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1. Introduction

Abstract

This paper evaluates land-use conflict betweerhecatt
pasture and tropical rainforest in the Brazilian
Amazon and attempts to reconcile negative
production externalities within the framework of
carbon finance. Specifically, it analyzes the @per
metric ton of CQe that would make reforestation
projects, in terms of restoration ecology, a viable
land-use alternative. Regional information on
opportunity, implementation, and transaction casts
used to develop a partial equilibrium cost-benefit
analysis, in which carbon sequestration is the only
benefit. Financing is employed through Kyoto’'s
Clean Development Mechanism and long-term
certified emission reductions (ICERSs) are the carbo
financial instrument modeled. Results indicate tha
carbon revenue alone cannot provide the incentives
necessary to induce the reforestation of high ditxer
rainforest. In order to cover the costs of sevienad-
use changes analyzed, current prices would need to
grow from $4/tCQe to approximately $7.5/tG®.

Cattle ranching in the Brazilian Amazon is lugest driver of deforestation in the world asd i
responsible for approximately one in every eiglttaies converted globalls(eenpeace International,
2009. As aresult, Brazil is among the highest greeisie gas emitters and is responsible for 8-14
percent of global emissions from land-use chafgegn and Bishop, 2009 Yearly conversions
averaged 17,500 Krbetween 1989 and 200%/@lker et al., 2008and according to recent estimates,
cumulative forest loss now exceeds 16% of the waig million knf of closed moist forest that once
existed Alves, 200)*. Cattle comprise the largest obstacle to rectajniopical forests and the

immense ecological value they posséss.().

! Walker et al. (2008) note that seventy seven percent of cleared lands were pasture in the 1995 agricultural census, and 9.9%,
“abandoned”. These may have once been pastures, in which case the authors believe it possible that almost 90% of historical

deforestation in the Amazon is accounted for by ranching.



Fig. 1. lllustrative negative production externality retg
in market failure.
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Marginal private benefit is the utility received
from consuming one more head of cattle. The
marginal private costrepresents the cost to cattle
ranchers of raising one more head of cattle. The
marginal social costis the full cost of cattle
production including the loss of carbon value from
deforestation. Thenarginal external costis

equal to this lost “intrinsic” value of carbon not
currently priced into market transactions.
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Animal grazing density in the Amazon is between
0.5 and 0.8 animal units per hectare and profits ar
S0 generally less than $50 per hectai®@dlker et al.,
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The Amazon is the largest remaining tropiaatforest in the world and ranks among the highest
biodiversity hotspots. It provides multiple ecasys services including the regulation of rain fatpd
and water yield regulation, control of soil erosiand carbon storage and sequestration. The ceatin
delivery of these services remains essential teeoanomic prosperity and other aspects of our nelfa
(eftec, 200%° In terms of an indicative value per hectareoné$t, the benefit of carbon storage in
forests is estimated between US$650 to US$3,508¢xare in net present value termiSD, 1999. A
review of existing literature places the value toer of carbon at US$34(arkson and Deyes, 2002 In
2005, statistics from the United Nations Food aggidulture Organization estimated Brazilian forest
alone to have 104,638 megatons of stored forebbnaralued at over $2 trilliorBitler, 2005f. The
service of carbon sequestration is distinctivenat it is global in nature and is therefore a pugbod.
As land conversion continues the value of thisiserliecomes severely diminished exacerbating the
effects of climate change Paying for this carbon sequestration servigoissible in the framework of
carbon trading under the Kyoto Protocol's Clean &epment Mechanism (CDM).

2. Background

In 1992, the United Nations Framework ConventiorCtimate Change laid the foundation for the
Kyoto Protocol. The treaty introduced an interoiadil market for emissions trading aimed at reducing
the level of carbon emitted from economic actigtind was heavily influenced by the United States’
Acid Rain and NQprograms, both successful pioneer efforts in ntaoskiented pollution schemes. In
theory, market-based approaches achieve more ffms¢mt reductions than traditional command-and-
control regulationy.S. EPA, 200R At the end of 2008, the global carbon market aarading volume
of 4,811 MtCO2e valued at $126.3 billioGgpoor and Ambrosi, 2009 This value is expected to reach
$170 billion by the end of 2010¢max, 201). This includes allowance and project-based &atirsns
in both the voluntary and compliance markets. C&#vtified emission reductions fall under the latier
which Annex 1 countries are allowed to invest imaleping nations to claim carbon reductions that
simultaneously encourage sustainable developriér® Green, 200)QFig. 2).

2 Daly (1990)defines ecosystem services as the range of conslitind processes through which natural ecosystemghe
species that they contain, help sustain and fti€ithan life.

3 This value is currently used by the UK Governmierdssessing the social cost of carbon emissieftsc{ 200%

4 Total forest carbon includes carbon stored in aband below-ground biomass, dead wood, leaf ligted soils of forests. The
value of carbon is calculated assuming a rate 0fg& ton.

® According to a study done in 2004 at the UnivgrsitBrasilia Amazon deforestation is pumping 2Glliom metric tons of gas
into the atmosphere every ye&B(C, 2004.



Fig. 2.lllustrative market solution highlighting Marginal Social Benefit (MSB) represents the
reforestation potential in terms of carbon findhce WTP of Annex 1 investors for forestry sector
$60 — wsB carbon emission reductions. Carbon
: sequestration costs faced by landowners and
coordinating agencies represent kharginal
Private Cost (MPC) curve Marginal Social
<>MEC Cost (MSC) represents the total cost to society
per unit increase in forest area including lost
value from ranchingMarginal External Cost
(MEC) is the income forgone from cattle
production when a land change takes place.
This must be compensated before a land
conversion will voluntarily occur in the market.
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Afforestation and Reforestation projects (ARRsre introduced in 2003 and are currently they onl
land uses eligible under the protocBkpoor and Ambrosi, 2009 Afforestation is defined as newly
created forest on land that has been free of féoeshore than 50 years and reforestation as newly
created forest on land that has been free of fomatr on December 31, 198Bi(-Sud, 2008 Two
types of credits are issued: temporary certifietseion reductions (tCERs) and long-term certified
emission reductions (ICERs). These can be distshgd by the length of their crediting periods vihic
are renewable 5 year terms for tCERs and twicewabke 20 year (max 60) or single 30 year issuances
for ICERs. At expiration, these credits must l@aeed by similar credits or supplemented by other
reductions Qlschewski and Benitez, 2005Pricing has not yet occurred via normal madtetnnels but
the World Bank’s BioCarbon Fund, which providesboar finance for projects that sequester or conserve
greenhouse gases in forest, agro- and other eeasystuotes around US$4 per ton of carbon dioxide
equivalent (tC@e) (Pearson et al., 2005treck, 200k For reference, the 2008 average price of a
permanent certified emission reduction was US$1@CZ®oor and Ambrosi, 2009

$4 per tC@e will be used as the initial price of carbon ia #inalysis and a 20 year reforestation ICER
will be modeled. Reforestation options have bemretbped for several restoration techniques and wil
be priced to determine the cost and assess thbifasf this specific land-use change.

3. Methodology

In order to favor comparability among CDM i types, all assumptions related to the methaggolo
should be made explicit and the following informatincluded Richard and Stokes, 2004)

®De Jong et al. (200@stimated the potential of carbon sequestratiasutiir agroforestry and forest management in Chiapas
function of the incentives, finding a potentiallofo 38 Mton-C for incentives within $5-15/ton-Carstudy area of 600,000 ha.
ARP feasibility frontiers showing the carbon sedragin potential as a function of carbon price evéerided highlighting the
effect of economies of scale.

" ARPs are being developed in both the compliancevahatary marketsTorres et al., 2000 However, the extent of these
projects is small accounting for less than 1% dfinees transacted in 2008 indicating that land las&l-use change, and forestry
assets are marginal despite the potential for agéementation Capoor and Ambrosi, 2009 Trabucco et al. (200&stimate
available area for ARPs at 790 MHa in non-Annerdrdries. Natural Vegetation might be able to sstgr 25-30% of

expected emissions in 1990-21@®¢érling and Woodward, 20p1



(1) A description of the practices to be implemente

(2) A definition of the sequestration pathway oe kbng term.

(3) Identification of a baseline without the prdjec

(4) A discussion on the geographical scope.

(5) A description of costs stressing the importamicepportunity costs.

3. 1 Restoration Techniques

Restoration ecology is the process of asgistia recovery of ecosystems and is chosen over
commercial plantations in this study for its potahih providing multiple ecosystem services atiufe
point in timé. Information on techniques to be implementedaihgred from literature on reforestation
projects conducted over the last 30 years in thanfic Rain Forest Rodrigues et al., (200$ound that
the reconstruction of permanent forest with higrediity is feasible but depends on landscape
characteristics and the strategies applied. Ghiyesacommon approach employed is to plant many
native species from different functional groupsdeestablish forest composition, structure and dyos.
Three main principles of restoration are @a(dolfi et al., 2007

i.  reconstruct species-rich functional communitiesatég of evolving;

ii.  stimulate any potential for self-recovery still peat in the area (resilience) whenever this is
possible; and

iii. plan restoration actions in a landscape perspective

In reality, choosing the best restorationtsetyg for a particular area is not straightforwand a
number of alternatives are available to the restmrst depending on the situation. This is duednse
of differing degrees of historical disturbancegjrées of resilience, reference information, surdaugp
landscape and socio-economic backgrowudi{e and Walker, 1997; Holl et al., 2000; Ashtdrak,
2001; Maginnis and Jackson, 2007 list of technigues and cost information isggnted in Table 1.

Table 1— Reforestation options

Restoration Technique Average Cost (US$/ha) Fixed Pexdl 1 Period 2
Commercial Eucalyptus 700 420 140 140

1 Direct Seed Sowing (Low) 760 456 152 152

2 Direct Seed Sowing (High) 1,450 870 290 290

3 Topsoil Transposition 2,180 1,308 436 436

4 Nucleation Techniques 2,200 1,320 440 440

5 Planting Seedlings (Low) 3,000 1,800 600 600

6 Planting Seedlings (High) 4,500 2,700 900 900

7 Hydroseeding 20,000 12,000 4,000 4,000
1 US$ =1.65 R$ 23/6/2008 60% 20% 20%

Source:Rodrigues et al., 2009; Engel and Parrotta,

Because of scarce data on the costs of these ¢gEand the periods in which they are incurred it
assumed that 60% of the average cost per hectaeuised in the establishment phase and 20% ih eac
of the first two years. This is based on a stugi£bgel and Parrotta (20Pih which planting costs were
evaluated for the lowest cost restoration techniduect seed sowing. The authors found that &fter

8 The decision between plantations and secondaegff@uccession represents a trade-off in pattétismass accumulation.
Plantations often select species that sequesteomrdaster than secondary forests under the saaph&dand climatic
conditions Lugo, 1992. There is also a significant loss of value wkiertber extraction is excluded from the project.

® Intense forest degradation started more than B&fsyago in Brazilfean, 199% Only about ca. 12% of the original Atlantic
Rainforest Biome RemairRpdrigues et al., 2009



years of planting, natural regeneration of woodepeial species was observed at all sites in bath t
direct-seeded and unplanted control plots (treatshe hese costs all lie relatively early on ie firoject
so the effect of discounting will be smallgEngel and Parrotta (200&)so suggest that cheaper methods
of plantation establishment on grass-dominateddaigdaded tropical landscape entail more risk than
alternative but more expensive techniques regarfdirggt recovery and resilience.

3.2 Carbon Sequestration Data

The carbon sequestration rate is based on
literature reviewing secondary forests growing
on abandoned agricultural lands and pasture:
Silver et al. (2000yiscuss the potential of
secondary forests to serve as carbon sinks fo
atmospheric carbon dioxide in above-ground
biomass and soils. Data on moist tropical
forest suggests that significant amounts of
carbon can accumulate in plants and soil ove
relatively short (~20 yeatime periods Brown
& Lugo, 199). The overall rate of above-
ground biomass accumulation in the first 20
years was 6.17 Tons-C/ha-y®ar Soil Carbon

mongabay.com

accumulated at a rate of 1.30 Tons-C/ha/year mm Lowians moist forest 1 Sovannah woodlands

. . . MW and tal f 1 | & fand:
over a similar periodgjiver et al., 200D The [ sbmmeecoer " " cbdessrnc egetoion
ICER instrument was partly chosen due to QN amentas doruat T oaorty Voces grciante
uncertainty surrounding carbon sequestration g e erer mﬁggf;,é?"t*.’wwmm
in forests over long periods of tiffeThe e ST AR L ERE- S PO AR
baseline selected for this study is zero Source:Mongabay.com

based on findings that pasture soil is actually a
net carbon source in the decades following defatiest®. Consequently, the effective carbon
sequestration rate used here is 7.5 Tons-C/ha-gean annual reduction of 27.5 tgper hectare.

3.3 Geographic Scope

Amazonianstates lying on the “arc of deforestation” weress#hoas representative areas in this study
for economic and ecological reasons. From a |aedperspective, locations are at the margin where a
land trade-off between pasture and forest is asgumexist. From a restoration perspective, aneas
are more recently deforested and are in closefipityxto primary tropical rain forest. Thus, spfeci
sites selected should be areas with a relativelly belf recovery potential. This is the probapitiiat a
degraded ecosystem has to reestablish its natwolmgical forms and processézaflovezil & Lima,

2009. Choosing optimal locations will reduce restmmatcosts based on a dichotomous key for selecting
project sites developed l&yandolfi et al. (2007)

10 All sites were completely cleared and the majasitphem were also burned prior to forest regrowth.

1 The longer the time frame of a reforestation aritie the more uncertain the degree of carbon étoltais believed that
increased carbon storage can be achieved relatiuétkly but is likely to be a finite process evggity reaching a maximum
sequestration potential. The time period is ndt lwewn but such a limit may be reached in thetf50-100 years following
forest establishmen§(lver et al., 200D

12 “\phether pasture soils are a net sink or a net safrcarbon depends on their management, but axpmtion of the
fraction of pastures under ‘typical’ and ‘ideal’ neement practices indicates that pasture soBsdmilian Amazonia are a net
carbon source, with the upper 8 m releasing arageeof 12.0 t @a in land maintained as pasture in the equilibdiamdscape
that is established in the decades following defaten” Fearnside and Barbosa, 1997



The Amazon exhibited significant growth inttafrom 25 million head in 1990 to over 74 millign
2005 Fig. 3). The states of Par4, Mato Grosso, and Rond@mwelseir herds increase by 292%, 294%,
and 560%, respectively over this peridda]ker et
al., 2009. Table 2 details the local cattle economie Rorima
of five selected municipalities. Information was
collected from 8 panel studies conducted with 43
producers in 2002. Amazonas

-
Mato Grosso

Source:Wikimedia Commons
Table 2 —Profitability and land characteristics in selectednicipalities.

Net Income Land Value Size of Date of Panel FX Rates
Municipality/State (US$/halyear) (US$/ha) IRR Properties (ha) Study R$/USS$
Tupa/SP 29 1457 3.8 300 4/26/2002 2.27
1 Alta Floresta/MT 56 485 145 1200 5/21/2002 2.47
2 Ji-Parana/RO 53 499 11.5 1700 5/15/2002 2.50
3 Santana do Araguaia/PA 38 799 14.7 3200 5/15/2002 2.50
4 Redencao/PA 28 550 9.1 4800 3/25/2002 2.36
5 Paragominas/PA 44 530 11.0 12000 3/22/2002 2.36

MT is Mato Grosso; RO is Rondodnia; PA is Para;sSB&o Paulo
Source:Barros (2002); Smeraldi and May (2008)

Amazonian ranchers can earn higher returns ontimess than their Brazilian competitatse to
productivity and land cost advantag&ga(ker et al., 2008

CDM ARPs can either be small or large sc&8mall scale projects are limited to annual segatsh
amounts of 16,000 kilotons G®or lessTuv-Sud, 2008 At a sequestration rate of 27.5 te@er
hectare a year, land size would be limited to axprately 580 hectares. As observed above, many
existing ranches are larger than thisigel and Parrotta (200bglieve the costs of many restoration
techniques are too high to actively engage smadiialders. For these reasons, a large scale ARP is
selected targeting more corporate style ran¢h@rres et al. (201@nalyzed several sequestration
options andyenerated cost curves for ARPs recognizing theeffeeconomies of scalé-ig. 4 shows
this effect in which average sequestration costsedese toward variable cost until marginal cost®be
constant. According to their study, this pointeached with land sizes greater than 3,000 hectares
Information will be used from the state of Paréti@ps 3, 4, and 5) to capture these effécts

13 Choosing corporate ranchers as representativeoetoragents is advantageous because of the likeliadegal land title is in
possession. Additionally, they may be more adeptadling the transaction process.

1%1n the state of Para, more than 51 percent otaluiral lands are in holdings that exceed 1,00fidres, and nearly half that
land is controlled by enterprises that are largant10,000 hectares, many of them rancBésrfions, 200¢
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3.4 Costing Carbon Analytically

Costs are calculated using a partial marketliegum in which the prices of inputs are assumed
constant in order to derive a cost function. @osves may be generated from this function to stiewy
variations in total sequestration cost ($), avei@s ($/ton-C, $/ton-Cl/year) or marginal cost$o$/C)
as function of the project area (ha) or sequestrgidtential in a region (ton-CJ ¢rres et al., 2000 Due
to the importance of initial costs in a projectesess or failure, average costs will be used tirout
the analysis. Carbon prices will also be quotedialfars per ton of carbon dioxide equivalent (§}&2)
to aid institutional investors in the comparisorcompeting abatement options in the carbon market
(Olsen and Bishop, 20D9 Costs can be grouped into three categoriedelmgntation, Transaction, and
Opportunity. The first two have both fixed and &éte components:

i.  Implementation activities consist of all cash oyslaequired to establish forest growth from
site preparation to planting and maintenance. & ahllontains this information with fixed
costs occurring in period zero and variable cos{griods one and two only.

ii.  Transaction costs include feasibility studies, @codesign documents, validation, and
registration. According t8auer et al. (2005 CDM transaction costs range from $43,000 to
$210,000. The lower limit represents small scatgeots and the upper large scale. Similarly,
there are CDM variable costs that range from $3t0(L5,000 per year for verification and
certification. The upper limits are used for thefl and variable transaction costs.

iii. Opportunity costs are those necessary to comperaatbers for the lost income they would
have earned if they did not decide to reforeRichard and Stokes (200ddncluded that these
may be the most important factor in costing andoftien the most difficult to assess. Table 2
contains opportunity costs per hectare along vegrgsentative land sizes.

Cost-benefit analysis is then employed towatal the several restoration techniques in tabigainst
opportunity costs and land size characteristicshferPara state municipalities in table 2. Twoatigns
are adapted fromorres et al. (201Ghat calculate (1) the average net present valaepobject and (2)
the average sequestration cost of one,gCO

Eqg. 1.
T
1
ANPV = = % Z p{per X CS¢}
t=0
1 O, ((ge+ Tep)
- = xzpf {%+ Iy ¢ + Ty + OPt}

t

1l
o

ANPV  Average net present value ($/ha-year)

t time (years)

T duration of the project (years)

p discounting factop,= (1 +8)™*

I Implementation Fixed Cost in year t ($/project)
Iy Implementation Variable Cost in year t ($/ha)
Tyt Transaction Variable Cost in year t ($/ha)

OP Opportunity Cost in year t ($/ha)

S Project Area (ha/project)

Pc.t Carbon price paid at time t ($/tG€&)
Cs Carbon sequestered from t — 1 to t, (}€/0a)
S Area implementing carbon sequestraggratices (ha)



Equation 1 assesses the performance of an ARRting the difference between average discounted
revenues and average discounted costs over the lifie project. More significantly, it allows aige of
carbon to be solved for when setting ANPV equaldm and size constant. This price is the thresaol
which a landowner would supposedly be indifferestinieen reforestation and cattle ranching. Equation
2 solves for the average sequestration cost pe2¢CQ@ll costs are yearly averages per hectare.

Eqg. 2.
1 [(g + Tp)
= —|———+ Iy + Ty + 0P
Pe Average Sequestration Cost ($4€0
CSs Carbon sequestered (tCO2e/ha-year)

Equation 1 is useful to an ARP investor becaugerés the relative cost of reducing carbon compéred
other reduction opportunities. It also indicatesiandowner the level of profitability a new lamsk
might provide. Equation 2 is useful for projecsidmers choosing between different sequestration

options.

4. Analysis

The basic parameters to the model are assdnmbtee box below. A 20 year crediting periodised
in which verification and issuance of credits oscevery & year at a price of $4/tCO2e. Accordingly,
payments occur at the end of years 5, 10, 15, @ndr'Be financial model developed is in Appendix A.

PROJECT PARAMETERS
Financing Carbon Assumptions
Mechanism ICER] Kyoto CDM ARP Sequestration Rate 750 Tons-C/halyear
Length of Project 20.0| Years Conversion Factor 3.671 44/12
Price of Carbon 4.00( $/tCO2e Baseline 0.00 Tons-C/halyear
Carbon Sequestered 275 tCO2e/halyear
Municipality/State Property Local Opportunity Annual Sequestration  Total Potential
Sizes (ha) Cost (tCO2e) (tCO2e)
Santana do Araguaia/RBa 3200 7.009 88,080 1,761,600
Redengéo/Para 4800 1.509 132,120 2,642,400
Paragominas/Para 12000 3.00% 330,300 6,606,000

Note that each municipality has different oppioity costs. These are adjusted from the IRRmol
in Table 2 using an inflation rate between 7-8%onk1995 to 2009, the median increase of the Baazil
general price index (IGP) was ca. 8% and the aeestightly higher at ca. 9.5% These are set at three
different levels to see the effect of different giaal opportunities on an ARP’s ANPV. Since fixaubts
are based on an average per hectare value, themniall amount of variability correlated with tiféstor
as size increases. Project parameters along myikeimentation, transaction, and opportunity costs a
inputted into a financial model built from equatiband equation 2. We are interested in whethaoor
a project is profitable at the current market pritfat is not, the price of carbon that it woukike to
induce a land conversion is calculated using Ezcedlver.

15http://vsites.unb.br/face/eco/cepes/pdfs/MoIIo%ZCRI%SF%ZOZOOG%ZONPE%20%28NeoIiberaIism%ZOin%ZOBYm. p
df, http://www.pwc.com/pt_BR/br/estudos-pesquisas/afisighlights-brazil-09.pdf




Conducting an initial cost-benefit analysis $antana do Araguaia/PA highlights the inputs for
modeling Eq. 1. Average discounted benefits aleutzted using the top four line items and average
discounted costs the bottom six. All costs refahe direct seed sowing (low) option. Total fixed
implementation costs occur in year zero and amukd by multiplying project size by average
establishment cost per hectare. Variable impleatiemt costs occur in years one and two and remain i
average units; all other
variable costs not in $/ha-

COST-BENEFIT ANALYSIS
year then need to be _ ,
converted. Opportunity duration of the project (years) 20|T
costs are already |n th|S diSCOUnting factorp = (1 +6)-1 7% P
format which leaves the Carbon sequestered fromt— 1 to t, (tCO2e/ha) 27.5|CSt
transaction costs. Carbon price paid at time t ($/tCO2e) 4.0qPc

Dividing $15,000 by
3200 hectares gives us a
transaction variable of

Awerage Discounted Sequestration Benefit ($/ha/yegar
Area implementing carbon sequestration practica} dh 3,200(S

$5/ha-year. Working out Implementation Fixed Cost in yeart ($/project) 1,459,2001 I[F
the summations and Transaction Fixed Cost in yeart ($/project) 210,000(TF
discounting back to the Implementation Variable Cost in year t ($/ha) 152 {Iv
present will give you the Transaction Variable Cost in yeart ($/ha) 5|TV
average net present value Opportunity Cost in year t ($/ha) 38 |OP

per hectare. A positive
ANPV means a project
should be undertaken, while a negative one rejecte price of $4/tCO2e the ANPV results in asla$
$11.80/ha-year indicating that the carbon inconmnotoffset enough of the costs to make the retstora
technique viable. Solving for the price at timeazthat sets ANPV equal to zero gives us $4.93/&6CO
Prices at or above this point could in theory reisud land-use change.

Equation 2 sums the average fixed and variedsés over the life of the project and multiplieem
by one over the sequestration rate (CS) to gevarage price per tC® reduced. The average
sequestration cost in Santana do Araguaia undemoptis $3.1 per tCO2e.

Awverage Discounted Sequestration Cost ($/ha-year)

5. Results and Discussion

Carrying out the same analysis for all thremitipalities and the seven restoration technigirdss
similar results with the majority of reforestatioptions unprofitable. In Santana do Araguaia, wher
opportunity costs are relatively high, even thead#feucalyptus plantation is unprofitable.

Santana do Araguaia/PA

ANPV Pc Viable t=0 Aw. Sequestration Cos 5 Year Pc Viable

Restoration Technique ($/halyear) ($/tCO2€) ($/tCO2e) Growth Rate (Annual)
Commercial Eucalyptus (8.9 4.7 2.9 3.28%

1 Direct Seed Sowing (Low) (11.8) 4.9 31 4.27%
2 Direct Seed Sowing (High) (44.9) 7.5 4.3 13.54%
3 Topsoil Transposition (80.0) 10.3 5.6 20.87%
4 Nucleation Techniques (81.0) 10.4 5.7 21.05%
5 Planting Seedlings (Low) (119.5) 134 7.1 27.42%
6 Planting Seedlings (High) (191.6) 19.1 9.9 36.75%
7 Hydroseeding (936.8) 78.0 38.0 81.12%

Model Inputs: (3200 hag 7%, Op 38 $/ha)



Fig. 5. Viable prices of carbon at time zero versus avesaggiestration costs
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The same patterns are seen in the municipaliti®edencdo and Paragominas except that, due to lower
opportunity cost rates (1.5% and 3.0%, respectjyslyme cheaper options do become viable. It Isan a

be observed that options 1 through 4 become pbiditat prices around $7.50/tG©

Redencéo/PA

ANPV Pc Viable t=0 Awy. Sequestration Cos 5 Year Pc Viable

Restoration Technique ($/halyear) ($/tCO2e) ($/tCO2e) Growth Rate (Annual)
Commercial Eucalyptus 28.0 - 25 -

1 Direct Seed Sowing (Low) 25.1 - 2.6 =
2 Direct Seed Sowing (High) 9.1) 4.4 3.8 1.92%
3 Topsoil Transposition (45.3) 6.0 5.2 8.37%
4 Nucleation Techniques (46.3) 6.0 52 8.52%
5 Planting Seedlings (Low) (85.9) 7.8 6.7 14.15%
6 Planting Seedlings (High) (160.3) 11.0 9.4 22.42%
7 Hydroseeding (928.4) 445 37.6 61.92%
Model Inputs: (4800 hap 1.5%, Op 28 $/ha)

Paragominas/PA

ANPV Pc Viable t=0 Awy. Sequestration Cos 5 Year Pc Viable

Restoration Technique ($/hal/year) ($/tCO2e) ($/tCO2e) Growth Rate (Annual)
Commercial Eucalyptus 8.1 - 3.0 -

1 Direct Seed Sowing (Low) 52 - 31 =
2 Direct Seed Sowing (High) (28.7) 5.5 4.3 6.54%
3 Topsoil Transposition (64.6) 7.4 5.6 12.95%
4 Nucleation Techniques (65.6) 7.4 57 13.10%
5 Planting Seedlings (Low) (104.9) 9.4 7.1 18.75%
6 Planting Seedlings (High) (178.6) 13.3 9.9 27.10%
7 Hydroseeding (940.2) 52.8 38.0 67.54%

Model Inputs: (12,000 hag 3%, Op 44 $/ha)

But what does a price of $7.50/tgg@mean in the context of successful ARPs? Tomsinumber in
perspective remember that the first issuance afitsreand also the first positive cash flow, ocdargear
5. Therefore, what annual growth rate of Pc isledeluring this period to make these ARPs vialiDe?

how much does the price of carbon have to grownduaisingle Kyoto commitment period to get projects

moving today? Doing out the math, using $4/t€@s the present value and $7.504€8s the future



value, gives an annual growth rate of 13.4% a y&#nrmation on viable growth rates are listedhia
far right columns. Almost every single viable gtbwate seems highly unlikely given the large
uncertainty faced by the fate of the carbon magsecially concerning the future role that the CDM
mechanism will play in a global mitigation stratefgy carbon emissions. Nonetheless, the resugts ar
useful in showing that carbon alone will not initidand conversion for the purposes of high diversi
forest restoration.

6. Conclusion

The current price of ICERSs is not high enotmimake ARPs profitable and will not be able to fix
negative production externalities caused by cadithehing in the Brazilian Amazon. Land conversion
from pasture to high diversity forest will needheit higher carbon prices or additional marketsofber
ecosystem services. But, a lack of incentive Ig one insight revealed by the analysis. The dita
bring about the following conclusions:

i.  Average sequestration costs increase uniformlysscatl areas and for all sequestration
options. Different opportunity costs seem to haanall impact on the success or failure of
these projects whereas the size of implementatsts@nd the periods in which they occur is
considerable. Previous studies have found oppitytoasts to be one of the more important
cost variables in ARPs but this may not be the arseeforestation efforts conducted within
the framework of restoration ecology.

ii.  Variations in the difference between average castksthe viable price of carbon shown in
(Fig. 5) draw attention to an important part of modeliaghon credits: the time periods in
which revenues are received matters and can maeeak an ARP close to profitability.

The more expensive the technique, the less rigknaes in terms of permanence but the
bigger the discrepancy. Theoretically, averageisstmation cost should be very close to the
viable price of carbon but the divergence highkgitiat a large amount of costs are incurred
in the early years while benefits not receivedlwyars later are deeply discounted. Forward
contracts may solve this problem by enabling depasie to sell a forward stream of credits
that have yet to be generated by the project lwiigha risky approach and may reduce the
prices received for reductions. High risk proj€&fERs would be significantly discounted by
the market ©QIschewski and Benitez, 2005

Iii. Results show that only the cheapest restoratidmigues may be viable and that these may
not even be possible in all areas. This impliesnewore uncertainty for project developers
because the cheapest technigues are also thehatnestail the most risk. Thus, at very low
prices of carbon, ARPs might not even be considigredgovernment’s portfolio of carbon
reductions and would not be implemented. On therdtand, different opportunity costs
indicate that reforestation projects may have gebehance of succeeding in places where
the profitability of ranching is low and the reglpmrtunity cost rate of other land uses small.

Forests are a distinctive type of land usthat they can simultaneously provide private araiego
benefits. They are a public good in one sensejgirg valuable global and regional ecosystem sesji
and a private good in another, offering ecosysteoug such as lumber, biomass for energy, and
numerous non-wood forest products, albeit, withotar levels of trade-offs between the two. Bottom
line: the current land use conflict is a textboodkrket failure in which the value lost to the public
significantly outweighs the value gained in thesaté market. Unfortunately, this is a problem tlusit
not be fixed until the public’s demand for servisesh as climate regulation exceeds that of thefei
demand for cattle. In the short-to-medium terraplé growth rates for carbon prices are unrealistic



warrant such a change. Regardless, carbon isespiece of the puzzle and the analysis condunetesl
hints toward the inclusion of other ecological $s#% as a logical next step.

ICERs were chosen due to their temporary Bndble nature. From an investor’s perspective
obligated to reduce emissions, these are onlyakbreliability (Dutschke and Schlamadinger, 2D03
They must be replaced at expiration. In 20 yemtandowner may choose to harvest the forest amdtre
back to ranching or other agricultural activitigSonversely, a landowner may have the option ige2is
to sell more than just carbon on the market. TheZon rainforest naturally provides valuable wéter
and soil services which, depending on the developmieother ecosystem services markets, could get
factored into a future ARP revenue stream. Thidctgive a landowner or carbon investor valuabke us
options in years 20, 40, or 60.

In the short-term, securing ecosystem seswidgé be significantly cheaper using an avoided
emissions scheme such as the United Nations Reditroestions from Deforestation and Degradation
(REDD) program. Yet in the future, as populatinareases and resource scarcity becomes more acute,
restoring these services that have been lost avaireds of years will be a worthwhile investment.
Reducing the externalities driven by cattle proaturcin the Brazilian Amazon will take time but the
solutions exist within the emerging areas of cartimaince and environmental markets. In the ergl, th
tradeoff will not just be pasture for forest, oebéor lumber, but instead for air, water, and ;sodthing
less than the foundations of human civilization andnomic prosperity.

16 “Ecologist Philip Fearnside, who has spent his@astudying the Amazon, observes that the agrillfuprominent south-
central part of Brazil depends on water that igcksd inland via the Amazon rainforest. If the Aroa is converted into cattle

pasture, he notes, there will be less rainfallujpp®rt agriculture.” “As the trees disappear, raiinfunoff increases and the land
is deprived of the water from evapotranspiratigidrown, 2009.
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Appendix A. Carbon Financial Model (Santana do Araguaia/PAeRiSeed Sowing-Low)

Eq 1. Cost-Benefit Analysis

time (years) t |
duration of the project (years) 20|T
discounting factomp = (1 +3)-1 7%|p
Carbon sequestered fromt — 1 to t, (t€fha) 27.5|CSt
Carbon price paid at time t ($/tCO2e) 4.00Pc
PV Revenue= 1013
Awverage Discounted Sequestration Benefit ($/ha/year 1/T= 50.7
Area implementing carbon sequestration practice$ (h 3,200(S
456  Implementation Fixed Cost in yeart ($/project) 1,459,200 IF
Transaction Fixed Cost in year t ($/project) 210,000|TF
152  Implementation Variable Cost in year t ($/ha) 152|IV
Transaction Variable Cost in year t ($/ha) 5TV
Opportunity Cost in yeart ($/ha) 38|0P
PV Cost= 1244
Average Discounted Sequestration Cost ($/ha-year) T+ 62.4
PV Project= -235.47
ANPV ($/ha-year)= ($11.77)
Eg. 2. Awg. Sequestration Cost= 3.05
FC 26 1,669,200
Y 15 972,800
vV 5 300,000
OoP 38 2,432,000
1/Cs 3.64%
Period

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

28 55 83 110 138 165 193 220 248 275 303 330 358 385 413 440 468 495 523 550
550 550 550 550
392 280 199 142

1,459,200
210,000
152 152
5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 5 5 5 5
38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38
522 182 170 35 33 30 28 27 25 23 22 20 19 18 17 15 14 14 13 12 11

-522 -182 -170 -35 -33 362 -28 -27 -25 -23 258 -20 -19 -18 -17 184 -14 -14 -13 -12 131
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