unit	 		
CF	–	The	carbon	fraction	 tonnes	C/tonne	DM	 0.5	

R	–	Root	to	shoot	ratio	 dimensionless	 0.31	

DW	–	Deadwood	conversion	factor	 dimensionless	 0.11	
X	–	Conversion	factor	of	atomic	mass	of	C	to	CO2	equivalent		 dimensionless	 3.67	

D	–	Basic	wood	densities	
	 	D	–	Anacardium	Occident	 tonnes	DM/m3		 0.52	

D	–	A.	Senegal	 tonnes	DM/m3		 0.76	
D-	A.	Seyal	 tonnes	DM/m3		 0.68	

D	–	E.	Camaldulensis	 tonnes	DM/m3	 0.9	

D	–	Other	 tonnes	DM/m3		 0.7	

SCC	–	Social	cost	of	carbon	 FCFA/tonne	CO2	eq	 23000	
	

Appendix	2	–	Detailed	breakdown	of	reforestation	project	costs	
Table	A2:	IED	project	implementation	costs	over	the	first	2	years	of	the	project	duration		

	

DIMAL	–	Creation	of	fuelwood	in	the	villages	of	Dimal,	Gama,	Ngorhjilene	Mouride	and	Korky	
Bambara	in	the	department	of	Birkilane	 FCFA	

Equipment	and	tools	(rakes,	wheelbarrows,	cutting	torque,	forks..)	 1126000	

Inputs	used	in	the	reforestation	(seeds,	soil,	phytosanitary	products,	water	etc..)	 2900000	
Awareness	rising	within	each	of	the	4	villages	concerned	together	with	officials	from	the	agency	of	
forest	and	water	 400000	

Transportation	of	inputs		 400000	

Delineation	of	zones	to	be	restored	and	reforested	 1200000	

Hole	digging		 500000	

Support	for	the	planting	 2000000	

Establishment	of	firebreaks	 500000	

Total	Cost	 9'026'000	

Present	Value	Total	Cost	(r=2%)	 8’762’265	

	

MBEULEUP	–	Restoration	and	conservation	of	the	community	forest	of	Mbeuleup	 FCFA	

Equipment	and	tools	(rakes,	wheelbarrows,	cutting	torque,	forks	…etc)	 1126000	

Inputs	used	in	the	reforestation	(seeds,	soil,	phytosanitary	products,	water	etc..)	 2900000	

Awareness	raising	activities		 500000	

Transportation	of	plants	and	inputs	 400000	

Hiring	of	technical	agents	 1200000	

Identification	of	zones	to	be	reforested	 500000	

Construction	of	firebreaks	 500000	

Total	Cost	 7'126'000	

Present	Value	Total	Cost	(r=2%)	 6'917'782	
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KEUR	MBOUCKI	–	Reforestation	and	restoration	of	the	banks	of	the	tributary	of	the	Saloum	Inlet	in	
the	commune	of	Keur	M'bouck	 FCFA	

Equipment,	tools	and	inputs	 6881500	

Awareness	raising	and	education	 2920000	

Transportation	of	inputs	 250000	

Establishment	of	tree	nursery	 4800000	

Weeding,	planting,	management/maintenance	 5320000	

Other	 1700000	

Total	Cost	 21'871'500	

Present	Value	Total	Cost	(r=2%)	 21'232'425	

	

KAHI	-	Restoration	of	the	classified	forest	of	Kaffrine	in	Kahi	 TOTAL	
FCFA	

Educational	activities	 531000	

Awareness	raising	amongst	villagers	 1349000	

Establishment	of	enclosures			 2437500	

Small	equipment	(rakes,	wheelbarrows,	cutting	torque,	forks..)	 755500	

Larger	equipment	(donkeys,	wagons)	 200000	

Gardien	(paid	labour)	 1320000	

Plant	production	material		 2970000	

Plantation	 657500	

Protection	(firebreaks	and	weeding)	 182500	

Total	Cost		 10'403'000	

Present	Value	Total	Cost	(r=2%)	 10'099'029	

	


