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Abstract

This paper examines the relative effidency of afforestation and agroforestry options in carbon sequestration using the
COMAP madd. The end use scenario which considers the wood neads of the country is adopted. The wood needs projected
o year 2030 were usd to edimate the land area required to proseaute the projects The cgpahility far carbon sequestration
and the various cods and bendfits of exeauting the two options were estimated Items monetized include land, labour,
seding, product unt and tomes o carbon. Beegt for sawlog plantation, the carbon pod (sequestered) unde
aforetation is ongstently higher than for agroforestry programmes in the modd runs The resuts showed that
afforetation programmes can pool about 175.2 tC/ha compared to 1314 tC/ha in agroforestry. The total carbon dored in
aforegation was about twice tha of agrdforestry. The figures are 6386 and 316.6 MtC for afforestation and agrdforestry,
respecively. The study concludes that based on carbon flov pattern only, aforesiation woud be more rewarding if equal
land area is used for bath forestry programmes Howeve, because of the other benefits derivable from agroforestry prgeds
such as improved sal fertility and the fad that greater opportunity for ruming agroforestry prgeds exig in pradicd terms
in the country, a mix o the options is recommended for implantation dependng on wood products targeted as well as the
ecological zone for which the prgect isbeang planned.
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Introduction

Scientists are strongly anticipating significantaides in gbbal climates. These are
inked in part, to the increasng concentration gnpeenhouse gases (GHGs) such as
CHs, CFCs, S@ and particularly CQ n the atmosphere. The increasing

concentraton of these gases n the envronmeitaseable kargely to the bumning of
fossil fuels and biomass (Watsehal. 1990). The gases lock in heat within the earth-
atmosphere system forcing the temperatures of dneus parts of the earth’s surface
to rise significanty higher than previous levetsyd as a resuk bring about marked

alterations in the estabished climatc and weatharacteristics of the different areas.

The proected changes in clmates are already riasgito manifest in some parts of
the gbbe (e.g., Adepwoet al. 1990) and are expected to mpact widely on théhsar
biophysical systems. This wil in turn, impact aggpably on socio-economic activites
of the various communities (IPCC 2001). The laiepact may range from a forcing
of changes n agricuttural regmes in areas witld roimatic shits to extensive loss
of life and property in others that may experieméreme weather condiions as a
result of the changes. The global community isemsingly concerned about these
changes and their associated impacts, and resedfiath is being directed at them
particularly through the actvites of the Inter8omental Panel on Climate Change
(IPCC). Two main categories of nterrelated redeaand action paths are being
pursued in addressing the cimate change issues:
i Development of coping and adaptation strategiestifer anticipated change.
This is intended to help communites Ive with tlebanges which are
expected to be permanent when they become estabish
i. Control of the process of change and reversinchef doserved trends. The

goal of these efforts is to hold back the processfeshange by restraining

anthropogenic emissions of greenhouse gases aedgtening the natural

greenhouse gases ‘cleaning” processes.
This paper focuses on the latter. The objectivahef paper is to assess the rektive
cost-effectiveness of afforestation and agrofoyeschnigues in reducing atmospheric

carbon n Nigeria.
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Foredry Managementin Nigeria

The dominant forestry management practces n Migéil into three man groups:
agroforestry, reforestation and forest protectiery.( Adesina et al 1999). In this paper
the afforestation and agroforestry options have nbeelected for consideration.
Afforestation has a long history in Ngeria dating far back as the colonial era and is
st widely used by the Nigeria's Forestry Depatin for economic and
environmental purposes. Afforestation involves tplanting of trees wih desrable
characteristics such as fast growth rates and fbgtler and timber yielding usualy in
lrge estates. The sies could be marginal losaiach as degraded lands that cannot
be used for food crop production. They coudd alsoakeas of good sois acquired by
the government for the purpose of afforestationomé& of the common afforestation
species includeTectona grandis, Gmdina aborea, Entandrophragma cylindricum, and
Terminalia superba. In terms of products, afforestation may be geamdards
fuelwood production as is common in the Sudan sevdrelt or coud be pursued for
timber. In the semi arid areas of Northern Nigetile goal could be primariy

ecological to curtail the southward expansion ef 8ahara desert.

The widespread use of agroforestry as a testedtfici@pproach in Nigeria 5 fairly
recent. However, its fundamental princples are cahpletely new to local farmers
(Adesina 1991). In the face of a rapidly growinguydation that makes it impossible to
continue with the use of rotational bush falowiragroforestry is becoming more
acceptable to many farmers as a lnd managemdmiciez The techngue nvolves
purposeful retention or introduction of trees dneotwoody perennials in food crop or
anmal production fields to beneft from the remit ecolbgical and economic
nteractions (MacDikicken and Vergara 1990; ScheoetP93; Adesina 1990).

Four varieties of agroforestry practices are comnmorNigeria. These are (i) the
taungya system in which food crop cutivation ic@maged in sites plnted to trees.
Cropping continues until the canopy of the treed an their increasing root volumes
which may come near the surface make crop growfiouli (i) the aley cropping
which nvolves growing of food crops in alleys betm rows of leguminous trees
(Wilson and Kang 1981); (ii) enrched short faklwnwohing the plantng of falows
with fast-growing species to speed up the procéssobrestoration during the fallow

period and (v) forest floor farming in which cemtacrops such a®iscorea spp. and
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Xanthosoma spp.are raised under natural or planted forests (Ade<i988).

Nigeria, with a land area of about 924,000%kand a projected population of 115
milion n year 2000 (NPC 1991), is a domhant @ofliical unt n Africa. By virtue

of its huge population that s about one fifth bé tcontinent's, and the high propensiy
of its people to consume biomass and fossi fuefefd s a major driver of
environmental change n the continent. Substartig@ase of green house gases ako
comes from gas flaring in the nation's ol fields the Niger delta.

The country spans five main ecological zones - hangrove, Rainforest, Guinea
savanna, Sudan savanna and Sahel savanna - fro@ulhef Guinea in the south to
the southern Imi of the Sahara desert in the hnofithese ecobgcal zones are
differentated mainly by the volumes of precigiatithey receive on an annual basis,
and therefore, the richness of the flora they stippo They provide varying

opportunities for forestry activities in the coyntr

Method

The Comprehensive Mitgaton Assessment ProcesseM@OMAP), developed at
the Lawrence Berkeley Laboratory, USA (Sathayeal., 1993) was employed in the
analysis presented here. The model & designedotoprehensively assess the
potentiak of the forestry sector of a country Imate change mitigation. Various
considerations of land requrement and wood predwugmand are included in the
model. The demand-driven, end-use approach, wtakles into consderaton the
requirements for nd and wood products n a gsamtry, is adopted. It is assumed
that suitable lands are avaiable for the treetip@rprogram, the availbility of such
lnds being driven by the wood products needs ef ¢huntry over a planned or
proected period. The extent of the land requrdénfen such period was calculated
outside the model but used as input in the moddde(ld Country Study Program,
1996, Siyanbolagt al. 2002). The end-use approach recognizes the tifiatt most
developing countries like Nigeria are still deftires because of ther dependence on

wood products.

Two scenarios were developed and evaluated. Thesedescribed as baselne and

mitigation scenarios. The baseline or “businessusagl scenario” assumes a situation
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where deforestation is alowed to proceed in thealusnanner wihout any delberate
effort to reduce carbon emission. On the other ,hahd mitigaton scenario
conceptualzes a situation in which there is aneldneffort to reduce deforestation and

enhance carbon sequestration.

In running the model, the land requirements for yéars (1990 to 2030) for the

afforestation and agroforestry programmes basedhenprojected demand and supply
of the various wood products are estimated. Thaeqtions adopted are those

provided by Op (1994). The land areas that vél &vailable for the projects are

bbcated in the various ecological zones but areenextensive in the savanna areas of
the middle-belt and northern parts of the countiyive wood products are considered
to adequately represent the wood needs of the rgoufbhese are fuelwood, poles,

pubwood, sawlbgs and veneer. The cost-effecdgnadicators were evaluated from
the cost of running each of the afforestation agobfarestry optons and the expected
benefits from the programmes.

Cost of land in Nigeria ranges from as low as $2%hthe hinterland (with very low
population densties (NPC, 1991)) to more thanOB0Ha in metropoltan towns like
Lagos, Abuja and Port Harcourt. The cost of thesteland in the northern savanna
bet which would be used for fuelwood plantatonswestimated to be about $100/ha.
The cost of wastelands n the forest/woodland megiwhich would be used to produce
the other four wood products is estimated at $#25M he required land area for each
wood product based on the demand and supply poojeist shown in Fig. 1. The

same location of wasteland is taken for both eftateon and agroforestry.

The tree species considered for the proects amsethwhich have desrable
characteristics such as fast growth rate, good wpailty and abiity to supply the
various wood products. The third parameter is quiatly important as a tree may
have high wood qualty, for examplke, but may not &gtabe for a product like

veneer.

Deermination of Carbon Pool and Cost Effectiveness Indicators
In the model, the stored carbon is obtained froomin (1):
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Carbon stored/ha/year = Land carbon + Product marbo (D
Where
Land carbon = Vegetation carbon + Soil Carbon +dbgaosing (2
matter carbon

= @T/2 + CZT + Cy't/2
and
Product carbon ZCp* n; /2 3

Land Area Required
('000 ha)

Fuelwood Poles Pulpwood  Sawlogs Veneer
Wood Product

Fig. 1. Land area required to meet wood product needsgeridi (1990-2030).

where G is the average annual net carbon sequesteredap€ Is the increase in soil
carbon, G the average annual carbon kft to decomposejsGpe amount of carbon
stored n product; T, rotaton period; t, deconfpwsiperiod and jnlfe of product.
The total carbon stored (tC/ha) s the sum of leawbon and product carbon, and thus
the carbon pool is determined from the product arban density (tC/ha) and land area
(ha). The determination of product carbon is bage®5% of the carbon stored on
lnd and t s hcluded in the calculation to pr@van overestimation of the unit costs
(Dixon et al. 1991). The cost effectiveness of conserving aaib expressed in the

net present value of benefts (NPV) and Beneft Réducing Atmospheric Carbon
(BRAC). The BRAC indicator is embedded in the apsheet model and its values
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are determined by the discount rates.

Results and Discussion

Initial cog of establishment

The inital costs of tree establshment are presemh Table 1. Figures on tree
estabishment were derived from data provided kateSt Ministries of Agriculture and
the Federal Department of Forestry. The intiatoof land include costs of land and
lnd preparation, and purchase and planting ofiisgedAkthough the density of trees
n afforestation is about twice the ones in agestmy, the costs of establishment are
not too diferent. To estabish a sawlbg farm undforestation with a density of
1700 stands per hectare, $395 wil be needed whereastabish the same type of
farm under agroforestry at a density of 425 stgpaishectare, $335 is needed.

Table 1. Carbon pool and total benefits for the di€rent wood products for the two

mitigation options

Fuelwood Poles Pulp Sawlog Veneer
Affor Agro Affor Agro Affor Agro  Affor Agro Affor Agro
estati forest estati forest estati forest estati forest estati forest

on on on on on

Carbon Pool

(tC/ha)

Baselne 672 672 980 980 133.0 1330 133.0 1330 133@63.01
Miigation  93.1 79.6 187.3 1280 172.2 1496 331.0 2244 393884.3
Costs (Yha)

Inial Cost 4950 344.0 520.0 3350 513.0 3350 0.2 3350 4550 335.0
Total Cost 655.0 5040 680.0 6230 673.0 6280 06806230 6150 620.0
Benefits($/ha)

Baselne 150.0 150.0 200.0 150.0 200.0 200.0 200.0 200.0 .020@00.0
Miigation 6520 2191 667 1589 2069 2211.0 468 342879.0 1511

Carbon pool, initial costs and benefits
Table 2 shows the carbon pool for the different dvgooducts as well as the total

costs and benefits under each mitigaton program.the baseline scenario the values
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under the afforestaton and the agroforestry progreare the same for each wood
product whereas under the miigation scenarios viled products n afforestation
consistently stored larger amount of carbon thanagmoforestry. For example,
fuelwood has a carbon pod of 93.1 and 79.6 tChaafforestaton and agroforestry
practices, respectvely. The highest pool of carbvoas recorded with respect to
sawlogs but as in the case of fuelwood, afforestadiored more carbon (399.6 tC/ha)
than agroforestry (344.3 tC/ha)

Table 2. The initial de nsity oftree s and initial establishmentcosts
Affore station Agroforestry

Wood Rotation No oftre es| Initial No oftre es| Initial cost
Product Period (yrs) ha cost($) | ha (%)
Fuelwood 7 1700 495 850 344
Poles 15 1700 395 425 335

P ulp 8 1700 388 850 335
Sawlbg 30 1700 39%5 425 335
Veneer 40 850 330 425 335

The total benefits under baseine and mitigatioanados are ako presented in Table
2. The benefits were derived based on varousidemations. For instance, under
fuelwood afforestation it was assumed that theralldvbe breakages of branches due
to wind storms from the fourth year of plantng atmdt as much as $ worth of
fuelwood per hectare would be realized from thigt the tme when the plantation

wil be clear-felled about $875 worth of benefisowkd be realized per hectare. The
year 2030 coincides with the fith year of plantiagd if the plantation is clear-felled

t 5 estmated that two-thirds of the wood thatuldonormally be obtaned at the end
of the seven -year rotaton period, would be abtgila

For the pole products under afforestation, it imeged that as much as $5 would
accrue from thinning as from the 4th year. Outthaf 1700 tree stands about 50%
would be thinned at 10 years as small pokes arnivdod. These are estmated to be
capable of gving benefits of $531 and $106 perdnec respectively. At the end of
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each rotaton of 15 years, it is estimated thatutal®i750 would be reaized from
pokes. At each clear feling for poles it is assdnthat 20% of the harvested trees

would end up as fuewood.

At the end of the rotation period of eight yearghe pulpwood plantation about $2250
would be realzed with a pole seling for $1.50. Amdditonal benefit worth $510
would come from fuelwood resuting from 20% off-ciabm the harvested trees. For
the sawlogs, the 1700 tree stands n the plantatibrbe thinned by 40% at 10 years
of planting to gve $425 as benefit Also anotiienning by 40% of the remaining
tree stands would be done at thd ¥Bar of planting to fetch $225 and at th& 96ar
about 65% of the remaining stands wil be harvestetétch $250. At the end of the
rotation, ie., at age 30 years, 200 stands waeidan folowing standard forestry
practces in Nigeria. This wil gve a benefit $,000 at $7 per cubic meter assuming
that each stand produces an average of 3.6 culbersnaf sawlg. As before, during
cutting t s assumed that 20% of the tree hardesteuld be available as fuelwood.
This was estimated n cords. Our field obsenatidhow that on the average,
fuelwood & sold in cords at $0.625 per cord inabentry.

Of the 850 trees in the veneer plantation, 625dstamould be removed at age 15 to
give pokes that would fetch $1375 and fuelwood labuh $70 per hectare. Ako at age
20, the number of trees that would be removed wbald225. It is estimated that
$1313 would accrue from the poks per hectare aptivbod would fetch $70 per
hectare. At the end of the 40-year rotation itestimated that 200 stands would be left
and when there & clear feling it was estimateat 5,000 worth of benefits would
come from timber. There is addtional benefit frdnewood (20% contribution from

trees on clear feling) estimated at $125 per hecta

The same estimates as above were made in the ragtofooption. The average
returns from a hectare of maize plantation wasnastid at $405 using farm-gate price
obtained from the Nigerian Agricultural Bank.  Iruroconsideration for fuelwood
agroforestry, it is assumed that this amount walildp by 25% by the ™ year.
Therefore, a figure of $300 was adopted as thee vafuthe benefit coming from the
maize planted in the agroforestry fields. Under tioes, pulp, sawlogs and veneer

agroforestry, it is assumed that the productvkynmize wil decrease to about $205



per hectare as the sizes of the agroforestry imesmase.

Cost and bendfitanalysis

Assumptions made in calculang the cost and Ueneffi the options include
availabilty of suitabke land to impement the ops, the choice of appropriate option
for each ecozone and the selection of sutableiespaf trees to be planted. Figs. 2
and 3 display the NPV of benefts for the affaish and agroforestry options,
respectively. The trends are the same but highdes of NPV of benefits are
estmated in agroforestry than in the other optiorilhree discount values were
considered in estimating the costs and are showhaies 3 and 4; these are 0%, at
8%, and at 12% discount rates. Twelve percent WwasWorld Bank lending rate and
8% represents a realistic rate between the Worltk Bending rate and at no discount
at all At 0% discount rate the values under foelivplantation the NPV is $101.9
and $74UtC for the afforestaton and agroforespyogram, respectively. The
respective NP Vs per hectare are $2634 and $9225.

NPV of Benefits
($/tC)

Fg&l ood Poles Pulpwood Sawlogs Venegr

Fig. 2: NPV of benefits for afforestation option
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NPV of Benefits ($/tC)

Fuelwood Poles Pulpwood Sawlogs Veneer
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NPV of Benefits
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Fig. 4. Endowment ($/tC) at 8% discount rate fdoraktation (Af) and groforestry

(A9)
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Fig. 5: Benefits of reducing atmaospheric carbon ABR for each wood product
under afforestation and agroforestry options
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Table 3. Cost Effectiveness Indicators for the Affestation Option at 0, 8 and

12% discount rate s

Land Pre sent Value
area Discount ofCost

Wood re qd. rate s NPV of Be nefits (Endowme nt) BRAC

product (‘000 ha) (%) $HC  $ha $IC $/ha $/MC-yr

Fuelwood 4,489.5 0 1019 2634 75 1950 7.64
8 476 123 33 848 0.36
12 1.5¢ 41 25 641 0.1z

Poles 757.2 0 4476 3995 27 2438 3.36
8 1.09 98 12 1059 0.08
12 0.00 0.00 9 801 0.00

Pulpwood 58.1 0 3535 13863 62 2438 26.52
8 5 772 27 1059 1.48
12 19.69 289 20 801 0.55

7.37

Sawlogs 1,956.4 0 3121 6181 1231 2438 2.34
8 0.22 45 5.35 1059 0.02
12 -021 41 4.05 801 -0.02

Veneer 244.5 0 2496 6566 2.17 2438 1.87
8 0.17 45 4.03 1059 0.01
12 -0.1F -3¢ 3.0t 801 -0.01

Table 4. Cost effectiveness indicators for the agfore stry* optionat 0, 8 and

12% discountrate s

Land Pre sent Value
Area Discount ofCost

Wood Reqd. Rates NPV of Be nefits (Endowme nt) BRAC

Product (‘000 ha) (%) $HC  $ha $/HC  $/ha $HC yr

Fuelwood 4,489.5 0 741 9225 157 1950 55.61
8 61.66 767 68 848 4.62
12 28.9] 36( 52 641 2.17

Poles 757.2 0 152 5939 63 2438 11.42
8 1052 410 27 1059 0.79
12 4.87 190 21 801 0.37

Pulpwood 58.1 0 6781 11263 147 2438 50.85
8 4489 746 4 1059 3.37
12 1915 318 48 801 144

Sawlogs 1,956.4 0 2181 19930 27 2438 16.36
8 5 1289 12 1059 1.06
12 1411 569 9 801 0.47

6.23

Veneer 244.5 0 46.99 9928 12 2438 3.52
8 202 426 5 1059 0.15
12 0.82 174 4 801 0.06

* Food crop combination: Zea mays (maize).
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The Present Value of Costs (Endowment) is the suestablishment cost and al the
discounted value of all future investment and theuming costs during the ifetme of
the propect. For the two options and using a digcaate of 12%, the different
endowment requirements were $641.00/ha for fuelwdaedtation and $801.00/ha for
each of poks, sawlogs and veneer wood plantatofsis gives a weighted average
of $725/ha. In terms of carbon sequestered, howdwerendowment costs range from
about $3/tC for veneer wood plntaton to about/t$25or fuelwood plantation, wih

a weighted average of $15tC for the plantationsetbaon afforestation option (Table
3). The range in agroforestry option 5 quite dife (Table 4). The values are from
$RC for veneer wood to $157/tC for fuelwood. Fg.shows the endowment at 8%

discount rate for the two options.

Ben€fit of Reducing Atmospheric Carbon (BRAC)

BRAC expresses the NPV of a project per unit ofogpheric carbon reduced. Rather
than measuring the reduction of net emisions ptucas the atmospheric resident time
of carbon. BRAC values are incuded in Tables 8 4n In additon, Fig. 5 shows
BRAC estimates for the five wood products and theo tforestry options at 8%
discount rate. For afforestation, BRAC & highest pulpwood at $1.48tC at 8%
discount rate. It is highest for pupwood underofmestry $5.944C.

Choosinga mitigation optionfor Nigeria

In deciding to adopt a particular option for mitige, a useful exercise is to rank the

options in terms of a wide range of parameters.legab and 6 provde summaries of

such parameters that can be used in the rankingTalold 7 shows the outcome of the
ranking. The ranking s based on the perceiveénpats of the benefts which each

option can provide. The whole process takes intsideration national environme ntal

mpacts and socio-economic benefits.

Considering carbon flow alone, afforestation is better option with a carbon pool of
17520 t Cha compared to agroforestry with a digwf 131.4 t Cha. |If
approximately 7.5 x POha of wasteland could be used exclusively forraffiation,

Nigeria would meet all her required domestic woceeds as well as reduce
significantly the net carbon emission over the dé@ryperiod of progction.
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Table 5. Estimate d costs and stored catbon unde rfafe station

Land NPV of Carbon pool Annual

area Unit Cost benefts BRAC (mitigation) incre mental Total carbon
Plantation (‘000ha) ($/ha) ($1C)  ($/ha) $iHC-yr  (tC/ha) carbon stored (MtC)
Fuelwood 4,489.5 527.00 20.00 123 0.3 93.1 2.90 1116
Poles 757.2 516.00 6.00 98 0.0 187.3 1.69 67.6
Pulpwood 581 496.00 13.00 772 14 172.2 0.06 2.3
Sawlogs 1,956.4 516.00 2.60 45 0.0 331 9.68 337.4
Venee 244.! 476.0( 1.8( 4= 0.C 399.¢ 1.6 65.2
Total 7,505. 521.10* 1.34* 102.6* 0.19* 175.2* 1%9 638.6*
* Wephted average vales at 8%
Table 6. Estimate d costs and stored carbon under Agfo re stry
Plantation Land NPV of Carbon Pool Annual

area Unit Cost benefts BRAC (mitigation) incre mental Total carbon

(000ha) ($/ha) ($1C) ($/ha) $HC-yr  (tC/ha) carbon stored (MtC
Fuelwood 4,489.5 333.00 27.00 123 0.3 79.6 1.40 8055.
Poles 757.2 353.00 9.00 98 0.0 128.0 0.57 29.50
Pulpwoor  58.1 323.0 19.0( 77 1.4 149.¢ 0.0z 0.%
Sawlogs 1,956.4 323.00 400 45 0.0 244 4.47 arzs.7
Veneer 244.5 338.00 2.00 45 0.0 344.3 1.29 51.60
Total 7,505.7 332.50* 18.31* 102.6* 0.19* 131.4* 75 316.56*

* Wephted average values at 8%



Table 7. Parameters for ranking the mitigation optons

Mitig ation Indices Affore station Agrofore stry
+  GHG saving or storage
Carbon Podl (tC/ha.) 175.2 131.4
Mean Annual Incremental Carbon
(MtC/ha-yr) 15.96 7.75
+ Initial cost
$/ha 521.10 332.50
$IC 13.4 17.20
Net Present Value of Benefit
$/ha 102.6 1413.6
BRAC ($tC-yr) (weighted average) 0.19 3.13
« Indirect economic impact
- Jobs creation (#) Medium High
- Reduced mports (US$) High Medum
« Natonal environmental impacts (net
change) Medium Medum
Biodiversity High Medum

Control of Desertification
Erosion Control Medium Medum

- Other environmental impacts

- Potential ease of impkementation Medium Medum
« Sustainability of option Low High
« Consistency with national goals High High

« Uncertainty of data Low Medum

« Equity Considerations

Impact on
- Low income jobs High Medum
- Low-income monthly expenditure Low High

Note that the exchange rate as at 1990 was—$1=N 8

The incremental carbon of 15.96 MtC/ha/r in afétedion is about twice the value obtained
from agroforestry, which suggests that afforestatias a greater potental for mpacting on
carbon reducton in the atmosphere than agrofgrestpecialy in the eary stages of the
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project when it carries more biomass than agrdigres However, n this exercise, the same
land areas have been used for both agroforestryafiockestation. If a larger area of land is
commited to agroforestry, which is a possibiity enany of the current practices can be
tuned towards agroforestry (Adesirh al. 1999), agroforestry would turn out to be more
effective in carbon pooling. Most of the farmland the country with the exception of

swamps and flood plains is suitable for food crgmfarestry. This land area is estimated at
about 35 milion hectares (FAO, 1992). Even if wssume that only 50% of this wil be

used for agroforestry, something close to thredsfalf the estimate of total carbon stored
made in this study can be got from agroforestry.shbuld be noted that this carbon retums
are in addiion to the benefits expected from thedfcrops that wil be produced under the
agroforestry system. Thus agroforestry appeardetothe better land management opton
avaiable for climate mitigation in Nigeria.

In general, wherever tree establishment is importagroforestry offers a good opportunity
for participation by the small-scale farmers wherape at the grassroot levels, the aggregate
impact of whose activties cannot be pushed asdeerms of their impication for the
environment. In Nigeria as h many other devebprmintres, local farmers do not always
want to engage in tree planting because its econoatirn comes in the medum to long
term, often considered too long to meet the imnbedénancial needs of the farmers.
Agroforestry techniques however ensure that thendarcan get reasonable benefits from his
foodcrop husbandry whie he waits for the bendfien the trees (e.g. Adesina 1991). Thus,
in the context of climate change mitigaton whereet plantng is expected to play a
dominant role in terms of carbon sequestrationpfagstry offers an attractive option for
encouraging local participation by the small-sctdemers.

Re comme ndations and Conclusions

The analysis of the forestry sector as presentegeashows that the sector has a significant
roe to play in climate change mitigation in Nigeri Afforestation in partcular has a great
potential for carbon storage and meeting the woedds of the country. It is also very

relevant for biodiversty preservation. The modelehows agroforestry to be kss efficient in
carbon storage gven the same area of land butapipeoach has many other benefits as
dscussed above. Besides all these, the carbagestan agroforestry wihin the country can

be increased if the approach i encouraged owmgerlarea of land.

Although afforestation is more efficent than agrektry n the volume of carbon stored per
unit land area, both approaches are relevant degead the product that is targeted and the
eco-climatic characteristcs of the area where pghgect wil be prosecuted. For example,

agroforestry will appear more appropriate in thesedy settled part of eastern Nigeria where
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it is difficult to get large areas of land for a#fstaton. On marghal soils such as n severely
eroded lands and overgrazed stes and hil slopgds thin sois, however afforestation would
be more appropriate given the environmental cansdraof such locations.

The modeling of the carbon flow in the forestry tsegives some indications of how much
forest estabishment is needed in order to meeiMbed needs of the country. It is estimated
that about 7.5 milion hectares of land wil needbe planted to trees of various types over
the forty-year period of the project. This traredato planting about 180,000 hectares of land
per year for forty years in the country. Implenmgnthis wil require substantial nvestment
in forestry. Clearly, this 5 an enormous task #@e government and is particularly daunting
in the face of several development issues calimgattention. A lot can however be achieved
if government is wiling to address the issue. Tis critical task for government is to create
an enabling envionment for both private hndvidualnd organizations to nvest in forestry.
This coud take many forms such as the provisiorsedds and seedlings and other inputs at
subsidized costs for the establishment of plantatioAko, the government wil need to relax
regulatons on harvesting of forest products paasty timber, to make harvestng attractve
for investors in the sector. The preservaton ef ¢histing forests is alko important. This can
be done through rigorous implementations of theviginos of the environmental protection
laws of Nigeria. Related to this is the need totrobrthe spate of urban sprawl that has
become a main feature of urban land use in thedesade or so in Nigeria. This wil not
only protect the existing forested lands but alssuee that those who wish to invest in
forestry development have access to land.
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