
C
i

G
M
a

b

c

R
d

e

R
f

g

3

a

A
R
R
A

K
C
C
C
E
L
E

I

c
C
a
i
c
2
c
m
g
(

C

0
h

Land Use Policy 30 (2013) 507– 518

Contents lists available at SciVerse ScienceDirect

Land  Use  Policy

jou rn al h om epa g e: www.elsev ier .com/ locate / landusepol

apturing  synergies  between  rural  development  and  agricultural  mitigation
n  Brazil

iacomo  Brancaa,b,  Helga  Hissac, Mara  Cristina  Benezd, Katia  Medeirose, Leslie  Lipperb,
arianne  Tinlot f,  Louis  Bockel f,  Martial  Bernouxg,∗

Università degli Studi della Tuscia, Dipartimento di Economia e Impresa (DEIM), Via Camillo de Lellis, 01100 Viterbo, Italy
Food and Agriculture Organization of the UN (FAO), Agricultural Development Economics Division, Via delle terme di Caracalla, 00153 Rome, Italy
Embrapa Solos e Superintendência de Desenvolvimento Sustentável da Secretaria de Estado de Agricultura e Pecuária (SEAPEC), Alameda São Boaventura 770, 24.120-191 Niterói,
J,  Brazil
Empresa de Pesquisa Agropecuária e Extensão Rural (EPAGRI), Rod. Admar Gonzaga 1347, 88034-901 Florianópolis, Itacorubi, SC, Brazil
Food and Agriculture Organization of the UN (FAO), Investment Centre Division, Latin America, the Caribbean, East Asia and the Pacific Service, Via delle terme di Caracalla, 00153
ome,  Italy
Food and Agriculture Organization of the UN (FAO), Policy Assistance and Resources Mobilization Division, Via delle terme di Caracalla, 00153 Rome, Italy
Institut de Recherche pour le Développement (IRD), UMR Eco&Sols “Functional Ecology & Soil Biogeochemistry & Agro-Ecosystems” (Cirad-Inra-IRD-SupAgro), Bat. 12, 2 Place Viala,
4060  Montpellier Cedex 1, France

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 3 December 2011
eceived in revised form 15 April 2012
ccepted 24 April 2012

eywords:
limate change mitigation
arbon sequestration

a  b  s  t  r  a  c  t

This  paper  presents  the  results  of  the EX-Ante  Carbon-balance  Tool (EX-ACT)  application  on  two  rural
development  projects  in  Brazil.  The  analysis  provides  an  estimate  of  project  impact  on  GHG emissions
and  C  sequestration  indicating  net mitigation  potential:  results  show  that  the  Santa  Catarina  Rural  Com-
petitiveness  Project  has  the  potential  to  mitigate  12.2  Mt CO2e and  the  Rio  de  Janeiro  Sustainable  Rural
Development  Project  0.85  Mt CO2e.  Both  projects  are  successful  at promoting  activities  aimed  at  reducing
rural  poverty  and  also  contribute  to climate  change  mitigation,  demonstrating  the potential  importance  of
sustainable  agriculture  (improved  cropland  and grassland  management,  expansion  of  agro-forestry  sys-
arbon financing
nvironmental services
and-use change
X-Ante Carbon-balance Tool (EX-ACT)

tems  and  protection  of  forested  areas)  in  delivering  environmental  services.  EX-ACT  has  also  been  used as
a tool  to  guide  project  developers  in  refining  components  and  activities  to  increase  project  environmental
benefits.  Cost–benefit  analysis  shows  that  while  both  projects  generate  environmental  benefits  associ-
ated  with  climate  change  mitigation,  the  Santa  Catarina  Rural  Competitiveness  Project  has  significantly
higher  potential  due  to  the  size  of  the  project  area  and  the  nature  of  activities,  thus  a higher  likelihood
of  potential  co-financing  from  climate  finance  sources.
ntroduction

Agriculture is a major source of greenhouse gas (GHG), directly
ontributing to 14% of total global emissions (Smith et al., 2007).
oncomitantly, the agriculture sector has considerable potential
s a mitigation source. For instance, emissions of carbon diox-
de (CO2) could be reduced through the adoption of improved
ropland management practices (Bernoux et al., 2001a; UNFCCC,
008) while emissions of methane (CH4) and nitrous oxide (N2O)
ould be reduced through improved animal production, improved

anagement of livestock waste, more efficient management of irri-

ation water on rice paddies, and improved nutrient management
Cerri et al., 2010). Furthermore, carbon (C) can be sequestered
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edex 2, France. Tel.: +33 499612108; fax: +33 499612119.

E-mail address: martial.bernoux@ird.fr (M.  Bernoux).

264-8377/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
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© 2012 Elsevier Ltd. All rights reserved.

through the adoption of conservation farming practices, agro-
forestry, improved grassland management, and restoration of
degraded lands (Bernoux et al., 2001a,b, 2006; Cerri et al., 2004,
2007; Corbeels et al., 2006; Horlings and Marsden, 2011; Maquere
et al., 2008). Thus, many rural development projects promoting the
adoption of sustainable agriculture and land management prac-
tices could play an important role in mitigation, either by reducing
emissions or by sequestering C, at the same time contributing to
increased food security, improved livelihoods and reduced rural
poverty (Palmer and Silber, 2012).

Agriculture is a major sector in terms of economy, employment
and trade balance for the BRIC (Brazil, Russia, India and China)
economies. Brazil is also one of the world’s top GHG emitters
(Cerri et al., 2009) and Brazilian authorities are targeting the sector

for significant reductions in its GHG emissions (McKinsey, 2009).
Cerri et al. (2010) considered different agriculture and livestock
sector development scenarios that could generate emission reduc-
tions in the range of 178.3–445 Mt  CO2 equivalent (CO2e) by 2020.

dx.doi.org/10.1016/j.landusepol.2012.04.021
http://www.sciencedirect.com/science/journal/02648377
http://www.elsevier.com/locate/landusepol
mailto:martial.bernoux@ird.fr
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romoting sustainable agriculture intensification in Brazil there-
ore has the potential to generate significant mitigation benefits
n terms of reduced GHG emissions and increased C sequestra-
ion. In fact, in recent decades national agricultural development
olicies have switched from a focus on productivity increases
o increasing sustainable production together with income gen-
ration (Sorrensen, 2009). In this regard, participatory programs
uch as Sustainable Rural Development Programs in Brazil sup-
orted by the World Bank and already in place at state level have
een successful in driving the transition of degraded rural areas
o sustainable productive systems, providing knowledge, technical
ssistance and incentives to small-scale farmers to plan, implement
nd monitor sustainable demand-driven interventions. This is in
ine with national plans that include rural development, such as the
roposed Brazil’s National Plan on Climate Change which has the
bjective, among others, of promoting diversity and multifunction-
lity of rural areas and stimulating technological innovation and
ustainability.In this context, models are being developed to esti-
ate the mitigation potential of changes in agricultural production

ystems and to support project managers in climate change deci-
ion making (Bellassen et al., 2010; Easter et al., 2007; Milne et al.,
007). The EX-Ante Carbon-balance Tool (FAO, 2010) is one such
odel developed by the Food and Agriculture Organization of the
nited Nations (FAO) to provide an ex-ante evaluation of the impact
f rural development projects on GHG emissions and C sequestra-
ion, thus estimating the potential contribution of the agriculture
ector to climate change mitigation (Bernoux et al., 2010; Cerri
t al., 2010). The model can also be used during the project design
rocess, to assist project developers in refining components and
ctivities to increase, whenever possible, the mitigation benefits of
ural development projects. Additionally, the analysis can provide

 basis for building a C financing framework for agriculture by high-
ighting the practices with the highest mitigation potential which
ould be extended either during the project implementation phase
r in broader investment programs.

This paper presents the results of the application of the EX-
CT methodology on two rural development projects in Brazil to
emonstrate that development projects can also create the nec-
ssary mitigation opportunities requested at country level, thus
llustrating that the global benefits of carbon mitigation associated

ith rural development could help leverage needed investments
o support small-scale farmers.

aterials and methods

elected rural development projects as case studies in Brazil

The analysis presented in this paper is developed using two  rural
evelopment projects as case-studies: the Santa Catarina Rural
ompetitiveness Project (SC Rural) and the Rio de Janeiro Sustain-
ble Rural Development Project (Rio Rural). These two projects
ere chosen since they both promote the adoption of sustainable

griculture intensification, increasing farming productivity while
mproving management and conservation of natural resources.
hese projects therefore constitute good examples of “climate-
mart” agriculture – as they increase food security and farmers’
apacities to adapt to climate change while delivering mitigation
enefits – and represent suitable cases for applying the EX-ACT
ethodology. The projects selected as case studies (SC Rural and

io Rural) have many similarities in that they both: (i) focus on
aising small farm competitiveness by introducing best agricul-

ural practices to improve product quality and added value as
ell as improving market access; (ii) support farmers in comply-

ng with federal environmental law; (iii) use the micro-watershed
oncept as the building block to integrate multisectoral policies
icy 30 (2013) 507– 518

and improve governance within local territorial planning units; (iv)
have a six-year implementation period; (v) have as an objective the
scaling up and fine-tuning with existing state-level rural develop-
ment programs; and (vi) are financed by World Bank loans with
FAO technical assistance.

The Santa Catarina Rural Competitiveness Project (SC Rural)
SC Rural, currently in its second year of implementation, focuses

on the competitiveness of Family Agricultural Producer Organi-
zations (FAPOs). FAPOs are defined as producer organizations in
which 90% of membership consists of family farmers as defined
under Brazil’s National Program to Strengthen Family Farming
(PRONAF). Both currently existing FAPOs, as well as others to
be established during project implementation, are targeted. The
objective of SC Rural is to increase FAPOs’ competitiveness by:
(i) providing finance and related technical assistance to encour-
age technological innovation and diversification, raise productivity
and broaden market access; and (ii) bolstering the provision of
needed complementary public goods and services, e.g. infrastruc-
ture, certification, and sanitary, legal and environmental regulatory
compliance. The total project cost is US$189 million, with US$90
million from a World Bank loan, using a sector-wide approach
that includes Government expenditures and activities from various
sectors – agriculture, water resources management, environment,
infrastructure (rural roads and communication) and rural tourism.
The project will cover approximately 3.6 million hectares (ha)
(equivalent to 37% of the state’s area) characterized by lag-
ging economic performance, potential for improvement and need
for technical and financial assistance. It will primarily support
rural agricultural and non-agricultural small-scale producers, rural
workers and indigenous families, organized in associations, cooper-
atives, formal (with legal status) and informal networks or alliances.
This includes a total of about 936 micro-catchments, e.g. about half
of the 1683 micro watersheds into which the State is divided. Pro-
ductive landscapes directly targeted by the project are estimated
at 200,000 ha, but the total area of lands receiving support for
improved agricultural systems and natural resources conservation
and management totals 661,000 ha (Fig. 1).

The Rio de Janeiro Sustainable Rural Development Project (Rio
Rural)

Rio Rural has the objective of increasing small-scale farm-
ing productivity and competitiveness through the adoption of
integrated and sustainable farming system approaches. Project
activities are structured into three components: Support to Small
Farmer Production and Competitiveness; Institutional Frame-
works; and Project Coordination and Information Management.

Most of the technical activities are found under the first compo-
nent aimed at supporting changes in sustainable rural production
processes within a framework of market-driven improvements in
productivity and competitiveness of smallholders. The Project will
target approximately 37,000 small-farming families (some 150,000
people), which corresponds to roughly 30% of the total rural popu-
lation of the state. The target population resides primarily in three
main regions including the North, the Northwest (also known as the
“North and Northwestern Fluminense”), and Serrana administra-
tive regions, representing an area of about 23,000 square kilometers
(53% of the total area of the state). An estimated 227,811 ha of
agricultural lands would receive support to implement improved
production systems while the total project area has been estimated
at 800,000 ha (productive and non-productive lands, equivalent to
a total area of about 270 micro-catchments) (Fig. 2).
Total project cost is US$79.0 million, with a World Bank Loan
of US$39.5 million. Counterpart financing from the State of Rio de
Janeiro through the Rio de Janeiro State Secretariat of Agriculture,
Livestock and Rural Development (SEAPEC) totals US$21.4 million,
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Fig. 1. Map  of the SC Rural project area.
Source:  World Bank, 2010, The Santa Catarina Rural Competitiveness Project, Project Appraisal Document.

Fig. 2. Map  of the Rio Rural project area.
Source:  World Bank, 2009, The Rio de Janeiro Sustainable Rural Development Project, Project Appraisal Document.
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ig. 3. Schematic representation of how the final C-balance is calculated using EX-
CT.

ource:  Bernoux et al. (2010).

n addition to US$18.1 million in private investments. Eighty-four
ercent of project funds (or US$66.1 million) will be directed to
mall-scale farmers within the selected communities via partici-
atory planning, capacity building and investment activities.

stimating the mitigation potential of agricultural projects using
he EX-Ante Carbon-balance Tool (EX-ACT)

EX-ACT provides ex-ante estimates of the impact of agricultural
evelopment projects on GHG emissions and C sequestration, indi-
ating its effects on the C-balance – expressed in CO2e based on
he global warming potential of each gas – which is selected as
n indicator of the mitigation potential of the project (Bernoux
t al., 2010; Cerri et al., 2010). A full description of the EX-ACT
tructure and methodology can be found in Bernoux et al. (2010,
011). The main output of the tool application is an estimation
f the C-balance associated with the adoption of improved land
anagement options (‘with project’), as compared with a “busi-
ess as usual” scenario (‘without project’) (Fig. 3). EX-ACT has been
eveloped using primarily the 2006 IPCC Guidelines for National
reenhouse Gas Inventories (IPCC, 2006), complemented by other
xisting methodologies and reviews of default coefficients. The

Withou t Pr oject /tseroF

Plantat ion Annual Peren ni

INITIAL Fo rest/ Planta tion 763 16 0 0 
Annual 0 285529 0 

Crop lan d Perennial 0 0 4162 9

Rice 0 0 0 
Gras sland 0 0 0 
Other Land Degr ade d 0 0 0 

Other 0 0 0 

Total Fi nal 763 16 285529 4162 9

With Projec t /tseroF

Plantat ion Annual Peren ni

INITIAL Fo rest/ Planta tion 771 93 0 0 
Annual 125 0 281246 30 33 

Crop lan d Perennial 0 87 18 3312 1

Rice 0 0 0 
Gras sland 625 0 55178
Other Land Degr ade d 625 0 95 05 

Other 0 0 0 

Total Fi nal 796 93 289964 100837

Croplan

Croplan

Fig. 4. Land use matrix of SC Rural (data i
icy 30 (2013) 507– 518

model takes into account both the implementation phase of the
project (i.e. the active phase of the project commonly correspond-
ing to the investment phase), and the so called “capitalization
phase” (i.e. the period where project benefits are still occurring as
a consequence of the activities performed during the implementa-
tion phase). Often, as in the case studies presented here, the sum of
the implementation and capitalization phases is set at 20 years.

By default, EX-ACT assumes that changes in land use and man-
agement follow a “linear” function over time (see Fig. 3), although
the software allows for adopting a different dynamic of change,
e.g. “immediate” or “exponential” (Bernoux et al., 2010), depend-
ing on the characteristics of the specific project activity and on the
information available on the adoption rate of the selected practice
among project participants. It is worth highlighting that the “logis-
tic” dynamics, also known as “S-curve” is equivalent to the “linear”
default option in terms of results.

Structure and basic assumptions of the analysis

The present analysis takes into account specific environmen-
tal features (soil and climate types) of each case study as well
as key project activities with higher potential to affect C-balance
estimation. Average climates considered in the analysis are: warm
temperate with a mean annual temperature equal to 18 ◦C for SC
Rural, and tropical with a mean annual temperature of 22 ◦C for
Rio Rural. For both case studies, the moisture regime was classified
as moist while the dominant soil type was considered low activity
clay (LAC), i.e. highly weathered soil, dominated by 1:1 clay min-
erals and amorphous iron and aluminum oxides. Such information
is essential, as most coefficients used in the analysis can change
drastically according to soil characteristics and climate conditions.

SC Rural activities considered in the analysis as having a
potential impact on C-balance are: expansion of training and
extension services (pre-investment activities); diversification and
enhancement of production systems (expansion of perennial crops,
promotion of improved grassland and cropland management, and
livestock production); support to the implementation of small-

scale agro-industry and to the construction of sanitary installations;
rehabilitation of the Areas of Permanent Preservation (APP – Áreas
de Preservaç ão Permanente) and Legal Reserve (LR – Reserva Legal)
through the protection of existing forests and the implementation

dnalssarG

a l Ri ce Deg rad ed Other Total Initial

0 18 10 0 0 78126

0 0 0 0 285529

 0 0 210 0 41839

5142 2 0 0 0 51422

0 193955 0 0 193955

0 0 10130 0 10130

0 0 0 0 0

 5142 2 195765 10340 0 66 1001

dnalssarG

a l Ri ce Deg rad ed Other Total Initial

0 933 0 0 78126

0 0 0 0 285529

 0 0 0 0 41839

5142 2 0 0 0 51422

 0 138152 0 0 193955

0 0 0 0 10130

0 0 0 0 0

 5142 2 139085 0 0 66 1001

d

d

FINAL

Othe r Lan d

FINAL

Othe r Lan d

n ha) (Facsimile of EX-ACT output).
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Table 1
Mitigation potential (i.e. balance between the project and the baseline) calculated
with EX-ACT, in Mt  CO2e, of SC Rural, by project activity (positive values correspond
to  net emissions, negative values to sinks or avoided emissions).

Project activities Mt  CO2e % of total
GHG
mitigated

% of total
GHG
emitted

Expansion of training and
extension services (pre-investment
activities)

0.01 – 0.3

Improved annual crop
management

1.7 – 82.8

Improved livestock production 0.3 – 14.0
Support to the implementation of
small-scale agro-industry and to
the construction of sanitary
installation

0.1 – 2.9

Total GHG emitted 2.1 – 100.0
Improved grassland management −3.8 26.9 –
Expansion of perennial crops −0.4 3.0 –
Fencing of riparian areas −0.9 6.3 –
Expanding agro-forestry systems −8.8 61.7 –
Ecological corridors and land
rehabilitation

−0.3 2.1 –

(720 ha through forest regeneration and 180 ha through avoided
deforestation). The Project also supports the establishment of Legal
Reserves through several activities which will result in forest

Table 2
Mitigation potential calculated with EX-ACT, in Mt  CO2e, of Rio Rural, by project
activity (positive values correspond to net emissions, negative values to sinks or
avoided emissions).

Project activities Mt  CO2 % of total
GHG
mitigated

% of total
GHG
emitted

Protection of springs and
streams and support to the
establishment of the Legal
Reserves

−0.52 60.6 –

Expansion of agro-forestry
systems

−0.27 31.1 –

Improved annual crop
management

−0.02 2.1 –

Improved grassland
management

−0.02 2.3 –

Improved feeding practices of
dairy cattle

−0.04 4.6 –

Total GHG mitigated −0.86 100.0 –
Support to small agro-industry 0.010 – 94.7
G. Branca et al. / Land U

f environmentally sound practices that facilitate forest regenera-
ion or rehabilitation (e.g. fencing of riparian areas, agro-forestry,
lanting of native species in APPs and LRs for full protection); cre-
tion of ecological corridors; and rehabilitation of degraded lands.

Similarly, Rio Rural activities identified as having potential
mpact on C-balance are: protection of springs and streams
encourage farmers to conserve forested areas around springs and
treams by installing fences to protect forest from cattle grazing,
nd monetary incentives for farmers to cease exploiting these zones
nd planting native forest in degraded zones); support establish-
ent of LRs (support farmers to comply with current Brazilian

orest Code by undertaking topographic surveys, environmental
icensing and notarization of “in-process” LR, provide incentives
o farms that have not entered into the process, and fund re-
lantation of native vegetation in degraded zones); expansion of
gro-forestry; improvement of annual crop management (crop
iversification; integrated pest management and biological con-
rol of pests and diseases; bio-fertilization and, in particular, use
f compost, organic fertilizer and green manure, soil analysis and
ational use of fertilizers; zero and minimum tillage, planting con-
our, inter/relay cropping and mulching; irrigation management);
mprovement of grassland management (restore degraded pas-
ures by improving rotations and support production of sugar-cane
orage to feed cattle); improvement of feeding practices for dairy
attle; support small agro-industry and construction of sanitary
nstallations; use of lime to control soil acidification and sustain-
ble use of agro-chemicals. Also, the analysis considers that Rio
ural implementation is expected to intensify technical assistance
f 400 project implementers currently operating in the area, result-
ng in a substantial increase in the annual fuel consumption and,
gain, an expected increase in GHG emissions.

Land-use change promoted by Project activities are shown in
he land-use matrices developed for the ‘with project’ and ‘without
roject’ scenarios (Figs. 4 and 5). The matrices show that SC Rural
ill cause a relevant increase in the size of perennial crops, as a

esult of the expansion of agro-forestry activities on annual crop-
and, grassland and degraded land: the initial 41,839 ha of perennial
rops will increase to 100,837 ha as a result of conversion from
nnual crops (3033 ha), grassland (55,178 ha) and degraded land
9505 ha). This will not be the case in the ‘without project’ sce-
ario, where the initial 41,839 ha of perennial crops will decrease
y 210 ha, which will most likely become degraded land (Fig. 4).
he matrices also show that the implementation of Rio Rural is
xpected to determine an increase in forest area (as an effect of the
ctivities aimed at enhancing the areas of permanent protection
onverting grassland and degraded land to forest/plantation and
erennials) and an expansion in agro-forestry systems (Fig. 5). For
oth projects, the implementation phase is six years (with a linear
ynamic of change), followed by a capitalization phase of 14 years.

esults and discussion

itigation potential of project activities and land-use implications

The overall C-balance of each project, computed as the differ-
nce between C sinks and sources over 20 years, shows that SC
ural activities have the potential to create a sink of 12.2 Mt  CO2e,
equestering 14.3 Mt  CO2e and emitting 2.1 Mt  CO2e (Table 1).
hese results are much higher than in the case of Rio Rural
ctivities, which show a smaller sink potential equal to 0.85 Mt
O2e, computed as a difference between 0.86 Mt  CO2e sequestered

nd 0.01 Mt  CO2e emitted (Table 2). Considering the difference
etween project area size (661,001 ha for SC Rural and 227,811 ha
or Rio Rural), it is expected that each project’s average miti-
ation potential will also differ. In fact, estimated results show
Total GHG mitigated −14.3 100.0 –
Total C-balance −12.2 – –

that SC Rural activities have a higher average mitigation poten-
tial (0.92 t CO2e ha−1 yr−1) when compared to Rio Rural activities
(0.2 t CO2e ha−1 yr−1).

Impact of the protection of springs and streams and Legal Reserves

Natural resource conservation activities show high mitigation
impact. For example, most Rio Rural mitigation potential (more
than 60%) is related to protecting springs and streams, and sup-
porting Legal Reserve activities. The project encourages farmers to
conserve forested areas around springs and streams (install fences
to protect land from cattle grazing and provide monetary incen-
tives for farmers to cease exploiting these zones) which will result
in avoided deforestation, natural forest regeneration, and planta-
tion of native forest on most degraded zones, thus protecting 900 ha
Technical assistance for project
implementation

0.001 – 5.3

Total GHG emitted 0.011 – 100.0
Total C-balance −0.85 – –
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With out  Pro ject dnalssarG/tseroF

Plantatio n Annu al Perenni al Rice Degraded Other Total Ini tia l

INITIAL For est/ Plantatio n 0 0 0 0 6,2 0 0 6

Annu al 0 22510 4 0 0 0 0 0 225104

Cropland Perennial 0 0 0 0 0 0 0 0

Rice 0 0 0 0 0 0 0 0

Grasslan d 0 0 0 0 691 0 0 691

Other Land Degraded 0 0 0 0 0 201 0 0 20 10

Other 0 0 0 0 0 0 0 0

Total Fina l 0 22510 4 0 0 697 201 0 0 227811

With Project dnalssarG/tseroF

Plantatio n Annu al Perenni al Rice Degraded Other Total Ini tia l

INITIAL For est/ Plantatio n 6,2 0 0 0 0 0 0 6

Annu al 0 22510 4 0 0 0 0 0 225104

Cropland Perennial 0 0 0 0 0 0 0 0

Rice 0 0 0 0 0 0 0 0

Grasslan d 0 0 0 0 691 0 0 691

Other Land Degraded 910 0 1100 0 0 0 0 20 10

Other 0 0 0 0 0 0 0 0

110 0 0 691 0 0 227811

Cropland

Cropland

FINAL

Other L and

FINAL

Other L and

(data in ha) (Facsimile of EX-ACT output).
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Table 3
Expansion of agro-forestry systems in the SC Rural project area.

Previous land use Area (ha)

Degraded land 533
Degraded grassland 7538
Area under reforestation 8718
Annual cropland 3033
Natural grassland 37,042
Non degraded planted grassland 18,136
Total Fina l 916,2 22510 4 

Fig. 5. Land use matrix of Rio Rural 

egeneration and re-plantation of native vegetations (protecting
00 ha of forests).

EX-ACT results show that this set of activities in Rio Rural will be
esponsible for sequestering 521,468 t CO2e, of which 4302 t CO2e
rom ‘avoided deforestation’ of tropical rainforest: it is assumed
hat the grassland type after deforestation will most likely be non-
egraded and would remain as such with no fire use. The remaining
17,166 t CO2e will result from forest regeneration and establish-

ng native forest plantations: it is assumed that forest cover will be
egenerated on degraded grassland through naturally re-growing
tands with reduced or minimum human intervention (extensively
anaged forest). Given the climatic conditions of the Rio Rural

roject area, the vegetation type has been classified as natural trop-
cal rainforest. This affects the growth rate of trees and the process
f biomass gains and losses: for natural forests less than 20 years
ld, it is estimated that above-ground biomass is equal to 11 t of dry
atter per ha per year (t dm ha−1 yr−1), and below-ground biomass

s equal to 4.07 t dm ha−1 yr−1. Default value for litter (3.65 t C ha−1)
s based on the average between values for broadleaf deciduous
nd needleleaf deciduous forests, while soil C estimates are based
n default references for soil organic C in mineral soils at a 30 cm
epth (Bernoux et al., 2011). There are no estimates available for
ead wood C stocks; therefore the corresponding value is set equal
o 0, while default value for soil C is set equal to 47 t C ha−1.

mpact of agro-forestry activities

As both case studies show, the implementation of agro-forestry
ctivities is also expected to result in high mitigation impact. Most
itigation potential of SC Rural is related to expansion of agro-

orestry systems – with different levels of cropping intensity and
iological complexity depending on the ecological conditions of the
roject areas – and to promotion of the integration between woody
erennials and crops, shrubs, and/or animals on the same land
anagement unit, with a consequent change in land use (Table 3).
The expansion of agro-forestry systems will also have a signif-

cant mitigation effect (31.1% of total project mitigation potential)

n the case of Rio Rural, which promotes the plantation of native
orest on degraded grasslands using a mix  of tree species generally
omposed of two-thirds native (more than 20 types) and one-third
xotic commercial species.
Total 75,000

Expanding agro-forestry activities is expected to determine a
change in both biomass and soil C stock. It should be specified
that currently no default values for agro-forestry systems are avail-
able from IPCC. Therefore, the present analysis has adopted default
values for perennial crops although, in some cases, a conserva-
tive approach is followed by considering a smaller area so as
not to overestimate mitigation potential. Although the projects
have differences in climate types, the case studies present simi-
lar results concerning biomass C stocks: under temperate moist
climate in the SC Rural project area, expanding perennial crops on
degraded grasslands will cause an increase in biomass C stock from
1.0 to 2.1 t C ha−1, corresponding to 4 t CO2e mitigated. Biomass
will also increase as a consequence of land management: above-
ground biomass growth is set using the IPCC default value of
2.1 t C ha−1 yr−1, so that total CO2e mitigated by agro-forestry activ-
ities promoted by SC Rural will amount to 127.05 t CO2e over 20
years.

A similar increase in biomass C stock (from 1.0 to 2.6 t C ha−1)
is also expected for Rio Rural as a result of land-use change under
tropical moist climate conditions: this corresponds to 6453 t CO2e
mitigated over 20 years. Biomass will also increase as a conse-
quence of the land management: above-ground biomass growth is
set using the IPCC default value of 2.1 t C ha−1 yr−1, corresponding
to 139,755 t CO2e mitigated from biomass over 20 years.

The EX-ACT module “other land-use change” takes into account
the calculations done by IPCC with reference to the changes in land

use, while the EX-ACT module “perennials” considers the changes
associated with the land management, helping to correct the nomi-
nal baseline according to the specific land management. Therefore,
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Table 4
Annual mitigation potential of selected SLM practices used in EX-ACT, considering
only CO2 effect.

Management category Annual mitigation
potential
(t CO2e ha−1 yr−1)

Improved agronomic practices 0.88
Nutrient management 0.55
Tillage/residue management 0.70
G. Branca et al. / Land U

he results of the computations from the two modules should be
onsidered as additive in this case.

For example, in SC Rural, the conversion from degraded land
o perennials will cause an increase in soil organic C stock from
0.8 to 63.0 t C ha−1, corresponding to 7.7 t CO2e mitigated. Peren-
ial systems can also store C in soil: default C storage amounts to
.7 t CO2e ha−1 yr−1 for warm moist regions. Similarly, the expan-
ion of agro-forestry on annual cropland (3033 ha) in SC Rural will
etermine an increase in soil organic C and an increase in biomass

 after a limited decrease in the first year as a result of the land-
se change. On the contrary, it is assumed that the expansion of
gro-forestry on the area under reforestation (8718 ha) in SC Rural
ill cause a reduction in biomass C as a consequence of decreased

ree intensity and a reduction in soil organic C content as a con-
equence of the land-use change. The effect will be a net source
f 2.1 t CO2e ha−1 yr−1. Lastly, the expansion of agro-forestry sys-
ems on grassland (37,042 + 18,136 ha) will represent a source of
HG emissions due to a loss in biomass C as a consequence of the

and-use change, while it is assumed there will be no change in soil
rganic C. Nonetheless, as a consequence of land management over
he first year, and in subsequent years, of SC Rural implementation,
he system will accumulate biomass C so that the net effect will
e a sink of 6.4 t CO2e ha−1 yr−1. Overall, this set of activities will
reate a net C sink of 8,8 Mt  CO2e over 20 years, corresponding to
n average net C sequestration capacity of 5.9 t CO2e ha−1 yr−1.

Similar to SC Rural, the conversion from degraded land to peren-
ials will cause the increase in soil organic C stock in the Rio
ural project area (from 15.5 to 47.0 t C ha−1, corresponding to
07,958 t CO2e mitigated) and perennial systems will store C in soil
0.7 t CO2e ha−1 yr−1 for tropical moist regions), so that total miti-
ation potential is equal to 13,090 t CO2e. The total amount of CO2
itigated from soil organic C as a result of Rio Rural’s expansion

f agro-forestry systems will therefore amount to 121,048 t CO2e
ver 20 years. Total mitigation potential of the expansion of
gro-forestry systems under Rio Rural is computed by adding the
itigation potentials from biomass and soil organic C: overall, this

ctivity will create a net C sink of 267,256 t CO2e over 20 years, i.e.
2.1 t CO2e ha−1 yr−1.

mpact of improved grasslands management

The mitigation potential of improved grassland management
s related to the adoption of specific management practices such
s pasture rotations and forage production as an alternative to
razing. The Fourth Assessment Report of the IPCC indicates
hat improved grazing land management has the second highest
echnical potential for mitigating C emissions from agricultural

anagement changes (Smith et al., 2007). Many of the changes
eeded to sequester C through improved grassland management
re also associated with improved rangeland productivity and rural
ncomes (Lipper et al., 2010). In the case of degraded grasslands,
and rehabilitation might include a combination of cultivation
bandonment, controlled grazing, erosion control, soil fertility
mprovement, plant introduction and seed dispersal, and reforesta-
ion, depending on the degree of severity of degradation (Woomer
t al., 2004).

Considering the activities of SC Rural, the adoption of improved
rassland management practices on the 138,152 ha will create a

 sink of 3,797,660 t CO2e over 20 years. EX-ACT also takes into
ccount the impact on the C-balance of the management of land

onverted to grassland from other uses (as a result of other project
ctivities), so that total grassland mitigation potential will climb to
.8 Mt  CO2e over 20 years.

Mitigation potential promoted by improved grasslands under
io Rural activities is not significant and thus not discussed here.
Water management 1.14
Manure application 2.79

Impact of improved cropland management

Both projects will increase the adoption of sustainable land
management (SLM) practices such as: improved agronomic prac-
tices (improved crop varieties, extended crop rotations, particularly
with legumes); integrated nutrient management (improved effi-
ciency of fertilizer applications); improved tillage management
(switch from minimum tillage to no-tillage); better water man-
agement (enhanced irrigation practices); and manure application
and residue management. Many of these practices may increase
crop yields and thus generate higher residues with positive effects
in terms of mitigation (because of increased C biomass and soil
C stocks). For instance, increasing available water in the root
zone through water management can enhance biomass production,
increase the amount of above-ground and root biomass returned to
the soil, and improve soil organic C concentration. Some practices
may  also lead to a reduction in N2O and C sources. For example,
integrated nutrient management can reduce emissions on-site by
reducing leaching and volatile losses, improving N use efficiency
through precision farming and improved fertilizer application tim-
ing (FAO, 2009).

EX-ACT computes the mitigation potential of this set of activities
in terms of soil C change for a 20-year time horizon using only CO2
emissions factors for the relevant climate (Table 4).

Final emission factors reported by Smith et al. (2007) are higher
because they also consider non-CO2 emissions (i.e. emissions from
other GHGs). For example, it is estimated that improved agronomic
practices are able to store 0.98 t CO2e ha−1 yr−1 instead of 0.88 as
used in EX-ACT. Nevertheless, a conservative approach is used here:
only the mitigation effect related to CO2 emissions are taken into
account. EX-ACT also assumes that when different land manage-
ment practices are applied simultaneously on the same land, the
final effect will be determined by the practice with the highest
mitigation potential, i.e. the model will pick the highest coeffi-
cient instead of adding up the single coefficients corresponding
to each practice (Bernoux et al., 2011). This precautionary option
will also prevent the model from overestimating the impact of SLM
techniques which require simultaneous adoption of different agri-
cultural practices such as conservation agriculture, which implies
minimal soil disturbance, permanent soil cover and crop rotations.

With reference to SC Rural, total mitigation impact of adoption
of improved cropland practices will amount to 0.5 Mt CO2e over
20 years. Concerned crops are: beans, millet, soybeans, tomatoes,
onion, rice, potato, and cassava: it is assumed that most farmers are
already adopting SLM practices (90% of cropland) and that project
implementation will expand the area managed sustainably so that,
in the ‘with project’ scenario, 100% of annual croplands will be
managed using SLM practices (Table 5).

Therefore, annual mitigation potential of these activities is equal
to 0.1 t CO2e ha−1 on an area of 281,246 ha.
EX-ACT also computes the changes in input (agro-chemicals)
use corresponding to the changes in annual crop management.
The results for SC Rural show that in the ‘with project’ scenario
there will be an increase in the GHG emissions of 2.2 Mt  CO2e
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Table 5
Cropland area under SLM (ha).

Crops Area (ha)

Without project With project

Beans 32,429 36,032
Millet 21,637 24,041
Soybeans 111,505 123,894
Tomatoes 24,944 27,715
Onion 5856 6507
Rice  (rainfed) 46,280 51,422
Potato 2624 2915
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Table 7
Reduction of CH4 emissions consequent to the adoption of additional technical
practices in South America used in EX-ACT.

Livestock
category

Feeding
practices

Specific dietary
agents

Management
breeding

% reduction CH4 emissions

Dairy cattle 6.0 3.0 2.0

T
I

Cassava 7848 8720

Total 253,121 281,246

ver 20 years. These include: CO2 emissions from lime and urea
pplication (10% of total), N2O emissions from N application on
anaged soils (17%), and CO2e emissions from production, trans-

ortation, and storage of agricultural chemicals which contribute
ost (73%) to total emissions from agro-chemicals (which should

e considered as normal, given the high energy requirements for
he production, extraction and transportation process). This is the
ffect of the increase in input use as a result of the increased crop-
and area (+8718 ha) foreseen with project activities, although the
mplementation of SLM practices is expected to increase the effi-
iency of the input use and cause, on average, a reduction of the use
f agro-chemicals on a per ha base.

Improved annual crop management activities foreseen under
io Rural have a minor mitigation potential or represent a small
ource of GHG emissions. Thus, while they have been taken into
ccount in the analysis, they are not discussed here.

mpact of improved livestock production

Regarding livestock production, although the implementation
f activities in both projects will result in an increase in dairy cat-
le and sheep population, only results related to SC Rural have
hown any significant mitigation potential and thus only these are
onsidered in the following discussion. EX-ACT estimates for CH4
missions from enteric fermentation and manure management,
s well as nitrous oxide (N2O) emissions from manure manage-
ent were produced. CH4 emissions from manure management

re those produced during storage and treatment of manure as
ell as from manure deposited on pasture, while N2O emissions

re produced, directly or indirectly, during storage and treatment
f manure (solid and liquid). Since EX-ACT adopts a Tier 1 approach,
nly animal population data, together with the mean annual tem-
erature, are needed to estimate the relative emissions. Default
alues for CH4 emissions from enteric fermentation and manure
anagement used in EX-ACT computations are shown in Table 6

ogether with the N excretion rates adopted to compute N2O emis-

ions from manure management. The mean annual temperature
hosen at the beginning of the analysis for SC Rural is a critical
arameter here as it affects both enteric fermentation and manure
anagement and relative emissions.

able 6
PCC default values for methane emissions from enteric fermentation and manure manag

CH4 from enteric fermentation 

(kg CH4/head/yr) 

Dairy cattle 63.00 

Other cattle 56.00 

Sheep 5.00 

Swine (market) 1.50 

Horses 18.00 

Poultry 0.00 
Other cattle 3.0 2.0 3.0
Sheep 2.0 0.1 0.2

The project is also implementing specific feeding practices for
cattle and sheep, together with improved breeding management,
which may  contribute to reduce GHG emissions. Smith et al. (2007)
showed that use of higher level of concentrates may  increase CH4
emissions per animal, but also increase productivity (meat and
milk), thus resulting in an overall reduction of CH4 emissions per
unit of product (Table 7).

It is estimated that SC Rural will have an additional technical
mitigation potential consequent to the adoption of such practices
as shown in Table 8.

Overall, SC Rural activities related to livestock production rep-
resents a net C source of 0.28 Mt  CO2e over 20 years.

Impact of technical assistance and training activities

It is interesting to mention that the analysis has also consid-
ered the effect on GHG emissions of project activities aimed at
providing technical assistance, training and extension services. In
the Rio Rural case study, project implementation is expected to
intensify the work of the 400 technicians currently operating in
the 59 municipalities and 270 micro-watersheds/rural communi-
ties which are being targeted by the Project. Therefore, Rio Rural
activities are expected to triple total fuel consumption, from 189 m3

to 630 m3, resulting in significantly increased GHG emissions. To
cope with this expected source of emissions, the Project is expected
to increase the use of ethanol as a fuel source, promoting the use
of cars equipped with a new technology which uses 100% ethanol
as fuel, thus reducing oil consumption and associated emissions: it
is estimated that gasoline will emit 2.85 t CO2e m−3 (default value
from IPCC) while ethanol will emit only 0.51 t CO2e m−3 (Dias de
Oliveira et al., 2005). An alternative and slightly more optimistic
value of 0.4265 t CO2e m−3 is used by Macedo et al. (2008):  it rep-
resents an average of the values found for hydrous and anhydrous
production of sugar-cane bio-ethanol in 2005–2006 in Brazil. Nev-
ertheless, the adoption of this alternative coefficient would have
not changed significantly the results. Similarly, in the SC Rural
study, the expansion of training and extension services is expected
to intensify and expand the work of technicians (trainees and
extension service staff) currently operating in the area, increas-
ing fuel consumption by 146.16 m3 yr−1. Current fuel consumption

for ongoing extension and training activities in the area amounts
to 517 and 172.3 m3 yr−1 of gasoline and ethanol, respectively. By
using the same 3:1 ratio of the two  fuel types, it is expected that
fuel consumption ‘with project’ will increase slightly to 626.62

ement in S. America used in EX-ACT.

CH4 from manure management N excretion rate

(kg CH4/head/yr) (kg N/t animal mass/day)

1.00 0.48
1.00 0.36
0.15 1.17
1.00 1.64
1.64 0.46
0.02 0.82
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Table  8
Adoption of additional technical practices in livestock production in the ‘with project’ and ‘without project’ scenarios.

Livestock category Feeding practices Management breeding

Without project With project Without project With project

% of population with practices % of population with practices
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0.77 Mt  CO2e (Fig. 7).
It is interesting to note that the values in the “most likely” sce-

narios are similar to what has been estimated in the main scenario,
Dairy cattle 30 5
Other cattle 5 1
Sheep 5 1

nd 208.84 m3 yr−1 of gasoline and ethanol, respectively, not sig-
ificantly increasing the level of GHG emissions. Other projects
ctivities (i.e. support to the implementation of small-scale agro-
ndustry and to the construction of sanitary installation, ecological
orridors and land rehabilitation) have minor mitigation potential
r represent a small source of GHG emissions. Therefore, although
hey have been considered in the analysis, they are not discussed
ere.

cenario analysis

An analysis of alternative scenarios has been carried out to deal
ith the uncertainty of data used. Two different scenarios are built,

ne more “pessimistic” and one more “optimistic” with respect to
he main scenario outlined above, considering a change in the rate
f adoption of practices promoted by the projects.

With respect to SC Rural’s main scenario, the “pessimistic” sce-
ario considered: a 30% decrease of the cropland area which will
e managed with SLM practices; a 50% reduction of the grassland
rea by introduction of improved grassland management options;

 reduction in the percentage of livestock population by additional
echnical practices (i.e. feeding and management-breeding). Also,

 20% increase in fuel consumption (both diesel and gasoline) and a
0% increase in electricity consumption is hypothesized. The results
how that the mitigation potential of SC Rural in the “pessimistic
cenario” will be equal to 10.0 Mt  CO2e, corresponding to a 17%
eduction with respect to the main scenario.

The “pessimistic” scenario built for Rio Rural considered that the
ate of adoption of the agricultural practices proposed by project
ctivities among farmers could be lower than 100% (as implicitly
ssumed in the main scenario), mainly because of the extra invest-
ent needed in terms of capital and labor, as well as a certain

armer’s resistance to change current practices (a cultural fac-
or). However, previous experiences in south Brazil have shown
hat spontaneous adoption of improved practices may  occur in
on-project targeted areas (World Bank, 2000). Therefore, in the
pessimistic” scenario, it is assumed that the adoption rate of some
f the practices with more capital and labor requirements is 50%.
esults show that Rio Rural mitigation potential in the “pessimistic
cenario” will be equal to 0.52 Mt  CO2e, corresponding to a 39%
eduction with respect to the main scenario.

The “optimistic” scenario for SC Rural is built by assuming that
he adoption rate of the activities promoted by farmers will be
aster than expected. While in the main scenario it is prudentially
ssumed that the adoption dynamic will be linear, in the optimistic
cenario it is assumed as exponential for most project activities, i.e.
anagement of grasslands and annual crops, expansion of peren-

ial crops, fencing of riparian areas, expansion of agro-forestry
ystems, creation of ecological corridors and land rehabilitation. In
his scenario it is also assumed that the impact on GHG emissions
rom production, transportation and storage of agricultural chem-

cals will be lower than in the main scenario. Default values used
o estimate this impact are extremely uncertain and correspond
o world averages, considering that in most cases the production
f agricultural inputs is realized outside the country of the project
20 40
20 40
20 40

with high levels of emissions due to transportation. This is cer-
tainly true for most developing countries. Nevertheless, in the case
of Brazil, it is plausible to assume that project developers could
organize the procurement of agro-chemicals on a national basis,
thus avoiding the purchase of inputs produced abroad. Therefore,
in the “optimistic” scenario, a specific factor corresponding to the
lower limit in the range provided by Lal (2004) is used instead of the
EX-ACT default that corresponds to the central values of the same
range, with a reduction of 61% in GHG emissions from production,
transportation and storage of agricultural chemicals. Results show
that SC Rural mitigation potential in the “optimistic scenario” will
be equal to 14.2 Mt  CO2e, corresponding to a 16% increase with
respect to the main scenario.

Lastly, the “optimistic” scenario for Rio Rural was built by taking
into account that project activities also include rehabilitating rural
roads in many areas. This activity was  not considered in the main
scenario because of lack of precise data. Otherwise, it is expected
that recovering and maintaining 1300 km of rural roads will pro-
duce socio-economic benefits in terms of reduced transportation
costs and increased people mobility, but it may  also have environ-
mental benefits as an overall reduction of GHG emissions in the long
run: road rehabilitation will temporarily increase fuel consumption
as a result of the construction work, but in the end it will reduce
erosion and GHG emissions from soil degradation. Also, roads in
better conditions will lower fuel consumption and relative GHG
emissions. In the same scenario, it is also assumed that the expan-
sion of improved feeding practices in livestock production will be
higher than expected (50% of heads with practices instead of 20% as
hypothesized in the main scenario), therefore the additional tech-
nical mitigation of this activity will be higher. Results show that Rio
Rural mitigation potential in the “optimistic scenario” will be equal
to 1.02 Mt  CO2e, corresponding to a 20% increase with respect to
the main scenario.

Based on the results for the “pessimistic” and “optimistic” sce-
narios, the sensitivity analysis is completed with the identification
of a “most likely” scenario, computed as the average of the results
obtained under the “optimistic” and “pessimistic” scenarios. It is
estimated that SC Rural will “most likely” be able to mitigate 12.1 Mt
CO2e (Fig. 6), while Rio Rural will “most likely” be able to mitigate
Fig. 6. Sensitivity analysis for SC Rural.
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Fig. 7. Sensitivity analysis for Rio Rural.

howing the robustness of the results obtained by applying the
X-ACT methodology to the case studies presented here.

conomic analysis: opportunities for co-financing from the
arbon sector

Previous sections have shown that EX-ACT can be used to esti-
ate the mitigation potential of rural development projects. Such

stimates would be of great relevance for building approaches
o crediting GHG emissions reductions and providing a basis for
eceiving public or private financing from the C sector. Given
he magnitude of investment requirements needed to achieve
ustainable agricultural systems in the wake of years of declin-
ng investment and neglect, accessing climate finance to support
ectoral development is quite important. Mitigation financing
or agriculture could potentially be from public or market-based
ources and integrated with existing official development assis-
ance (ODA). However, a major barrier to accessing mitigation
nance for the sector is related to transaction costs associated with:
ethodology development, feasibility assessment, legal agree-
ents, and measuring, reporting and verification (MRV). Such costs

ary by the type of financing source as well as the institutional
apacity already existing in country (FAO, 2009).

It is possible to classify agricultural development projects in
erms of their mitigation crediting potential according to the four
ollowing types: (i) type 0 – no mitigation potential; (ii) type 1 –
ow mitigation potential; (iii) type 2 – medium mitigation poten-
ial; and (iv) type 3 – high mitigation potential (Branca et al., 2010):
ype 0 projects have no mitigation potential (e.g. they are a net
ource of GHG emissions) and they are not taken into consideration
ere as they cannot benefit from any additional financing from the
 sector. On the contrary, type 1 to type 3 projects exhibit positive
itigation potential since the activities implemented result in an

ncrease in biomass above and below ground and/or soil organic C,
lbeit with varying intensities (Fig. 8).

Fig. 8. Financing options for agriculture de
dapted from FAO (2009).
icy 30 (2013) 507– 518

Type 1 projects have low mitigation potential and, where mit-
igation benefits are insufficient to support costs associated with
crediting, agricultural development investment funds and ODA are
likely to be the most appropriate source of funds. For type 2 projects,
the mitigation benefits are higher thus capable of supporting low
cost MRV  crediting approaches. In these cases, public-sector finance
for mitigation – either international or national – could be a possible
option which could function as an “add-on” to agricultural invest-
ment projects with financing from other sources. It would be the
case, for example, of a project aimed at implementing agricultural
practices which improve agricultural productivity and resilience,
thus contributing to food security in developing countries, but also
generating mitigation co-benefits. Type 3 projects have significant
mitigation benefits that could support relatively high MRV costs for
crediting. In fact, enabling smallholders to access carbon finance
requires adoption of MRV  standards to demonstrate that carbon
credits are real, additional, quantified and monitored, and have
been independently verified. In these cases, considering the poten-
tial of accessing higher value, private-sector mitigation financing
sources may  be an option. This type of project may be designed and
developed primarily for the mitigation benefit – but with significant
agricultural and food security co-benefits.

Methodology development and other transaction costs to access
mitigation finance can vary substantially, depending on the level of
novelty and complexity of the project. Elements that lower devel-
opment costs include: existence of validated methodologies that
can serve as precedent or template, availability of baseline data, and
demonstrated mitigation and sequestration technical packages.
The presence of effective institutions among project participants,
which can support monitoring activities as well as manage car-
bon revenues, will further lower transaction costs (Lipper et al.,
2011). It is not easy to estimate such transaction costs given the
wide variation in circumstances and the general lack of informa-
tion available. However, for the purpose of this paper, it is assumed
that the transaction costs for publically funded mitigation actions
are equal to US$4/t CO2e ha−1 yr−1, which is an arbitrary but plau-
sible value based on some literature available (Cacho et al., 2005;
Lipper et al., 2010; Mooney et al., 2004). Transaction costs for sell-
ing C credits on the market will obviously be higher, given the
number and type of requirements, apart from implementation of
project activities, e.g. feasibility assessment and project idea note
preparation, project design document development, methodology
development and approval, validation and registration, MRV and
certification (Cacho and Lipper, 2006; Lipper et al., 2011).
Using this categorization of projects, both SC Rural and Rio Rural
can be classified as type 1 projects without any feasible option of
being financed on the C sector. SC Rural’s average mitigation poten-
tial amounts to 0.92 t CO2e ha−1 yr−1. Using a relatively low price of

velopment and mitigation projects.
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S$3 per t CO2e, which was the average C price for agricultural soil
 at retail level on the voluntary C market in 2008 (Hamilton et al.,
009), the average mitigation value of the project will amount to
S$2.76 per t CO2e (per ha and per year), which is below the level
f transaction costs for public implementation (US$4 per t CO2e).
imilarly, Rio Rural’s average mitigation potential will be equal to
.19 t CO2e ha−1 yr−1, i.e. US$0.57 per t CO2e (per ha and per year),
ell below the level of transaction costs for public implementation.

However, it is interesting to note that a relatively limited change
n the design of SC Rural could slightly increase its mitigation poten-
ial and expand C financing opportunities. For example, mitigation
otential of the project in the “optimistic scenario” is equal to
.1 t CO2e ha−1 yr−1. Clearly, if the project is designed with explicit
ultiple objectives and specific mitigation activities, and if the

orresponding mitigation potential value exceeds the level of trans-
ction costs for public implementation, the project could then
otentially be considered for public financing for low-carbon agri-
ulture. This being the case, since SC Rural’s annual mitigation
otential would be equal to 0.6 Mt  CO2e, mitigation benefits would
e worth US$1.8 million yr−1 at the price of US$3 per t CO2e. Given
hat total average project cost is US$31.5 million yr−1, public C
nance would therefore potentially cover about 6% of these costs.

onclusions

The analysis has shown that both SC Rural and Rio Rural
ill be successful at promoting activities aimed at reducing rural
overty while contributing to climate change mitigation. The two
rojects entail agricultural intensification and increased produc-
ivity, expected to reduce pressure over the native Atlantic Forest.
he projects are being implemented in states where past agricul-
ural policies have encouraged agricultural expansion, thus the loss
f original vegetation cover, and unmanaged occupation of land has
esulted in millions of ha of impoverished soil.

The use of the EX-ACT tool produced estimates indicat-
ng that both projects will have positive mitigation ben-
fits: Rio Rural is characterized by an average mitigation
otential of 0.19 t CO2e ha−1 yr−1 while SC Rural can mitigate
.92 t CO2e ha−1 yr−1. These results correspond to the type of inter-
ention financed by the projects and the corresponding changes in
and use: Rio Rural is concerned more with management of pro-
uctive systems, while SC Rural has a wider spectrum of actions
ith relatively greater weight on activities aimed at conserving

orest resources and biodiversity, rehabilitating degraded land and
xpanding agro-forestry systems. Nevertheless, Rio Rural could
xpand support to enhance landholders’ capacity to comply with
razilian laws governing LRs and APPs – which are among the activ-

ties which contribute most to determining SC Rural’s mitigation
otential. For historical reasons, most agricultural properties in the
tate of Rio de Janeiro, as in most regions across the country, are
urrently not complying with the legislation which requires main-
aining forest cover in sensitive areas (riversides, high slopes) as
ell as in a percentage of agricultural properties total area.

The EX-ACT methodology can be effective for providing guid-
nce during project design – to assist project developers in refining
roject activities so as to increase the environmental benefits of
he project itself – and providing a basis for assessing the poten-
ial and appropriate approach for possible crediting for mitigation
nance. This initial analysis could be extended either during project

mplementation or through additional financing and future loans.
oth projects could benefit from future applications of EX-ACT at
ocal/micro-catchment level, where a more detailed data set will
ikely be available as a result of the comprehensive diagnostic and
lanning approach adopted. Also, since EX-ACT is a specific tool
imed at estimating the mitigation potential of project activities, it
icy 30 (2013) 507– 518 517

could be used together with other tools or methodologies adopted
to assess a wider range of environmental services linked to agricul-
tural production and farming systems development.
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Piccolo, M.,  Ranger, J., 2008. Influence of land use (savanna, pastures, Eucalyptus
plantations) on soil organic matter stocks in Brazil. European Journal of Soil
Science 59, 863–877.
cKinsey & Company, 2009. Pathway to a low carbon economy for Brazil – McK-
insey & Company report. 46 pp. Available from: http://www.mckinsey.com/
en/Client Service/Sustainability/Latest thinking/∼/media/McKinsey/dotcom/
client service/Sustainability/cost%20curve%20PDFs/pathways low carbon
economy brazil.ashx (accessed 30.07.11).
icy 30 (2013) 507– 518

Milne, E., Al-Adamat, R., Batjes, N.H., Bernoux, M.,  Bhattacharyya, T., Cerri, C.C., Cerri,
C.E.P., Coleman, K., Easter, M.,  Falloon, P., Feller, C., Gicheru, P., Kamoni, P., Kil-
lian, K., Pal, D.K., Paustian, K., Powlson, D., Rawajfih, Z., Sessay, M.,  Williams, S.,
Wokabi, S., 2007. National and sub national assessments of soil organic carbon
stocks and changes: the GEFSOC modelling system. Agriculture Ecosystems and
Environment 122, 3–12.

Mooney, S., Brown, S., Shoch, D., 2004. Measurement and monitoring costs: influence
of  parcel contiguity, carbon variability, project size and timing of measurement
events. Report to The Nature Conservancy Conservation Partnership Agree-
ment. Winrock International. 20 pp. Available from: http://www.winrock.org/
ecosystems/files/Mooney et al MMCosts-1-15-04.pdf (accessed 30.07.11).

Palmer, C., Silber, T., 2012. Trade-offs between carbon sequestration and rural
incomes in the N’hambita Community Carbon Project, Mozambique. Land Use
Policy 29, 83–93.

Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H.H., Kumar, P., Mccarl, B.,
Ogle, S., O’mara, F., Rice, C., Scholes, R.J., Sirotenko, O., 2007. Agricul-
ture. In: Metz, B., Davidson, O.R., Bosch, P.R., Dave, R., Meyer,.A. (Eds.),
Climate Change 2007: Mitigation. Contribution of Working Group III to
the  Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, http://www.ipcc.ch/publications and data/ar4/wg3/en/ch8.html
(accessed 30.07.11) (Chapter 8).

Sorrensen, C., 2009. Potential hazards of land policy: conservation, rural develop-
ment and fire use in the Brazilian Amazon. Land Use Policy 26, 782–791.

United Nations Framework Convention on Climate Change [UNFCCC], 2008.
Challenges and opportunities for mitigation in the agricultural sector.
Technical paper FCCC/TP/2008/8. 101 pp. Available from: http://unfccc.int/
resource/docs/2008/tp/08.pdf (accessed 30.07.11).

World Bank, 2000. Implementation Completion Report of the Land Management
II  – Santa Catarina Project. WB Report No. 20482. June 7, 2000, 38 pp. http://

www-wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2000/
09/01/000094946 00081805495087/Rendered/PDF/multi page.pdf (accessed
30.08.11).

Woomer, P.L., Touré, A., Sall, M.,  2004. Carbon stocks in Senegal’s Sahel transition
zone. Journal of Arid Environment 59, 499–510.

http://www.ecosystemmarketplace.com/documents/cms_documents/StateOfTheVoluntaryCarbonMarkets_2009.pdf
http://www.ecosystemmarketplace.com/documents/cms_documents/StateOfTheVoluntaryCarbonMarkets_2009.pdf
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
dx.doi.org/10.1016/j.envint.2004.03.005
http://www.mckinsey.com/en/Client_Service/Sustainability/Latest_thinking/~/media/McKinsey/dotcom/client_service/Sustainability/cost%20curve%20PDFs/pathways_low_carbon_economy_brazil.ashx
http://www.mckinsey.com/en/Client_Service/Sustainability/Latest_thinking/~/media/McKinsey/dotcom/client_service/Sustainability/cost%20curve%20PDFs/pathways_low_carbon_economy_brazil.ashx
http://www.mckinsey.com/en/Client_Service/Sustainability/Latest_thinking/~/media/McKinsey/dotcom/client_service/Sustainability/cost%20curve%20PDFs/pathways_low_carbon_economy_brazil.ashx
http://www.mckinsey.com/en/Client_Service/Sustainability/Latest_thinking/~/media/McKinsey/dotcom/client_service/Sustainability/cost%20curve%20PDFs/pathways_low_carbon_economy_brazil.ashx
http://www.winrock.org/ecosystems/files/Mooney_et_al_MMCosts-1-15-04.pdf
http://www.winrock.org/ecosystems/files/Mooney_et_al_MMCosts-1-15-04.pdf
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch8.html
http://unfccc.int/resource/docs/2008/tp/08.pdf
http://unfccc.int/resource/docs/2008/tp/08.pdf
http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2000/09/01/000094946_00081805495087/Rendered/PDF/multi_page.pdf
http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2000/09/01/000094946_00081805495087/Rendered/PDF/multi_page.pdf
http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2000/09/01/000094946_00081805495087/Rendered/PDF/multi_page.pdf

	Capturing synergies between rural development and agricultural mitigation in Brazil
	Introduction
	Materials and methods
	Selected rural development projects as case studies in Brazil
	The Santa Catarina Rural Competitiveness Project (SC Rural)
	The Rio de Janeiro Sustainable Rural Development Project (Rio Rural)

	Estimating the mitigation potential of agricultural projects using the EX-Ante Carbon-balance Tool (EX-ACT)
	Structure and basic assumptions of the analysis

	Results and discussion
	Mitigation potential of project activities and land-use implications
	Impact of the protection of springs and streams and Legal Reserves
	Impact of agro-forestry activities
	Impact of improved grasslands management
	Impact of improved cropland management
	Impact of improved livestock production
	Impact of technical assistance and training activities
	Scenario analysis

	Economic analysis: opportunities for co-financing from the carbon sector
	Conclusions
	Acknowledgments
	References


