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1. Introduction

Agriculture in developing countries requires substantial investments, public and
private, to achieve food security. Climate-smart agriculture options would enhance the capacity of the agriculture sector to sustainably support food security,
incorporating the need for adaptation and the potential for mitigation into development strategies. The paper discusses a two-phase interdisciplinary methodology based on a combination of biological and economic modeling. Agriculture investments which can deliver food security and adaptation benefits are tested for
their mitigation potential using the Ex-ante Carbon balance Tool (Ex-act). Marginal abatement cost (MAC) curves are then built in order to identify the least cost
options. The methodology can be applied to different environments and country
contexts. A case study in Malawi is used as empirical application.
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cerned with the cost-effectiveness of policy measures for
the mitigation of GHG emissions in agriculture and forestry
is wide (Povellato et al., 2007). Both public and private dimensions of benefits and costs are considered: mitigation
benefits (public good), investment (public) costs, and onfarm (private) benefits and costs. An empirical application
of the methodology to the Malawi case study is then presented.
It should be specified that the methodology presented
here can be easily applied to different environments and
country contexts, especially to other African countries (e.g.
those in the Mediterranean area) which would be under the
same agricultural policy framework (i.e. the Comprehensive Africa Agriculture Development Programme CAADP).
This paper is structured as follows. Section 2 provides a
description of the analytical methodology and the data
needed for its application. In section 3, the empirical application to a country case study and a crop (maize) selected
as example is presented, and the results are discussed. The
conclusions are reported in section 4.

es through absolute reductions in Greenhouse gas (GHG) emissions – including removal through sequestration in agricultural soils, and below and above ground biomass – and
through greater efficiency in agricultural production, therefore leading to fewer emissions per unit of product. Given
the public goods nature of the mitigation benefit, government intervention, and financing, it is necessary to provide
measures that internalize the value of the externality in the
production decisions of farmers. CSA also offers the opportunity to provide agriculture sector in developing countries with additional financing sources. International climate finance is one source of funds which could potentially be used to reward the positive externalities of CSA (FAO,
2010).
Agriculture sector in developing countries requires in fact
substantial investments, public and private, to increase agriculture productivity and achieve food security (Schmidhuber and Tubiello, 2007). However, planned investment
expenditures are often higher than the available finance resources and additional funds are needed in order to fill the
gap. For example, total agriculture investments in Africa,
measured as gross capital formation only increased from
US$20 billion to US$35 billion during the last three
decades, corresponding to a decrease from 19 to 14% of
GDP (UNCTAD, 2009). International climate finance is
one potential means of filling this gap.
Climate finance still lacks an internationally agreed definition, but broadly speaking it refers to resources that catalyze low-carbon and climate-resilient development. Financing needs are related to creating an enabling environment including policy development and cross-sectoral planning; capacity building; research and technology transfer;
and the implementation and monitoring of mitigation and
adaptation practices. Examples of current and potential climate finance flows from developed countries include Clean
Development Mechanism (CDM), Adaptation Fund, Green
Climate Fund and concessional loans and grants related to
agriculture-based mitigation and adaptation actions.
While there is a wide range of sustainable agriculture
technical solutions readily available which could deliver CSA benefits, identifying which option is most efficient in
any particular context is a critical necessity for effective
policy-making under conditions of scarce investment resources.
This work proposes an ex-ante interdisciplinary methodology (combination of biological and economic modeling)
for examining the potential of selected climate-smart activities within existing national agriculture investment plans to
generate climate change mitigation benefits and helping
policy makers to prioritize the different options on the basis of economic efficiency of GHG abatement. Cost-effectiveness of different options is proposed here as a possible
eligibility criterion for climate-smart investments to enable
access to existing, emerging and dedicated additional climate funds and financing mechanisms. The literature con-

2. Material and methods
2.1. Methodology
The paper proposes an innovative approach in which two
different methodologies are combined:
(i) ex-ante estimation of the mitigation potential of climate-smart agriculture (CSA) investments using different
land use scenarios and baseline emissions levels; and
(ii) identification of the most efficient solution by estimating the marginal abatement costs (MAC) of available
options.
Even if the methodologies have been already developed
elsewhere, as thoroughly described in what follows, they
have been applied together for the first time in the present
paper. A two-phase analytical methodology has in fact been
adopted here: the unitary abatement potential of CSA technologies estimated through the first phase will represent the
basis for computing the MAC curves in the second methodological step.
A second element of innovativeness of the present work
is represented by its application to national agriculture investment plans which highlight policy priority areas for the
development of African countries. Since such plans are developed and reviewed systematically, several perspectives
for future wider application of the proposed methodology
exist.

2.1.1. Estimation of mitigation potential of climaterelated agriculture investments using the Ex-ante
Carbon balance Tool (Ex-act)
Climate change mitigation benefits of climate-smart agriculture investment activities are estimated using the Exante Carbon balance Tool (Ex-act) which can analyze the
impact on GHG emissions and carbon sequestration of different land use scenarios. Ex-act has been developed using
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how marginal costs rise with the increase of the abatement
effort, therefore indicating which solutions are most efficient. In this paper a ‘bottom-up’ approach is adopted and a
MAC curve is derived by first identifying the variety of
measures effective for generating increases in agricultural
productivity and incomes, and then determining the spatial
extent and cost of applying these measures across diverse
farming systems that can characterize a country or region.
This approach can deal with the heterogeneity of agriculture technologies, and with the variability in cost and abatement potential within different land use systems. The
alternative ‘top-down’ MAC curve variant takes an externally determined emission abatement requirement that is allocated downwards through assumptions based on Computable General Equilibrium models, which in turn characterize industrial/commercial sectors according to production functions commonly applied throughout the sector.
This approach implies a degree of homogeneity in abatement technologies and implementation cost which is not
appropriate in agriculture, given the broad range of farming
systems and cropping patterns existing even in areas characterized by the same agro-ecological conditions, with significant differences in terms of cost-effectiveness (Moran et
al., 2011).
MAC curves report costs of different abatement measures
(per unit of CO2e abated) on the vertical axis and the GHG
volumes abated (annual emission savings generated by
adoption of the measure) on the horizontal axis, showing a
schedule of abatement measures ordered by their specific
costs per unit of CO2e abated estimated against what would
be expected to happen in a ‘business as usual’ (BAU) baseline (Moran et al., 2011). In this analysis, MAC curves report therefore only the incremental costs with respect to
BAU scenario. Moving along the graph from left to right
worsens the cost-effectiveness of technology options since
each ton of CO2e mitigated becomes more costly. It should
be noted that some options may even show negative abatement costs (i.e. the adoption of such measures will increase
profits, therefore showing a cost-saving technology opportunity).
A ‘bottom-up’ MAC curve for a selected case study is
built here according to the following steps:
1. for each CSA investment typology taken into consideration and for which the annual mitigation benefits are computed (see phase 1 of the methodology), the flux of public
and private costs and private expected benefits are estimated. Similarly to the climate change mitigation benefits, both
adoption (investment and maintenance) costs and benefits
are estimated against the ‘business as usual’ baseline scenario (incremental costs and benefits). This requires the
definition of a counterfactual situation, represented by the
current costs, revenues and profits1;
2. on the basis of the flux of incremental benefits and
costs estimated along the years, the net present value (NPV)
is computed in order to analyze the profitability of the investment, and to take into account the timing of the benefit-

mostly the IPCC Guidelines for National Greenhouse Gas
Inventories complemented with other methodologies and
review of default coefficients for mitigation option as a
base. The tool compares the baseline scenario (‘without
project’, i.e. business as usual) and the ‘with project’ case,
computing the Carbon-balance, selected as an indicator of
mitigation potential. Duration of accounting is set at 20
years. Ex-act is a land-based accounting system, measuring
Carbon stocks and stock changes per unit of land, as well as
Methane (CH4) and Nitrous Oxide (N2O) emissions expressing its results in tonnes of Carbon Dioxide equivalent
per hectare (t CO2e ha-1) and per year (t CO2e yr-1). The tool
allows to model different climates and agro-ecologies (e.g.
tropical, temperate, Mediterranean, etc.). A full description
of the Ex-act structure and methodology can be found in
Bernoux et al. (2010).
The output of this analytical phase is represented by an
estimation of the environmental benefits of selected investment activities in the form of GHG abated and Carbon sequestered. This will represent the unitary abatement potential of each CSA technology which will be taken into account in the second methodological step.

2.1.2. Estimation of the MAC curves and identification of the least cost options
The second analytical phase consists of identifying the
least cost mitigation options among a range of different CSA investments, by estimating a marginal abatement cost
(MAC) curve.
MAC curves are built in order to identify the optimal
(least cost) pollution control technology across a range of
environmental media (Halsnæs et al., 1994; McKitrick,
1999; Beaumont and Tinch, 2004).
Several examples of agriculture MAC curve analyses exist in the literature (McCarl and Schneider, 2001 and 2003;
Deybe and Fallot, 2003; De Cara et al., 2005; Pérez and
Holm-Müller, 2005; US-EPA, 2005 and 2006; Weiske and
Michel, 2007; Smith et al., 2008; MacLeod et al., 2010),
while global GHG abatement cost curves for different sectors, including agriculture, can be found in McKinsey and
Company (2010). However, the development of MAC
modeling has been identified as one key area of research
and policy advocacy relevant for the advance of the economics of climate change in agriculture (Wreford et al.,
2010).
MAC curves represent the relationship between the costeffectiveness of different abatement options and the total
amount of GHG abated and is upward-sloping, showing
1

It is worth to specify that marginality refers to the comparison between costs (and benefits) of selected technologies with respect to
the conventional practice. Since technologies are considered as independent and without interaction (“stand alone” assumption), it
is possible to estimate costs (and benefits) of each technology independently with respect to conventional practice. However, different technologies can also be examined by comparing the corresponding differences in marginal costs (and benefits).
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3. Empirical Application: the case of Malawi

costs flux (with respect to the realization of the investment).
In fact, NPV represents the difference between the present
value of the future cash flows from an investment and the
amount of investment itself. Positive NPVs indicate that
overall benefits are higher than the costs and that the investments are profitable. The present value of the expected
cash flow is computed by discounting it using an appropriate rate of return2;
3. cost-effectiveness of each technology option action
will then be estimated (in terms of $/t CO2e abated). This
will represent the marginal abatement costs of each option
computed on the basis of the unitary abatement potential
obtained in phase 1 of the methodology (through the exante Carbon-balance tool).

In this section the application of the above described analytical procedure to a country case study is presented. Malawi has been selected as a case study. For the exemplificative purpose of the present analysis, only maize crop is taken into account (being the key
food security crop in the country). The methodology
has therefore been applied to a tropical agro-climatic context here, but it is suitable to be applied
to different environment and agro-climatic conditions, since the dataset of technical mitigation
coefficients has a global coverage.

3.1. Description, assumptions and analytical steps

2.2 Dataset

3.1.1. Agro-climatic characteristics and mitigation
potential

Different data sources provide the necessary information
to be used when conducting the analysis following the
methodology described above.
National agricultural investment plans provide an initial
list of planned investments in the agriculture sector in selected countries with information about the corresponding
investment costs and the targeted areas (investment size).
The present analysis uses the dataset from the National Agriculture and Food Security Investment Plans (NAFSIPs)
2009-2013 developed under the Comprehensive Africa Agriculture Development Programme (CAADP). NAFSIPs
report data about the typology and size of planned investment and the corresponding (public) costs of the investments for each of these pillars.
Expected (public) benefits in terms of annual climate
change mitigation (carbon sequestered and GHG abated) in
different climatic regions are expressed in units of CO2 equivalent per hectare and per year and have been estimated
using a dataset of coefficients from IPCC (2007). Such estimates were derived from studies conducted in regions
throughout the world, standardized using a linear mixed –
effect modeling approach and integrated by results of simulation models and represent average net mitigation
through increase in the soil C stocks or N2O and CH4 emissions reductions (IPCC, 2007).
Available data on expected (private) benefits of selected
CSA investment options focus mainly on the crop productivity increase consequent to investment implementation.
There is a wide existing literature which shows the impact
of agriculture mitigation technologies on the productivity
(average yield) of crops and pastures. Specifically, the present analysis makes use of a dataset reporting the evidence
base of the yield effects of selected cropland management
practices in different climatic areas of developing countries
and resulting from an extensive literature review (Branca et
al., 2013).

Agriculture, the mainstay of Malawi’s economy and survival, is presently heavily dependent on climate, especially
natural rainfall. Specifically, there is evidence that key
crops (e.g. maize) may be severely affected by climate
change. Malawi has in fact been experiencing declining
maize yields in the past years. Yields may be very vulnerable to the projected climate change, in particular to a decrease in rainfall (MNREA, 2002).
The climate in Malawi changes from semi-arid in the
Lower Shire Valley, semi-arid to sub-humid on the plateau
and sub-humid in the highlands. Most of the country receives between 763-1,143 mm annual rainfall and almost
90% of rainfall occurs between December to March, with
no rain at all between May to October over most of the
country (Reynolds, 2006). Given the purpose of this analysis, a simplistic assumption that 40% of the country area
falls within a tropical moist climate and 60% within a tropical dry climate is made. Dominant soil type is assumed to
be High Activity Clay Soil (HAC), consistently with the
FAO-Unesco Soil Map of the World. Annual average mitigation coefficients used in the analysis in each climate region for the above described sustainable land management
options on HAC soils are reported in table 1.

3.1.2. Climate-smart agriculture investment options and targets
For the exemplificative purpose of the present analysis
we focus here only on a sub-set of possible CSA investment
options – i.e. the adoption of sustainable cropland management technologies – and to crops that are key for food security in the country (cereals and, specifically, maize). This
assumption is arbitrary and reduced the number of measures that could be considered within the constraints of this
exercise to a well defined set of technologies: (i) improved
agronomic practices (e.g. crop rotations with legumes, good
agricultural practices), (ii) integrated nutrient management
(e.g. increased efficiency of fertilizers and organic fertilization), (iii) tillage and residue management (e.g. zero tillage,
mulching), (iv) agroforestry, and (v) water management

2 NPV is computed as follows: NPV = Σ [(B – C ) / (1 + r)t] where
t
t
t
Bt and Ct are the benefits and the costs referred to the year t, r is
the discount rate and t the time considered (n. years).
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Table 1. Incremental annual mitigation and net private benefits by practice and agro-climatic zone.

3.1.3. Costs and benefits

(improved efficiency of irrigation schemes, rainwater harvesting systems).
Since limited information exists about the possible effects
of combining different technologies, it is assumed here that
these measures do not interact; therefore a “stand-alone”
cost-effectiveness and GHG abatement potential of each
measure will be computed. Private (on-farm) costs and benefits and their timing will also be computed by calculating
the effect of “stand-alone” measures on farm gross margins
using, when available, representative farms together with
additional relevant information available in the literature.
This represents a bias of the present analysis which would
lead to under-/over-estimate abatement costs in case tradeoffs/synergies respectively exist among the different practices.
Each CSA technology option is analyzed using targets
(number of hectares where the investments will take place)
reported in the NAFSIP, together with the corresponding investment costs over the 5-year analytical time-frame. The
same targets are also adopted in order to estimate potential
annual mitigation benefits (net annual CO2 savings) of each
selected technology. Target areas (by agro-climatic zone)
considered in the analysis are reported in table 1. It is assumed that in each target area only one type of sustainable
land management technology is adopted (for example, ‘improved agronomic practices’ will be implemented over 1.92
million hectares of tropical dry areas and 1.28 million
hectares of tropical moist areas, the same will happen for
‘integrated nutrient management’ (but on different plots and
in different zones2), ‘tillage and residue management’ on 90
thousand hectares and so forth.
In this sense technologies are considered as independent
options and are not cumulative interventions. However, target areas (i.e. land plots where each technology is implemented) are considered as cumulative: total implementation
area of proposed investments is computed as the sum of single target areas corresponding to each investment intervention.

There are five broad categories of costs/barriers identified
in the literature associated with the adoption of sustainable
land management practices and investments: investment
costs, variable and maintenance costs, opportunity costs,
transactions costs, and risk costs.
In this paper it is assumed that investment and transaction
costs are borne by the public sector and coincide with the
capital cost reported in the NAFSIP. Specifically, the capital cost will include costs of activities and material needed
to: make improved technologies available at farm level
(e.g. develop mother nurseries and vegetative multiplication, develop new varieties) and promote their dissemination (e.g. promote water users associations, developing extension services); conduct training and capacity building
(e.g. strengthen technical capacity for irrigation management); rehabilitate infrastructure (e.g. irrigation schemes
and structures, rainwater harvesting systems); build onfarm structures. Total (public) capital costs of planned investment considered in the analysis (by agro-climatic zone
and for the maize sub-sector) are reported in table 1.
Variable and maintenance on-farm costs are recurrent expenses needed to either undertake a specific practice – such
as purchase of seeds, fertilizers or additional hired labor –
or periodic costs associated with maintaining on-farm
structures. These costs are estimated on the basis of the literature available (Wocat, 2007; Ngwira et al., 2012). Annual private (variable) costs of selected mitigation options are
computed over a 5-year time frame against a ‘business as
usual’ scenario (conventional practice) and are therefore
only incremental costs (i.e. increased/decreased costs borne
as a consequence of the implementation of the improved
technology and computed with respect to the costs under
conventional agriculture).
Opportunity costs are represented by foregone income
that may arise with the adoption of sustainable land management activities. Since the analysis takes into account the
costs increase related to the adoption of the new practices against the conventional technology (baseline), opportunity
costs are already included. Also, for the sake of simplicity,
the different risk magnitude (and relative costs) associated

3

It is only a coincidence that the sizes of these interventions are identical.
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based on the latest estimates available (6.6% in the year
2010) as estimated by IMF (2013).

to the different technology options are not taken into consideration.
Private on-farm benefits of implementing the different
practices are computed by estimating the increased yield
under the improved technology against the yields under
conventional agriculture (and corresponding revenue increase, holding prices constant). Incremental yields obtained as a result of adoption of the improved agriculture
technology come from the literature (Branca et al., 2013).
Table 1 reports average yield increases per each practice
against yields under conventional agriculture, together
with the incremental on-farm annual (private) net benefits.
Since no information was available on the variance and
probability distribution of farm data, only mean values are
considered here. When computing the NPV of the investments, the rate of return is set equal to the GDP growth rate
at constant prices, where expenditure-based GDP is computed as difference between total final expenditures at purchasers’ prices (including the f.o.b. value of exports of
goods and services) and the f.o.b. value of imports of goods
and services. In the analysis, a 7% rate of return is used,

3.2. Results and discussion
Estimation of the MAC curve related to the implementation of CSA investments in targeted areas requires an estimation of the flux of annual (private) incremental costs and
benefits against the ‘baseline’ scenario (conventional practice). The stand-alone marginal abatement cost of a technology can be calculated by dividing the sum of capital cost
and NPV of net benefits ($) by the abatement rate (tCO2e/year) over the land area where the specific practice
will be implemented (table 2). The MAC curve for selected
CSA practices in Malawi is reported in figure 1.
The MAC curve is derived as a histogram where each bar
represents a single agriculture technology option. The
width of the bar represents the amount of abatement potential (ton of CO2e saved as measured on the x axis). This
amount is computed multiplying the unit abatement potential (i.e. the “unit average CO2e savings” reported in table 1
and expressed in ton of CO2e abated per hectare) by the
number of hectares where each technology is implemented

Table 2. Cost-benefit analysis by practice and agro-climatic zone.

Figure 1. Marginal Abatement Costs curve for selected CSA practices in Malawi.
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(i.e. the “target area” reported in table 1 and measured in
hectares). The height of the bar indicates the unit cost of the action (unit cost of abatement measured in US$ per ton of CO2e
saved as measured on the y axis) and the area (height * width)
of the bar shows the total abatement cost of the technology
(measured in US$). Although technologies are alternative options, the areas where such options are implemented can be
added together. By summing up the areas of the bars it is therefore possible to derive the total abatement cost of a cumulative
abatement target, measured in US$. Under these assumptions,
total area shows the total abatement cost corresponding to the
total CO2 savings achievable by implementing all technology
options on the target areas as indicated in the NAFSIP.
The bars have been placed in order of increasing unit cost. In
other words, the technology with the lowest abatement cost is
put as the first option, while the technology with the highest unit abatement cost is put as the last option. In this way the MAC
curve shows the range of possible technology options that
should progressively be implemented according to a criterion
of cost-effectiveness. With reference to the case study, the
adoption of improved agronomic practices in dry areas should
be a priority as they represent the cheapest option. Therefore,
in case policy makers are dealing with a budget constraint, as it
is often the case, they should promote the adoption of this technology option first, in order to act in a cost-effective way. Public expenditure should be invested in the promotion of such alternative first (in this case, about 139 million US$ as indicated
in column B of Table 2) in order to gain efficiency. Other options will be considered, according to the sequence of the bars,
if the budget constraint is released.
The MAC curve is built using data reported in Table 2. The
curve represents a useful way of showing the results as sustainable land management options have been placed in order of increasing unit abatement cost. For example this can be useful for
policy makers wishing to choose the least cost option among the
available climate-smart technologies. Second, the curve can be
utilized to identify best investment options in case a market price
for Carbon can be identified: for example, agroforestry and water management options would be too costly to be remunerative
at an hypothetical price of 10$/ton CO2e. Third, the curve can be
useful to simulate policy measures, such as the amount of a subsidy to be paid to farmers to promote the adoption of costly land
management options (e.g. water management would be more
expensive than conventional agriculture and farmers would need
proper incentives to adoption).
The MAC curve developed in the case-study is based only on
average values3 and it does not take into account the variability of farms and agro-ecosystems existing in the country. While
this clearly represents an oversimplification, the analysis pro-

duced interesting results. The MAC curve shows that marginal
abatement costs are negative for improved agronomic, integrated nutrient management and tillage/residue management
practices, in both dry and humid areas (although with differences among the technologies and the agro-climatic zones).
Adoption of the improved practices will in fact generate gross
margins higher than under conventional agriculture, therefore
showing a synergy between rural development (increased food
security) and climate change mitigation (abatement potential).
These technology options can therefore generate both private
and public benefits and thus constitute a potentially important
means of generating “win-win” solutions to addressing poverty and food insecurity as well as environmental issues (climate
change mitigation). Such practices contribute to improving soil
fertility and structure, adding high amounts of biomass to the
soil, causing minimal soil disturbance, conserving soil and water. This in turn translates into better plant nutrient content, increased water retention capacity and better soil structure, leading to higher yields and greater resilience, thus contributing to
enhancing food security and rural livelihoods (FAO, 2009).
An important word of caution is needed when considering this
MAC analysis in that it is difficult to effectively capture the full
range of public and private costs that would be entailed in adopting the practices screened. One of the main issues is the presence
of a significant delay (some years) before positive benefits can
be realized for many practices and situations, which is a significant barrier to adoption given thin credit markets.
Also, there is often limited information and experience with
alternative techniques that hinders adoption, particularly given
insurance markets that are even more thin – or non-existent –
than credit markets. Even where farmers might invest in certain
techniques, inputs are often not available in local markets. Public funding covering some of these investment costs and financing information and capacity building may help overcoming such barriers.
The second set of technologies shown in the MAC curve (agroforestry and water management) is found to have positive abatement costs (costs higher than benefits). This is probably due
to the fact that this type of investments requires bigger investment costs (irrigation infrastructures, water harvesting land
structures, seedlings production and planting). Also, they are
characterized by a longer implementation period where the costs
are borne in the first years (building infrastructure and planting
trees), while the benefits are gained in the medium-long term,
therefore generating a negative flux of net benefits in the shortterm (like the 5-year time frame of the present analysis).
The results are based on plausible but arbitrary assumption
regarding discount rate. This assumption was subjected to
sensitivity analysis to test the robustness of the results. Abatement costs were calculated at discount rates of 5 per cent, 10
per cent and 15 per cent. Results of the sensitivity analysis are
presented in table 3. The abatement costs are, as expected,
negatively related to discount rates and show variations consistent with the changes in the rates (table 3) confirming the
robustness of the analysis.

4

Unit marginal abatement cost is held constant within each sustainable land management option and it is equal to the average difference between the cost for that specific technology and the cost
for the conventional practices. However average unit costs vary among the technology options, as shown by the MAC curve which
in fact is a broken line.
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mall rural households to increase or at
least stabilize their capital stocks,
contributing to accelerated agriculture-led economic development and
poverty reduction. However, welldesigned national climate-related
policies should orient agriculture
sector development towards the
adoption of climate-smart technologies and production, in line with the
climate policy goals under definition at international level.
To this extent, the methodology proposed here may represent a useful instrument which national policy makers could
use to orient their choices. For example, the empirical application to the case-study indicates that most CSA technologies
can potentially generate gross margins higher than those under conventional agriculture (negative marginal abatement
costs), showing synergies between rural development and climate change mitigation. Appropriate policies to promote the
adoption of such technology packages should therefore be
promoted at national level.
The methodology has been applied to a tropical environment, but the analysis could easily be replicated for other climate and agro-climatic country contexts. Nevertheless, more
research is needed in order to refine the methodology and to
provide more country-specific data inputs and generate more
in-depth estimates of technology options’ cost-effectiveness.
For example, rather than one MAC curve based on a limited
set of climate characteristics (dry/moist areas), several MAC
curves can be defined to cover different categories of farm
types, regional environments, agro-ecological zones and
farming systems, although such disaggregation would raise a
further challenge in relation to data availability. The identification of apparent win-win measures also suggests that there
is a need for understanding farmer behaviours in relation to
the management of GHG emissions.

Table 3. Sensitivity analysis.

4. Conclusions
In order to achieve global development and food security objectives there is the need to transform agricultural systems, aiming for higher and more stable returns from agricultural production and more sustainable food systems. Different pathways to agriculture development exist and CSA is an approach to building the necessary policy, financing and evidence base to achieve
sustainable agriculture intensification under climate change. CSA options showing a win-win potential between increased productivity and climate change adaptation on one side, and mitigation on the other side would in fact enhance the capacity of the
agriculture sector to sustainably support food security, incorporating the need for adaptation and the potential for mitigation into development strategies.
However, these results are solely indicative of activities that
may be considered for more detailed analysis, focusing particularly on the public and private costs to overcoming barriers to the
adoption of such practices: e.g. opportunity costs of land and labor including up-front cash outlays; limited information available about alternative techniques as well as limited local experience with such practices; problems related to access to inputs
and to property rights of the resources. Agriculture investments
are largely privately financed but the public sector could help
overcome such adoption barriers, covering investment and
transaction costs (e.g. supporting research, development and capacity building). As long as there is evidence of the mitigation
benefits generated by the implementation of CSA, international
climate finance could help by filling the existing financing gaps
of the plans for public investments. The role of international
public sector intervention could be to support mechanisms that
internalize positive externalities (climate change mitigation) in
production decisions of farmers: through CSA, international
public funds invested for mitigation activities (public good)
could leverage private investments aimed at increasing the adaptive capacity (private good) of agricultural systems. In fact,
where adaptation and mitigation practices can increase the returns to or reduce the risk of agriculture investments, and where
mitigation benefits can be accounted for and create an additional asset return from the investment, climate finance may increase
the attractiveness to the private sector of investment in agriculture. For example, climate finance could be used to provide loan
guarantees for investments with high upfront payments and delayed benefits. Climate investments in the sector could benefit s-
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