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Executive summary

Food security, food systems and climate change are closely intertwined issues that need to be urgently addressed to achieve sustainable development globally, and for all. Climate-smart agriculture (CSA) is an integrated approach that seeks to advance sustainable food production, climate change adaptation and mitigation in the agriculture sector – the three pillars of CSA – concomitantly. Given the multiple objectives of this approach, it is essential to identify and understand the interlinkages between these, as well as with CSA intervention options. Such insights can inform and support strategic decisions that enhance synergies and reduce trade-offs to achieve better results for investments in climate-smart agriculture.

This publication proposes an approach to categorize and identify potential synergies and trade-offs in CSA in a structured manner. For this purpose, it breaks down each CSA pillar into subsets of three objectives, in order to present a more nuanced picture of possible interlinkages between objectives within and across the three pillars. From the pairwise comparison of these objectives, a scheme for the categorization of synergies and trade-offs in CSA is developed. A review of CSA-related scientific literature identifies examples of synergies and trade-offs for the various categories of relationships between CSA objectives. This makes it possible to characterize each category and provide useful additional information, including relevant indicators and assessment methods. This information is presented as a set of characterization sheets, as well as a menu of methodologies and tools for the ex-ante assessment of synergies and trade-offs in CSA.

In addition, a simple five-step procedure is proposed to use the information presented as a tool for the systematic screening of CSA interventions for potential synergies and trade-offs and the selection of appropriate assessment methods and tools. The publication is intended as a resource for all actors engaged in the development of CSA strategies, plans and interventions, as well as for investors and financing institutions involved in CSA, and researchers working in this field.

The literature review finds examples of both synergies and trade-offs for many of the categories – i.e. relationships between CSA objectives – even within an agriculture subsector. This corroborates the notion that the realization of CSA objectives, and the synergies between them, is strongly context-specific. It also implies that findings on synergies and trade-offs should not be transferred between geographical areas or agro-ecological and socio-economic contexts, without contextualized testing or assessment.

The documented cases show the importance of assessing relationships between CSA objectives at multiple scales, as exemplified by the case of irrigation development in a catchment area with negative impacts on livelihood opportunities and ecosystem services in downstream areas of the river basin. They also display a variety of indicators that can be used for each CSA objective. The careful selection of indicators for each CSA objective is crucial, as it may result in opposing conclusions. For example, a reduction in greenhouse gas (GHG) emissions per litre of milk suggests a mitigation benefit. However, this may be associated with increased production volumes, resulting in higher GHG emissions per area and therefore a trade-off with climate change mitigation objectives.

Many of the ex-ante assessment methodologies and tools identified in the reviewed literature focus on specific aspects, such as GHG emissions or productivity. While these are indispensable, they need to be complemented by methodologies that enable an integrated assessment of multiple indicators, such as sustainability polygons, in order to account for the interconnectedness of objectives within and across the three CSA Pillars.

The compilation of synergies and trade-offs, indicators, methodologies and tools presented here draws in large part on scientific literature that explicitly refers to climate-smart agriculture. This results in a bias towards examples from the crop and livestock sectors. In order to obtain better representation of forestry, fisheries, aquaculture and integrated production systems, as well as to expand the menu of indicators and assessment methods, wider-ranging research, including grey literature, should be undertaken. The approach adopted in this publication provides a flexible framework that can be expanded with additional information.

In conclusion, this publication provides an overview of possible synergies and trade-offs within and between the three pillars of climate-smart agriculture. It can support a structured thinking process for the design of CSA interventions in terms of flagging possible risks and opportunities and identifying tools to further investigate and quantify these – following the proposed screening procedure. While it does not provide a stand-alone methodology for an all-inclusive assessment of synergies and trade-offs in CSA, it could represent a further step towards the development of a standardized framework for such assessments, and serve as a reference to determine basic requirements and principles for such a framework.
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The current trends in food systems, food security and climate change expose substantial interlinked challenges lying ahead (Mbow et al., 2019). The number of undernourished people is increasing,1 as is the demand for food due to a growing global population, income growth and changing dietary habits – along with its associated social and environmental impacts and greenhouse gas emissions. Food systems contribute about 21 to 37 percent of anthropogenic GHG emissions, and absolute emissions from food systems are expected to increase by 30 to 40 percent by 2050, if food demand is satisfied by increasing food supply through business-as-usual food production and distribution methods. At the same time, the impacts of climate change on food production and food security – such as reduced crop and livestock productivity due to heat and drought stress, damage to agricultural assets and disruptions of food supply chains caused by extreme weather events – can already be observed and are expected to intensify.

Climate-smart agriculture is an approach that seeks to address this triple challenge of food security, climate change adaptation and climate change mitigation in an integrated way (FAO, 2013). It pursues three main objectives, the so-called CSA pillars:

• CSA Pillar 1: Sustainably increasing agricultural productivity and incomes

• CSA Pillar 2: Adapting and building resilience to climate change

• CSA Pillar 3: Reducing and/or removing greenhouse gas emissions, where possible

From the early stages of development of the CSA concept, it has been recognized that interventions in the food, agriculture and land-use sectors can create synergies between these three objectives,2 but may also involve trade-offs (FAO, 2009, 2010, 2013; Lipper et al., 2014). Interventions often focus on one specific objective, i.e. one of the CSA pillars, based on stakeholder interests and funding streams. However, it is important to analyse the impacts of such interventions on the other CSA pillars by means of measurable indicators, as this may reveal unintended negative effects (trade-offs), as well as opportunities to create synergies. Such assessments can support comparison of alternative intervention options and the selection of the option with the strongest outcomes for all three CSA pillars.

This publication aims to improve the understanding of synergies and trade-offs in climate-smart agriculture and promote their systematic assessment in support of evidence-based CSA planning processes. It breaks down each CSA pillar into subsets of objectives, in order to provide a more nuanced picture of possible interlinkages between objectives within and across the pillars. The resulting matrix of relationships – along with ‘characterization sheets’, or descriptions for each relationship – provides a tool for the systematic screening of CSA interventions for potential synergies and trade-offs. The characterization sheets present indicators and metrics, as well as methodologies and tools, which can be used for the assessment and evaluation of specific synergies and trade-offs at different scales, ranging from field to landscape to country scale. They also highlight enabling environment factors – such as the presence of social networks or the adoption of new governance approaches – that are critical for enhancing a specific synergy or reducing a given trade-off.3 The publication is intended as a resource for all actors engaged in the development of CSA strategies, plans and interventions, as well as for investors and financing institutions involved in CSA, and researchers working in this field. The ultimate objective is to support strategic decisions that enhance synergies and reduce trade-offs, so as to achieve better results for investments in climate-smart agriculture.

Section 2 of this document describes the applied approach to the characterization of synergies and trade-offs in CSA. It further proposes a simple method to use the characterization as a screening tool for potential synergies and trade-offs. The section is complemented by a full set of characterization sheets in Annex 1. Section 3 provides a selection of methodologies and tools that can be used for synergy and trade-off assessments. It is complemented by Annex 2, which presents a brief description of each methodology/tool. Finally, Section 4 summarizes the results of the analysis and discusses the potential and limitations of the approach.
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The dynamic relationships between food production, climate change adaptation and mitigation make the assessment of synergies and trade-offs a challenging task:

• It involves a multitude of different spatial and temporal scales, sectors, agro-ecological and socio-economic contexts. This may result in a wide range of possible synergies and trade-offs, difficult to identify and duly address in their entirety in the design of a climate-smart agriculture intervention.

• It involves different degrees of complexity, including synergies and trade-offs that are more evident or easily understood – such as the trade-off between crop production for human consumption or as a biofuel feedstock – than other more complex or indirect interlinkages.

• It is highly context-specific and results may not be transferable to other locations or contexts. For example, some practices may generate synergies between two objectives, such as productivity and adaptation to drought in one place, but present a trade-off in another place due to the specific agro-ecological, socio-economic or cultural conditions, and/or the effects on different spatial or temporal scales.

To help address such challenges, this publication proposes an approach to categorize and identify potential synergies and trade-offs in CSA (as defined in Box 1) in a structured manner. The categorization is based on the pairwise comparison of a set of CSA objectives. For each category, a characterization sheet is then presented, which provides examples of synergies and trade-offs along with suitable indicators, methodologies and tools for their assessment (see Section 2.1). While neither the categorization nor the characterization sheets replace context-specific assessments, they can serve as a tool for the systematic screening of CSA interventions for potential synergies and trade-offs and assist in the selection of appropriate assessment methods (see Section 2.2). The complete set of characterization sheets is presented in Annex 1.
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2.1 Approach

As mentioned in Box 1, synergies and trade-offs can be defined in terms of the relationship between coexisting objectives, where a positive relationship represents a synergy, and a negative relationship represents a trade-off. This is illustrated by the following two examples:

1) Efficient livestock feeding practices can enhance livestock productivity and contribute to increased farmers’ incomes. At the same time, they can reduce methane emissions from enteric fermentation (Shikuku et al., 2017). Improved feeding practices thereby create a synergy between the improvement of farmers’ incomes (an objective linked to CSA Pillar 1) and the reduction of GHG emissions per unit of product (an objective linked to CSA Pillar 3).

2) Shade trees in cocoa agroforestry systems can significantly contribute to carbon sequestration in above-ground biomass and also reduce heat stress for cocoa crops (Blaser et al., 2018). However, at high levels of shade-tree cover which maximize carbon sequestration and the cooling effect, water availability and cocoa yield decline dramatically, impacting both drought resilience and productivity. Therefore, a trade-off exists in agroforestry systems between carbon sequestration (linked to CSA Pillar 3), the resilience of the agro-ecosystem (linked to CSA Pillar 2) and its productivity (linked to CSA Pillar 1). In the specific case of cocoa agroforestry systems in Ghana, shade-tree cover of around 30 percent was found to minimize the trade-offs.

These examples also show that each CSA pillar, rather than being viewed as one single objective, can be subdivided into a combined set of objectives. Table 1 proposes sets of objectives for each CSA pillar, which enables a more differentiated assessment to be made of synergies and trade-offs between – and within – the CSA pillars.4
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The matrix in Table 3 shows all 36 possible combinations of objectives listed in Table 1. Each matrix cell represents a category or type of relationship between CSA objectives. These categories form the basis of the characterization of synergies and trade-offs in climate-smart agriculture.

The characterization of synergy and trade-off categories was based on a literature review. The review focused on scientific publications in peer reviewed journals. An initial list of literature was created through a search of the bibliographic database Web of Science6 and was complemented by a screening of the Special Report Climate Change and Land of the Intergovernmental Panel on Climate Change (IPCC)7 for additional relevant resources, resulting in a total of 92 evaluated studies. The choice to focus the literature search on articles explicitly referring to ‘climate-smart’ agriculture was made in order to obtain the most relevant results, ideally addressing all three CSA pillars. It is acknowledged, however, that this has resulted in a bias towards studies in the crop and livestock sectors, and specifically ones that compare productivity and GHG emissions, where the use of the term climate-smart is more common. In contrast, few or no studies on integrated production systems and fisheries were found, respectively.

The literature review identified all studies that present pairwise comparisons of indicators pertaining to two or more of the above-mentioned CSA objectives. All pairwise comparisons were documented as cases of synergies or trade-offs and assigned to the matching category(ies) in the matrix of relationships presented in Table 3.8 The set of cases collected under each category was then used to elaborate a characterization sheet for the respective category of synergies and trade-offs. The features and structure of the characterization sheets are presented in Table 2. The complete set of characterization sheets is provided in Annex 1. The indicators and metrics referred to in each characterization sheet are limited to those used in the examples cited. They are outcome indicators throughout and comprise different scales of application, ranging from field, farm and household level, through community and watershed to national and river basin scale. A summary of indicators by objectives is presented in Annex 2, which also provides information about the scale of application, data sources and examples of related assessment methodologies and tools for each indicator.
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2.2 CSA synergy and trade-off screening

The categorization process, together with the characterization sheets – as described in the previous section – aim to inform decisions in the design of CSA strategies, programmes and projects by supporting planners in considering a broad range of potential synergies and trade-offs. A simple screening procedure is proposed, which uses the main objective of a given CSA intervention as an entry point into the matrix of CSA synergy and trade-off categories. The procedure consists of the following steps.

STEP 1: Identify main/prioritized objective of CSA intervention as an entry point to the matrix (see Figure 3).

STEP 2: Identify categories of potential synergies and trade-offs (see Figure 1) and – if necessary, e.g. due to limited resources – prioritization of categories to be assessed based on other CSA objectives that are either identified as objectives of the same CSA intervention, or prioritized by national/local development strategies.

STEP 3: Consult characterization sheet for each identified/prioritized category to identify appropriate indicators and methodologies/tools.

STEP 4: Perform assessment of synergies/trade-offs, using the indicators and methodologies/tools identified in STEP 3.

STEP 5: Compare indicator results across all selected CSA objectives/categories and for all evaluated alternative intervention options. Results can be visualized using methods such as sustainability polygons (see Section A3.2.2). Sustainability polygons can also be used for quantitative comparisons of baseline and alternative intervention options. It should be noted that such comparisons require weights to be assigned for each indicator, which should be determined through stakeholder consultation and in line with national and local development priorities.
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The literature review revealed a wide variety of methodologies and tools that can be applied in the assessment of synergies and trade-offs between CSA objectives. These methodologies and tools can be classified according to the point in time at which they are used – before or after a change in practices has been introduced.

Ex-ante assessments are conducted before a change in practices has been introduced. These assessments are used to gauge the comparative impacts of several possible changes on a given set of CSA objectives. The comparison is usually articulated around a business-as-usual scenario and one or more alternative scenarios. Generally, baseline surveys are used to characterise the ‘initial conditions’ for a set of CSA indicators of interest.9 Most often, the assessment relies on dynamic or empirical models. Key model assumptions may refer to the behaviour of main actors in food systems, likely future climate conditions, and the probable development of food markets.

Ex-post evaluations are conducted after a change in practices has been introduced. These analyses increase our understanding as to the potential that certain practices, technologies and other measures to advance CSA objectives may have, and the extent to which their use creates synergies between them. Ex-post evaluations usually compare adopters of a specific technology or practice with non-adopters, drawing on data from field measurements, household surveys and/or earth observation. Statistical methods are applied to analyse the effects of practice/technology adoption on CSA objectives, determine the significance of these effects, and establish empirical relationships between practice changes and their effects. These relationships also provide the basis for empirical models which, in turn, can be applied in ex-ante assessments, or in the estimation of indicators that are complex and/or costly to measure in practice, such as GHG emissions. While ex-post evaluation methodologies cannot be applied in the design phase of CSA interventions – due to the absence of observable cases of implementation – they can form part of the monitoring and evaluation of ongoing interventions and enable an adaptive process with incremental improvements.
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The methodologies and tools presented in this section focus on ex-ante assessments, since these are the ones needed to identify synergies and trade-offs in the early stages of CSA planning processes. Table 4 shows a selection of methodologies and tools that were used for ex-ante assessments of CSA synergies and trade-offs in the reviewed literature. It should be noted that this is not an exhaustive list. It is limited to examples from the reviewed literature, and many more relevant methodologies and tools could certainly be identified in scientific literature that is not labelled ‘climate-smart’, as well as in grey literature – for the types of assessment identified here, as well as for other types. The methodologies and tools identified in Table 4 fall into five different categories: cost-benefit analysis, trade-off analysis, nexus approaches, GHG emissions, natural resources and ecosystem services. A brief description of each methodology or tool is provided in Annex 3, including purpose and scope of application, data requirements, common issues or limitations, and references to literature where it is applied. Pointers to these descriptions are also included in the characterization sheets throughout Annex 1 in the context of examples of application.

[image: images]


[image: images]

The characterization of synergies and trade-offs in climate-smart agriculture presented in this document is an attempt to map the potential synergies and trade-offs that can occur between and within the three pillars of CSA in digestible units. It thereby aims to enable a structured approach to the identification of potential synergies and trade-offs in the design of CSA interventions. The categorization of cases of synergies and trade-offs reported in the reviewed literature by relationships among a set of CSA objectives – 36 categories overall – illustrates the breadth and complexity of the issue.

LITERATURE REVIEW

In total, 92 studies were reviewed, out of which 37 provided cases in at least one of the 36 categories. A total of 73 cases were identified, distributed over 26 out of the 36 possible relationship categories. The distribution by CSA pillar is shown in Table 5 and, in more detail, in Table 3 (page 9). The distribution shows a clear bias towards relationships that involve CSA Pillar 1, which is attributed to the fact that most studies include data on productivity and/or income. A general limitation in identifying cases was that literature, in particular review articles, often compares indicators across studies from different locations and contexts. Such comparison can indicate possible synergies or trade-offs, but does not actually prove them. Therefore, many review articles were excluded as sources of cases.
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Despite the extensive literature review, the characterization sheets can only provide an anecdotal reflection of the breadth of possible synergies and trade-offs in the different agricultural subsectors and across different scales. As mentioned in Section 2.1, the focus of literature research on ‘climate-smart’ agriculture identified mostly studies in the crop and livestock sectors, few studies on forestry and integrated farming systems, and none in the fisheries and aquaculture sectors. A better representation of the latter sectors would require a wider ranging literature research and possibly an expansion into grey literature, such as institutional reports.

SYNERGIES AND TRADE-OFFS

Many categories present both synergies and trade-offs even within an agriculture subsector. This corroborates the notion that the realization of CSA objectives and synergies between them is strongly context-specific. It also implies that findings on synergies and trade-offs should not be transferred between geographical areas, or agro-ecological and socio-economic contexts, without contextualized testing or assessment.

The relationships between CSA Pillar 1 and CSA Pillar 2 generally show strong potential for synergies of different adaptation strategies – such as diversification, microinsurance or integrated production systems – with productivity, incomes and food security. CSA strategies or practices that rely on intensification principles may involve potential trade-offs with long-term resilience of the production system when they rely on high-performing crop varieties or animal breeds that are more susceptible to environmental stress and change. Such strategies and practices also often show an increase in the environmental cost of production,10 while agro-ecosystem-based adaptation strategies tend to provide environmental benefits. Technical adaptation options, such as irrigation, may involve important trade-offs at the landscape scale, affecting natural systems, as well as livelihood opportunities and adaptation options for downstream populations.

In the relationships between CSA Pillar 1 and CSA Pillar 3, a recurring phenomenon is the reported synergy between productivity or income and reduction in GHG emission intensities which, however, is often associated with an increase in absolute GHG emissions and/ or an increase in environmental costs. It is frequently argued that this potential trade-off should be offset by land-sparing strategies. However, these are challenging to implement in practice, and depend on factors such as the consistent implementation of conservation policies, strict and comprehensive GHG accounting, and changes in dietary preferences and food demand, which often lie beyond the scope of CSA interventions. Assessments of the relationship between productivity/profitability and GHG emissions, such as in the context of (sustainable) intensification strategies, should be combined with analyses of the indirect effects on land use and the environment and target the identification of possible measures to reduce these trade-offs and limit negative impacts. The protection and restoration of forest land in order to conserve and increase carbon stocks often involves trade-offs for the current land users. Compensations for forgone benefits from land use, for example those funded through carbon credits, are often insufficient or inequitably distributed. Compensation schemes therefore need to be based on assessments of the livelihood strategies and societal structures among the affected populations. They could also involve capacity-building for improved agricultural practices, which can lead to increased production and incomes from unrestricted land. Such interventions require equitable access for all affected food producers to the remaining land resources. Furthermore, it is imperative that the proposed production intensification does not offset the climate change mitigation benefits from forest conservation and restoration.

The relationships between CSA Pillar 2 and CSA Pillar 3 highlight the potential trade-offs between technical adaptation options that rely on the use of additional natural resources, such as irrigation, with both increasing carbon stocks, such as through re/afforestation, and increasing renewable energy production, for example hydroelectric power. On the other hand, agro-ecosystem-based adaptation strategies show potential synergies with increasing carbon stocks in the agro-ecosystem. Possible synergies and trade-offs with GHG emissions reduction were found for both technical adaptation strategies and livelihood resilience strategies, such as diversification of the production system.

The identified cases of relationships within CSA Pillar 1 showed frequent synergies between productivity, incomes and food security, as well as high risk for environmental trade-offs related to agricultural intensification strategies. No cases were identified for relationships within CSA Pillar 2. The few cases of relationships identified within CSA Pillar 3 indicate potential trade-offs between the reduction of GHG emissions from biomass production and the maximization of bioenergy feedstock yields. Reductions in GHG emissions from crop systems, including through reductions in external inputs and their associated GHG footprint, may in some cases also be associated with a decline in soil organic carbon. At a global scale, synergies between increasing the share of bioenergy in energy supply and increasing carbon stocks seem possible, at least under a long-term sustainable development pathway.

INDICATORS

The collected cases of synergies and trade-offs in climate-smart agriculture expose a multitude of indicators that can be used to assess and describe these relationships. In CSA Pillar 1, indicators of productivity (Objective 1.A) mostly focus on yields and partial factor productivity, and for income (Objective 1.B), net revenue is the most common indicator, besides a few measures of profitability. In contrast, Objective 1.C shows a broad range of indicators across various aspects of social and environmental sustainability. Across the three objectives of CSA Pillar 2 (2.A, 2.B, 2.C), yield stability and income stability turned out to be the most common indicators. Several indicators that quantify the resilience of agro-ecosystems could only be determined following extreme climate events and are therefore of limited value for ex-ante assessments of resilience. In CSA Pillar 3, indicators for GHG emissions (Objective 3.B) were mostly expressed as emissions of specific GHGs or the global warming potential – in carbon dioxide equivalent – per unit of product or unit area. These metrics sometimes included emissions from carbon stock changes and hence present an overlap with Objective 3.A. Besides carbon stock changes per unit area, carbon storage in soils and biomass (Objective 3.A) was also expressed through proxies, such as area of forest conserved or area re/afforested. Renewable energy production (Objective 3.C) was either quantified in units of energy produced, or yields of biomass for bioenergy production.

METHODOLOGIES AND TOOLS

The selection of methodologies and tools presented in Section 3 and Annex 2 illustrates the variety of approaches that can be adopted to assess synergies and trade-offs in CSA at different scales, either focusing on a specific aspect or seeking to draw a comprehensive picture of effects on a multitude of indicators. Methods with a narrow technical focus are essential to quantify indicators such as GHG emissions. Several examples of negative externalities associated with synergies between two given objectives highlight the need to embed these specialized methods in more holistic assessment methods, such as sustainability polygons. These enable integrated assessments across all CSA pillars and additional aspects of social and environmental sustainability as relevant in a given context. The example of a cost-benefit analysis (CBA) that attempts to quantify and include environmental (and social) costs illustrates the related challenges (Sain et al., 2017). The selection of non-economic aspects (social/environmental costs and benefits) often depends on data availability and specific stakeholder interests. Also, the way that these aspects are quantified (price per unit) is subject to many assumptions, and is again often limited by availability of data. There is hence a wide range of possible results for CBAs that consider social and environmental factors. This should be taken into account in the design of CBA – and climate-smart agriculture assessment methods more generally – and when interpreting its results. Sensitivity analysis of changes in parameter values can facilitate the interpretation. Qualitative data on social and environmental aspects that are not considered in a given assessment should be made available to allow for better-informed decision-making processes based on quantitative results.

CONCLUSION

This publication provides an overview of possible synergies and trade-offs within and between the three pillars of climate-smart agriculture. It can also support a structured thinking process for the design of CSA interventions in terms of flagging possible risks and opportunities and identifying tools to further investigate and quantify these – following the proposed screening procedure (see Section 2.2). Noting that the compilation of synergies and trade-offs, indicators and methods is not exhaustive, the approach presented provides a flexible framework that can be expanded with additional information.

While the publication does not provide a stand-alone methodology for an all-inclusive assessment of synergies and trade-offs in climate-smart agriculture, it may represent a further step towards the development of a standardized framework for such assessments, and serve as a reference to determine basic requirements and principles for such a framework.
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A1.1 Synergies and trade-offs between CSA Pillar 1 ‘Productivity’ and CSA Pillar 2 ‘Adaptation’
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A1.2 Synergies and trade-offs between CSA Pillar 1 ‘Productivity’ and CSA Pillar 3 ‘Mitigation’
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A1.3 Synergies and trade-offs between CSA Pillar 2 ‘Adaptation’ and CSA Pillar 3 ‘Mitigation’
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A1.4 Synergies and trade-offs within CSA Pillar 1 ‘Productivity’
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A1.5 Synergies and trade-offs within CSA Pillar 2 ‘Adaptation’

No relationships between objectives within CSA Pillar 2 were identified within the reviewed literature.

A1.6 Synergies and trade-offs within CSA Pillar 3 ‘Mitigation’
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A3.1 Cost-benefit analysis

A3.1.1 Cost-benefit analysis

Cost-benefit analysis (CBA) is an economic assessment method that compares the profitability of various options for action, such as the adoption of alternative agricultural production systems, over a given time frame (Sain et al., 2017). CBA accounts for all relevant (economic) flows of costs and benefits. The most common indicators in CBA are the net present value and internal rate of return. Traditionally, externalities such as impacts of agricultural practices on ecosystem services and labour markets are not included in this type of analysis. By assigning price tags to such externalities, these can be included in CBA and provide an indicator not only of profitability for individual food producers, but also of the costs and benefits to ecosystems and society.

Example of application:

• Expanded cost-benefit analysis for CSA practices in the Dry Corridor of Guatemala (Sain et al., 2017)

A3.1.2 Implementation cost approach (for leakage-free REDD+ projects)

Under a forest conservation scenario, for example in the design of REDD+ projects, the implementation cost approach can be used to estimate the costs of sustainably meeting the demand for food and fuel which would have been met by conversion of forest land to agricultural land under a business-as-usual scenario. The underlying assumption is that conservation of forest land would lead to the displacement of agricultural and other income-generating activities – and associated GHG emissions, so-called 'leakage' – rather than stopping them. In addition to the cost of project management, this approach also includes the implementation of targeted measures to compensate the forgone opportunities of food production and income generation caused by the restriction of access to, use and conversion of forest land. This may include, for example, the cost of capacity-building to increase agricultural productivity on existing agricultural land, or the introduction of efficient technologies that reduce demand for a given resource, such as charcoal for cooking stoves. Based on household survey data, agricultural statistics, vegetation maps and experiences from relevant development projects, the carbon conservation potential and the opportunity cost for an average hectare of forest land are calculated, as well as the implementation cost of compensatory measures for one hectare of forest land. The costs are ultimately converted to costs per tonne of carbon, and thus provide an estimate of a carbon price for leakage-free REDD+ projects.

Example of application:

• Estimating the implementation cost of leakage-free REDD+ projects in eastern Tanzania (Fisher et al., 2011)

A3.2 Trade-off analysis

A3.2.1 Trade-off Analysis Model for Multi-Dimensional Impact Assessment

The Trade-off Analysis Model for Multi-Dimensional Impact Assessment (TOA-MD) is a parsimonious model, i.e. with minimal input data requirements, that simulates the adoption of specific practices or technologies across a given farm population, based on the highest economic return (Antle, 2011; Shikuku et al., 2017). Farm populations are stratified by economic parameters derived from household surveys, each stratum, rather than individual farms, being represented in the model by population statistics. TOA-MD has a flexible structure and can accommodate farm systems including crop, livestock and aquaculture activities, as well as off-farm income. Based on the predicted adoption rates for each stratum, and in combination with auxiliary models and indicators (such as for GHG emissions and food security), the impacts of adopting a given technology on incomes, food security and GHG emissions for the whole farm populations can be assessed, and possible trade-offs between these indicators identified.

Example of application:

• Dairy production in the United Republic of Tanzania (Shikuku et al., 2017)

A3.2.2 Sustainability polygons

Sustainability polygons are a tool to visualize and evaluate multiple indicators (see Figure 2), thereby enabling the joint assessment of indicators across the CSA pillars, as well as additional sustainability indicators; by comparing baseline with alternative scenarios, the tool makes possible synergies and trade-offs between indicators visible. Each indicator is scaled between 0 (least desirable) and 1 (most desirable), based on the value range of assessed alternatives, and is represented on an axis with 0 at the centre of the plot and 1 at the outside border. The indicator scores of each alternative are connected with lines to form polygons. If one polygon completely encloses another, it means that the corresponding option is more sustainable or climate-smart. If polygon borders overlap, an alternative criterion can be used, i.e. the comparison of the polygon area. The option with the greater polygon area is considered more sustainable. Depending on local priorities, as well as on the value ranges represented by an indicator, weighting of indicators may be required. This is largely subjective and should be validated through stakeholder consultation (Ten Brink, Hosper and Colijn, 1991; in Hochman et al., 2017).

Example of application:

• Assessment of adaptation options for rice-based crop rotations in southern India (Hochman et al., 2017)
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A3.3 Nexus approaches

A3.3.1 Nexus Webs

Nexus Webs is a conceptual-analytical tool to represent the components and linkages in a river basin (Overton et al., 2013). It aims to enable participatory learning on trade-offs and synergies to support inclusive, equitable decision-making on water use and allocation, such as hydropower generation, agriculture and maintenance or restoration of environmental flows. Nexus Webs is based on the water–energy–food nexus and expands it by an explicit environmental dimension. It considers four main river basin components – water use, assets, ecosystem services and well-being – each with several indicators. Indicator values are based on the assessment of a baseline and different water allocation scenarios for the river basin. The indicators are scaled at scores between 0 and 1 for comparability between indicators and components. Visualization through spider web plots – one for each river basin component – makes it possible to identify and put in context linkages across multiple sectors and objectives, including trade-offs and synergies.

Example of application:

• Assessing the social, environmental and economic impacts of water allocation scenarios in the Pangani river basin in northern Tanzania (Colloff et al., 2019)

A3.4 Scenario analysis

A3.4.1 Agricultural Production Systems sIMulator

The Agricultural Production Systems sIMulator (APSIM) simulates biophysical processes in crop production systems, making it possible to assess the performance of crops under different agro-ecological and climate conditions, as well as management practices (Holzworth et al., 2014; Keating et al., 2003). It is a platform that features models for a wide range of crop species. Crop performance as well as environmental indicators, including GHG emissions, nitrogen leaching and groundwater recharge, can be simulated for individual crops or multi-field farms. The tool is available at www.apsim.info.

Example of application:

• Assessment of adaptation options for rice-based crop rotations in southern India (Hochman et al., 2017)

A3.4.2 Integrated Farm System Model

The Integrated Farm System Model (IFSM) is a whole-farm simulation model which considers crop and livestock activities at the process level, and interactions between all components (Rotz et al., 2018). Available cropping activities in the model include alfalfa, perennial grass, maize, small grain and soybean, as well as pasture production. Livestock activities include beef and dairy cattle. The model requires detailed parameters of farm assets and operations and runs on daily weather data. Simulation results include productivity of each farm component, profitability, and several environmental indicators, including water use, reactive nitrogen loss, energy use and GHG emissions. The latter is based on a partial lifecycle assessment up to the farmgate.

Example of application:

• Assessment of trade-offs of intensification strategies for beef production in Brazil (Gil et al., 2018)

A3.4.3 International Model for Policy Analysis of Agricultural Commodities and Trade

The International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT) is a system of models developed by the International Food Policy Research Institute to simulate the behaviour of global agricultural commodity markets and its effects on food prices, food security, land use, GHG emissions and other socio-economic and environmental aspects under different climate change and agricultural production scenarios (Robinson et al., 2015). The core of IMPACT is a multi-market partial equilibrium model that is linked to several modules, including climate models, hydrological models, crop simulation models, and land-use models. Model outputs are computed for 320 subnational food production units, which can be aggregated at country, regional or global level.

Example of application:

• Global assessment of the effects of large-scale adoption of CSA practices in maize, wheat and rice production systems on food security and GHG emissions (de Pinto et al., 2020)

A3.5 GHG emissions

A3.5.1 Cool Farm Tool

The Cool Farm Tool (CFT) is a farm-level decision support tool to estimate GHG emissions from farming systems (Hillier et al., 2011). The CFT is open-source software and is based on empirical models of GHG emissions from crop and livestock activities. The tool has low input data requirements, using basic parameters to adapt the models to location-specific conditions. It is available on https://coolfarmtool.org/coolfarmtool.

Example of application:

• Assessment of the effect of precision nutrient management in conservation agriculture-based wheat production systems in northwest India (Sapkota et al., 2014)

A3.5.2 RUMINANT model

RUMINANT is a widely validated model to determine the productivity of and methane (CH4) emissions from livestock production of dairy and beef cattle, sheep and goats. A dynamic model component simulates the enteric fermentation process to estimate CH4 emissions, while a static component predicts the growth of animals and their milk and meat production. Input data required by the model are composition of livestock diet and specifications of animal breeds. The tool can therefore be used to calculate the GHG emission intensity of ruminant livestock products and assess the GHG mitigation potential of changes in livestock diets, for example increasing the share of concentrate feeds, or changes in livestock breeds (Herrero, Fawcett and Jessop, 2002; summarized in Thornton and Herrero, 2010, supporting information).

Examples of application:

• Dairy production in the United Republic of Tanzania (Shikuku et al., 2017)

• Beef production in Brazil (Balmford et al., 2018)

A3.6 Natural resources and ecosystem services

A3.6.1 Thornthwaite-Mather water balance modeling approach

The Thornthwaite-Mather water balance model is a spatially distributed approach to examining the impacts of land-use changes on actual evapotranspiration, soil water content and surface runoff. The model can be implemented in geospatial information systems and requires spatially explicit input data on monthly precipitation, monthly potential evapotranspiration, land-use classes, soil water holding capacity and soil depth (Trabucco et al., 2008). The further assessment of localized hydrological impacts of afforestation/reforestation projects requires a digital elevation model and information on growth characteristics of the tree species utilized.

Example of application:

• Impact of afforestation/reforestation on the hydrological system (Trabucco et al., 2008)




1 After a decline in numbers of undernourished people globally over several decades, there has been a consistent upward trend since 2014 (FAO et al., 2020)

2 Throughout the publication, the term ‘intervention’ is used to describe any type of programme or action that aims to achieve agricultural development goals, be it at policy, institutional, community, farm, field or any other level.

3 The creation of an enabling environment for the transition to climate-smart food systems forms part of the CSA implementation approach. Therefore, the identification of enabling environment factors is of particular interest.

4 The sets of objectives capture different aspects of the CSA pillars and do not represent indicators in themselves. Each objective can be measured and assessed with various indicators, as identified in the characterization sheets in Annex 1 and summarized in Annex 2.

5 For a more extensive and articulated mapping of synergies and trade-offs between CSA and the dimensions of sustainability, the reader is referred to the publication Climate-smart agriculture and the Sustainable Development Goals (FAO, 2019).

6 Search term – Topic: ‘climate smart’ AND (agricultur* OR food OR crop OR livestock OR fisher* OR aquaculture OR forest*) AND (synerg* OR trade-off* OR co-benefit*); Results: 64.

7 www.ipcc.ch/srccl/

8 It should be noted that one single case may appear in several categories if the respective study presents a set of indicators that are relevant to more than two CSA objectives. Such cases are counted separately under each relevant category.

9 The baseline survey also includes other parameters that are needed to estimate the effects of the different scenarios on the selected CSA indicators.

10 At least at farm level. Increased environmental cost may be compensated at landscape level if a comprehensive sustainable intensification plan ensures conservation and regeneration of substantive areas of natural habitats within the landscape.

11 The Shared Socioeconomic Pathways are a set of five alternative scenarios that describe possible futures of socioeconomic development and provide baseline assumptions for climate change projections presented by the IPCC.
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Reducing emission intensities
of agricultural products

3B

Emissions vs. Renewables

Replacing fossil fuels
with renewable energies

3.C

Bioenergy production from agricultural biomass presents a potentia ade-offbetween emission reductions and increased provision
of enewable energy. I low GHG emission intensitesin biomass production systems are associted with lowinput agriculure and
Iow yields,this willaso lmit the amount of bioenergy that can be produced from the biomess. Increasing biomess productiviy,
‘and hence the bioenergy yield, will ls rse GHG emission intensitie.

Indicators & metrics

(GHG emizion intencity: GHG emissons pr it of production, e,
« Kiograms of carbon dioside equivalen (CO,6q)per energy unit
ofbiogas vehice fuel(megajoule) kg CO.2/MJ]

Bioga: feecetock productivty: yield of biomss for biogas
producton perunitarea, ..

« Tonnesofbiomass iy mater pr hctre [tha]

Examples

Y

()

hectare was asolower Carlsson ot al 2017).

‘T culivaton of erennial legume grass mintures(pecies-poor and speie-ich)a  feedstoc for biogas vehicle uel production
‘o marginal ol in Sweden showed tha biogs produced fom unfriizedfeds ad consistntly ower GHG emisionintensity
per energy urit tha that rom feds with fertized treatments. Howerer, the overal yield of biomass - and hence biogas - per

Sustainabilit

the environment.

Perenniallegume.grass mixturs ith ow itrogen fertize inputs prvide high and sable iomass producion at a low isk of nitogen loss to
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The adopton of CAat scle - especiallonlarge farms wich contribute
the main share f marketable surplus producton - could not only
increase famn reiince to dimate extremes, but could ako play 2
il ol in mproving foodsecurity aregonalscal.

The existence of compensation schemes for famers afected by
‘extreme cimate events, for example insome states of Idia, causes
heavyfinancil burden for the tte goserment i the event of large-
scle dimate related damage t crops. Theefore, age scale adoption
of cimatetesilentand clmte-adapted roppingsytems would have
2 posiive econamiceffcton public budgets atstate o ational evel.

1 the ase of CA n northern Idia, sow adoption f th practice is:
observed.t is agued that improved availbily of direct seeding
technology and farmers'confidencen sing it would be key enabing
factors or adoption. Demonstatons, trining and direct exchange
between farmers and reseatches are needed to ncrease farmers”
knowledge and confdence in new technologies.Loclfamers’dubs
anplay 2 key ol niniiating suchprogrammes.
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Productivity vs. Social /environmental sustainability
Objective
1A

Productity geins derived fom intensificaton of production systems show synergie with the reduction of environmental cost,
such a5 ittogen leaching and water se in many examples, i these costs are calculated per unit of product, When calculated
per aes, they mostly pesent trade-fi. Under the premise that inceased productiiy leads to a reducion n land required for
agricultural production, and more land avalablefor nature conservation, the concpt of sustainable intensification argues thata
possibleincreass of environmentel costin intensifed sytems is compensated by avoidanca of environmentel impacts olewhere
Iand sparing).Inline with this reasoning, some ofthe trade-ofs appear s synergis,f environmentalcosts considered perunit
of product rather than land ares.

Practices with a focs on sustainabily,such as agroforestry, were found to provide numerous environmentel benefit n several
cases These banefit were eithr asociated with similr orlower yieldlevals comparad with conventionelprectices,and therefore
present potentiel trede-ofs with productiviy.

Inresing agriultura prodctvity | Sociland emronmentalsustanabity | g

Indicators & metrics

Land cost: e th inverseof yeld, exprecse asth aearequited - | Nirogen and phespharous lesching: expresed as amourt of
during one year -t produce ne productni e ittagen ) orphosphoros (P lesched perunitofproduc, ..

« Hecareyars pertonne of gin i years] + Kiograms of leached pertonneof whest kg Nkg]

« Hodareyeas per tone of energy<onecied milk (ECM) ha- |+ Kiogiamsof Pleached pertonne of enrgycomeced milkECH)

Yyearst] ligPhg]

Vied/productiiy: Water use: amount o wter used per uit ares, product it or food

« Tomneof gainperhecretha] nutentuni eg.

« Relativeyield dfernce between new and bselne pracice ] |+ Tonnesof wate orhectre[tha]

« Humandigstblepotein HDP)perh kg HDPIh] « Tonnesof ater perkg f uman-digesibl rten kg HDP]

+ foodenegy content megacloies procucedperaImalhal | vy o xprced 5 the amount of wite used per unit of
product e thenverseofwater producivi, e

* Cubicmetrsofwate pertonne ofrice [m4]
Energy uze: amount of energy used per uit are, poductunit or
food nutientunit, g,

« Tergouleper hectareT/ha]

« Megajoueper kg of human-dgestbl potin (Wi HOP]
Soilloz: expressedasthe amountof s roded peruritof product e

« Kiogramsf s pesper onne of energycorectd ik ECH g
Biodiversity: Relatve diference in biodversity indicatos between
agrocological pracices and conventonsl pracics, e

« Reatvedifferncei e richness 4]

« Reltve difierence inbird richness (%]

Examples

1 European wheat producton sysems (Uit Kingdom), incresed appication of inorgani iogen (N)fertizer esuted in
reduced and costi . high yields), a5 well slow nirogen leaching per tonne of whest. Hoerer, above a theshald o 96 kg of N
| applied per hectare, aditionalyeld gains were minimal and N leaching increased (Balmford et 2018)
00
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Production system adaptation vs. Carbon stocks

et | Adapting food production systems to Increasing carbon stocks
2.B | current and expected future climate change in soils and biomass

Potentiol trade-ffs may arie between the sequestraton f carbon in scosystems and adapation option avaleble to food
producion sytems downstream, ithin a ctchment area o river besin. This i llustated by the example of afforestation and
reforesttion projets thet reduce surface runaff and, consequently,river flow and downstream water availabilty for agriculural
activitessch s irigation (see below; Trabuceo et al, 2008). A posible trade-of was also found between drought adaptation
srategis in igated cropping ystems and sol carbon storage (see below; Wellr etl, 2016).

Indicators & metrics
Changeinzurfce unc, e Aves afforetedireforeted: o enhance carbon sequesttion, ..
 Absolute change inrunof expressed a watr depth . + Hectares ofand sforesteeorested o]
»lii Sngtia mnad ) Soil organic cabon stock change, e
Iigution water Use, .9-  Megagrams = tonnes) of carbon (C)per hectare [Mt Cha]
« ligaton water depth applied per e [mmlyear]
Examples

paddy rice; cry season: maize o aerobic rice) in the Philppines found a sgnificant reduction in rigation water usage in the
diversfied <ystems, with no signifcat eflects o overall grain yiel, quafying thse systems as possbl drought adaptation
BTH | e Homses, i th v gobl i ol f st i o e o8 o s 1
© @ | Pt icemizeystom dminihed over the cous o e yers nhemedium o ong e, i ma prsentaadef with
carbon storage, butalsowith oifertity,pssilyafecting yields and ncomes (Weller  a, 2016).

g Field experiments comparing the traditional double paddy rce cropping system with diversiied cropping systems (wt season:

Mforsaton and et prjects have th potentl o sequecte rgequanites o ctbon, A hydrlogiel ssescent of
poentil res for foreaton o eoestation unde he Kyoto Proocls Clean Deelopment Mecharism (COMAYR) lolly

ound shrpncess in cul espotaneiatnsnd, nmany e, sgncant eduction 20l moisur nd et unof fom

SForead e (abicco et 2008 Zomeea, 2008) Caecudis fprjectate n Bl and Ecusdorchowed hatutcome:

fsforestation nd eoretationaesongly contest dependent with ol <onditions dicaing whethrthe st 3 ynergy or
tiadeoflOnth ne hand reduced ol maytemper eosion onsite and h sk ofdownavea oing On th other,t my
© @ | rodicesroen o v, with g o domsrnts el heokh e e eveliy, e it e, skwesaton
andeforesationprject compromisethe dimate changeadspation ptions, ich s rigton,of owntesm watruers.
[ESI——— T ————_

Sustainability

Anather posible tradeof that may ais in fforstationreforestation projct is competitionfr land between carbon sequestationbioeneray
producion and agrcuturelfood security This particulrly affectsth ivelihoods ofsmallhoder armers,many o whom rely on culfivatng land
dentied as suitabl for such poject

Methodologies & Tools

1. Thomthwaite-Mather water belance modeling approach: Hydrolagical model t asses the impactof fand se change on hydologial
parameters [seepage 1]
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Increasing food producers’ incomes

Income vs. Livelihood resilience

Improving climate risk mitigation
strategies for food producers’ ivlihoods | 2,A

forcynergies betweenincomes and ivelihood resilience. Frm i
arefikely to relizethis synergy acoss a renge of diffeent socio-
dimates of environmentalimpactindicators, including GHG emiss
as environmental sustainabilty more broadly (sce example below).

The diversification of food production systems, fr example from lvestock to integrated croplvestock production holds potentil
wlation models provide ool to assess which farm configurations.
economic and climatic scenario. Such models can alo provide

ions,enabling theessessment of ol thre pllers of CS s well

Indicators

& metrics

Farm income: expressed a net evente, e
* Net revenue per hectare [USD/he]

Income stability: espressed as fam income, ie. net revenues
o sale of agricutural produce, of aternativ fam ystems under
diferent imate change senaris.

 Netrevenue perhectre [USD/ha]

Examples

Afarm simulaton of medium and arge beef cattefarms i

¥

pet hctre i the integated system - whichiasothe most
Methodlogecol ppiedefert et oo of i cheet

the stae of Mato Gross, Braz, shows higher incomes for integrated

crop-ivestoceystems soybean-beefcate),compared withpure ivestocsstems extensive o otational grazing) of puresapbean
cropping systers. Theintegrated sstem i shows thegretest economic eslience under both optmistic and pessiistic cimate
change scenarios up o the year 2050, coresponding t fepresentativ conciration pathway (RCP) 2.6 and RCP 8.5, respectvely.
‘This shows the pottil ofonfar diversifcation to mprove bath ncomesand dimate resilence ofa production ystem - n this
speciic case enabled by higher vestock stcking ratesinthe integrated system and lower sesivty o luctuations in market
prices of beef and soybean Whilethe ntegrated ystem i also more productive than pure vestocksystems - intems of uman-
digestble proteins per hectre - it also presen higher environmentalcosts per hectare i tems of energy use, wter Use and
nittogen ssesf alculated pr HOP.the environmental burdenissimia between al vstocksystems butncresses considerably
for pure estock ystems underextreme lmate change (RCP 8.5). GHG emissions per HDP ar ower for the integrated sstem n
alclimate scenarios,but il one order of magritude grater compared with the pure soybecn croppingsystem, while emissions

intensive-ar highestin all cimate scenaios Gl etal 2018)

Methodologies & Tools

8

diferent farm confgurations.

Integrated Farm Sytem Model (FSM): Whole farm simulation modelt assess produciviy, rofitablty and environmental impacts of

[see page 79]
Y,
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Agro-ecosystem resilience vs. Carbon stocks

Increasing the resilience Increasing carbon stocks
of agro-ecosystems in soils and biomass

3A

There i trong potential for synergies between the resilienceof agro-ecosystems t climate stresses and increased carbon stocksin
the landscape. Increasing tree cover in agro-ecosystems sequesters carbon and,a thesame time, regulaes the microdimete and
protectssol resources. However, in agrforesty, particula cae needs o betaken to fnd the most beneficil degree f tree over,
25100 much shade compromises crop yields.

Indicators & metrics
Change inzurface uncffeg Aren afforectereforested: o enhance crbon sequestaton, g
» Absoltechange nrnoff expressed as wate depth [mm] « Hectaesofand affestedreforested ]

 Relatie change inrunof (%]
Dry zeason maximum temperature; rlsive diference between | biomass and ol between agro-ecologicl pracces and conventional

agrocological pracies and conventional practces. pracices e
 Relatiedifrence in diyseason maximum temperature %] « Reltive diference n aboreground tree bomass crbon stock
]

Dryzeacon oilmoicture: relative iference etweenagro-eclogial
pracices and comventonalpractices

'+ Relatve difference in dy season soil moisture [%]

Carbon stock: relative difference in carbon stocks in above ground

* Relative ifierence i carbon stock[%]

Examples

?

00

Aforestation and reforetaton projects have the ptentia 0 sequestr large quaniies of carbon. A hydrological assessment of
potental aeasfo afrestaton o refoestation under the Kyoto Protools Clean Development Mechanism (COMAR) globally
found aharp ncrease inacual evapotanspiration and, inmay cass, signfcat reuctonin il moisture and water unaff from
aforestedreas(abuco tal, 2008; Zomertal, 2008) Case studie ofprojectsiesin Blviaand Ecuadorshowed that outcomes
of affretaton and reforstationae stronly contert dependent, ithlocalconditions cictaing whether th reultisa synergy o
atrade-ffOn the one hand, educed runoff may tempererosion on-ie and th ris f downstream floading. On the oher, it may
reduce steamflowin ivers,with impacts on downstreamecosystem health and watr avalbity.Inthe ormer case, afforstation
and reforestation projectsenablesynerges withenhancing th cimae eslienceofago-ecasystens
Methodlogiestol appiedfer o b of hissheet

(SI7)

"Moderae lvels f shade-ree cover (30 percrt)incocoa agrforestysytems i Ghana wer found t have aheatmitigatng efec,
and also incease carbonsequestation in above ground biomass, compared with fullun monocultures. Th efecon cocoayields
and sil moistue was neutal(lightly negative, but nignificant), Howeve,  radeof with vater availabiltyfor cocoa plarts was
observed a higher levels of shade-ree cover,With increasing shadeqree cove (up o 80 percrt), the heat mitigting efect and
above ground carbon sequestation inrese further,albeitat the cost of drastcally reducing water availablty and cocoa yeld. The
efectof hade-tree coveron i ety and crbon sequestationin sl neutal actossthe wholegradiet (Blser tal 2018).

Sustainability

Anather possble tade.of that may aie inaforetation'efretation prjets s competiion for land between carbon sequesaton'bioenergy
producion and agrcuturelfood security. This particlaly affectsth vlihoods of smaliolder armers, many of whom rely on cultivating land
idetiied 2 utabl for suchprojec.

Methodologies & Tools

1. Thornthwaite-Mather water balance modeling approach: Hydrologial model o assess the impact o land use change an hydrological
parameters Geepagesi]
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Income vs. Social/environmental sustainability

. | neressingfood producers incomes | Sucial andenvironmertalsustainabity | g o

Increases nincomes andorprofitbily that are derived fromintensiication of production areoften associted with environmental
tradeffs. However,higher incomes are likely to show synergies with poverty reduction end improved food securty. Several CSA
practces promoted in smllhlder crop systems were found o offer synergies between profitabilty and sociel and environmental
benefits.

Indicators & metrics
Farmincome,eg: Poverty rate: proportion o the populaton fving under USD 125
+ Annualincome [USDIyear] USD per persan per day, e.0.

Antaemal rebeofrecurm (AR} .. the estimate of thopeobabiiaycfan | * PoPoon of population bensath povery e %]
investment (sdopton of s pacic or producton systm) conidered | Income-bazed food zacuriy (IFS): proportion of the populton
ovrisentefsime. with it income avaiabe to puchas 3 epesentatve food

R Tnditag:

+ Propatonof popuon foodecre scording o SFS thezhold ]
Economic el of scl o anvironmentl et xpesed
s absolte economicualues et hecareforalenative pracics .9
Vlueof hng inBodveryndex USDs]

Volueof o sequestered USDIh]

+ Valeof auoided i roion USD/h]

+ Valeof avided pestcide 5o USDa]

+ Vale aditoslemployment pporunites (USDha]

Watr s amountof waler sed por it are, procuc it food
nutientunt, eg:

« Tonesofwater per e U]

 Tonesof water e g of umanigese ptein kg O]
Enersy use: amount of energy used per it area, praduct it o
foodusienturi e

« Tesoule pe ecreTihs]

« egsouleperkg of humsn-digetle rotein Mg HOP]
Lo of reactivenitrogen: amountofitoge N) i esciveforns
lot pernitare, product untor od et unt 6.5

« Reacive ot perhectar kg el

© RescteNlost perkgof uman igesie potinlkg kg P

Examples

economicallyviabl or the majority of households inth study are and ead to igher incomes, a el as reduced poveryrtes
and improved food secuity amang the modeled fam popultion withinth distict(Shikuku etal, 2017).
© | Methodslogesteas sppe eeto e bonom f s shet: 1.2

7 The adoption of improved catte feding practice n smallhlder fvestock systemsin Lushotodistict, Tazania, i expected o be
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Box 1: Concept of synergy and trade-off in climate-smart agriculture

The terms synergy’and trade-off are widely used, without any definition, inreports and scenticlerature about climete-smart
agricuture - or bout the interinkages between climate change adaptation and mitigation in the food and agriculture sector
‘more generally (FAD, 2009, 2013; Harvey et al, 2014; Smith and Olesen, 2010).For the purpose of this report, syneray’ is
defined asa positverelationship between two measurable objectives, e, when a postve impact on  given objective coincides
witha psitive impact on anatherabjective A tradeoff is defned as  negative relationship between two meastiable objectives,
. when  postiveimpacton a given abjective coincids with a dtrimental efect on another objectiv.These defnitions appear
1obeinline with use of the terms ‘synergy’and ‘rads-off in mostoftheevalited lterature and fllow the concapt of trade-off
analysis Kanter etal, 2018).Itshould be nted, hawever,thetaccordingto thisdefiniton,a synergy does notnecesserly nvolve
@ mutuelly einforcing relaionship.
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I afarm simulation of medium and arge bef catlefarms in the stte of Mato Gross, razi integrated crop-vestoc systems

(soybearrbe cate)show igher roductivy andincomes, compared ith purelvestockystems extensive o rotatonal grazing),
a5 well s lower GHG emission intensite. Produciviy and GHG emision intensies efer to human-digestble ratein i order 0
alow comparablfy actoss beef and soybean production. Howese,when considered per hectre thee is a cesr rade-ffbetween
productviylncomeand GHG emissons,with th negrated system - whichis o the mstintensivesystem it thehghest e

@ | oine s preenting teighst eisios, oloed by h atinlpsture e The e e s o e
environmental ndicators (energyuse, water use an itrogen losses). pointing . trade-of wth environmental sustanabity (il

etal, 2018)

Methodelogiesol appidefert bt o hissheet: &

A bioeconomic smuaton of smallvolder mixed cropestock farms in nothern Tazania was performed to denty farm

confgurationswith the et ade-offs Choosing fom  predeined set o pssiblefarm adaptations (presumably mprovements),

the farm model was appliedto four representatve famtypesoptimizingthetrade-ffs between ncreasing income, incrasing the

nttogen (N) balance and reucing GHG emissions at farm level. Whil the N balance was sed a5 an approximation of adaptive

capacy -representing inrease farm and 5ol esouces an thusenhanced bufe apacty toshocks nthe contet ofsmallhlder

fams hatdonot use:any minealfrtizers - tshould be notedtathigh farm N balancesare actuallyan envtonmental oncernin

industalized countries The simulatons dentifed posible tple-uinsfortreeofthe fourfam types, with mafctions difering

© | b ope Commen mediicatons acos most ps wer reducion ofvesock nis,elcement of ol estock red: with

improved daiy catle breeds,reduction of on farm pasture, inceased on-fam feed production (Napier gress) and ollseed cake

feeding, reduction o crop residue feeding and ncreased residue etenton n fields.Farm income showed a pasiive cortelation

it frm GHG emisions acossthe simulted ltemativefam configurations a variou targe ncome levls. Howerer, i each

farmtypethere were configuatons that inrease fam ncome and reduced farm emissions, compared with the basline (curent
pracice) (Paul et l 2019),

Sustainability

Inthe cas o vestock farms inTarzana, the ncome gans were consistently assciaed with(predicted) reductions n poverty and improved food
secury (Shikuku etal, 2017).

Despit the economic adantages and increased eficiency ofsustainabe vestck intensiicatio, reducing herd sizes and replacig local vith
improred breeds may have negatve implications. Forexample, arge hrd sze may be an expresion of socil status. Improved cttle,being
more expensive, may also be more ificult o sel at lcal markets and ae ot sitabl as draught power forcop cutvatin. Oten ancther
challenge i lackof senvices and infrastucture to suppart ecring of improved breeds, incuding atficial nseminaton and cooling faciies
Livstock intensifcationaso inceases fam labour requirements, and may be problematic where labou avaiabily i lmited, lthough labour
productiysikely toincrezse Paul el 2019).

Methodologies & Tools
1. RUMINANT model: Dynamic esimation of methane (CH,) emissions based o livestoc diet Sttic esimationof vestock growth and milk
yeld see page 0]

2. Tradewoff Analysis forMulti-Dimensional Impact Assezsment (TOAMD) model: Prsimarious model (minmalinputdata) hat pedics
adopion rate of atativ options (compared with baseline] based o grstest expected economic enefit ez page 76]

3. Cool FarmTool: Farmevel dedision suppottol for the assessment of GHG emissionsof cop and ivestockacivties. ~ [see page 80]

4. Integrated Farm Syztem Model (FSM): Whale farm imulaton madel o assess productity, proftabilty and environmental impact of
diferent farm confgurations. [seepage 79]
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Table 2:

IEI [Objective A: Ful name]

Structure and features of the (5A synergy and trade-oft characterization sheets

[Objective A: short name] vs. [Objective B: short name]

[Objective B: Full name] l;;]

[Descripton f reletonship,including typicel synergies and trade-offs, mostreleventspotel r temporalscles, etc ]

Indicators & metrics
[Provides 3 st of exampls o indictors and metics sutebe o assess Objctive A against Objctive B, based on th cass identied through

reviewed literature]
ncicatorc] ndiator)]
- Mot « IMetidl]
Examples

[Provides  listof examples o synergies and trade-of o nterventionsin differentagricutualsubsectors ]

831
[S)

[Exampleof 2 synergy o ade-fffrom agricultural sbsectorX].

The dides beneathth sectoricon ndiate if the exampl revealed a synrgy (' on geen cice), a tade-off (T on yellow cice)
andlorno neracion (N on gey circl) between two abjectves.

00

[Exampl of asynergyor rade-off from agricultual subsector Y]

Sustainabilit

Enabling environment

[escrption of relevant sustainabilty aspects that are
Highlighted in the reviewed iterature i the context of a
specifc elationship between two CSA objectives - where
available ]

Ths coud nclude positve or negaive efects an any of the three
dimensions ofsustainabity - conomic sodl, envronmental - or
themesfrom acoss the Sustinabl Development Gosl.

[Description o relevent enabling environment factors to reap
synergies and reduce trade-offs, s highlighted nthe reviewed
literature inthe context of  spedifcrelationship between two
CSA objectives-where available |

T could incude, for example the redesign of policies orsubsidies,
socal protecton schemes, or th strengthening or creaton ofspeciic
insttutons

thelterature review-where aailable]

Methodologies & Tools
[Povidesaistof methodologesand toosforthe ssssmentof synergies and rade.ofs na given categoy based onth casesidentied though

[Methodology/tool]: [Description]
| Methologyolf. Deciption]

[see page XX]
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Sector icons:
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Productivity vs. Emissions

Reducing emission intensities
of agricultural products

Increasing agricultural productvity

Improved farming prectices and technalogis that achieve greate resource-use efficiency can ceate synergis between increasing
the productivity of production systems and reducing the GHG emission intensites of agricultural poduction (e.g. Sapkota et l,
2014,2017; Shikuku et af, 2017) This principle appliesto alsubsectors, but the reaizaion o synergies depends on the proper
use ofthese technologies.

Intensifcation of systemstoincrease productivity,sichasincreased frtization rtes incop or iomass cultivation, may aso result
in higher emision intensites and thus present o rade-of (e.g. Blmford e al 2018), particulrly when compared with low-input
systems where no fetilzes re applied,such a biomess production on margina land (Carlsson et l, 2017).t s important to
note that increased productivity - albeitat lower emission ntensities - may incrase absolute GHG emissions from a given unit of
land due tothe increese in overall producion (see e, Gil tal, 2018). For example,  global exant essessment f the adoption
of asetof practices commonly promoted as CSAin cereal production systems found thatthe adoption based on the sole cteion of
increesed productvty ig ead tosignifcant ncrases of absolute emisions inseverl countres - compred with » business-as-
ustal scenario n projections up o theyeer 2050 de Pinto et 2020).On theather hand, using a combined criterion of increased
productvty and reduced emission intensity would result in  reduction of absolute emissions in most countries, and to slight
increases in a very limited numberof countris.

Under the premise thet ncreased produciiy leads to a reduction in land required for agriculturel producion, the concept of
sustainableintensifiction arguesthatabsolut ncreasesof GHG emissions inntensifedsystems reofset by carbon sequestration
through the conservation o restoration of carbon-tich ecosystems on spared land - resulting in @ net reduction of greenhouse gas
emissions at landscape scale. Indeed, when accounting for the carbon sequestration potential of spared land, some observed
trade-offs between productivity and GHG emission intensity appear as synergies (Balmford et al, 2018). However, the benefits of
land spering can anly b realized f arees set aside fo conservation and resoration ere protected by targeted policie,laws and
tegulatons, such s strict land-use oning, conditionelaccess to markets and esticted el subsidies. Otherwise the proitabi

of igheryielding systems i likely to result inincreased conversion f naturlto agricuturlland

Indicators & metrics
Yied: product per unt of land areavestocketc. i a given time | GHG emizzio itencity: GHG emissions peruitof poducton, ..
period, eg.: * Kilograms of carbon dioxide equivalent (COeq) per tonne of
 Tonnesof grinperhecreand year[tha] granyield kg CO.e0f]
 Tonnesof biomass dy mater(OM)per hectareandyar(tOMAa] |« Liesof methane (CH,perleofmil[LCH, 1]
+ Lites of milk pr cowand ay (U] « Kilogams o arbon doxid equivalentpe energy untf iogas
vehicl fuel (megajoule) kg CO,6q/M.]

Land coet: th inverse of crop yild, i . urits of landrequired during
‘e yearfor poducionofone productunit &g

« Hedtre years pertonne o gin e yearst]

« Hodtre ears pr tonne of acas weigh e yearsh]
Partal factor roductiity: product per unit of one speciic input
fator suchasfertilzer,eg.

+ Kiograms of grainperk o nittogen (V) kgl N
+ Kilograms of grain per kg of phosphorous [kg’kg P.0, ]
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Table 5:  Distribution of cases by C5A pillar
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related to water use, groundwaterrecharge and itiogen leaching. I all adaptation cenarios, wate use and itrogen leaching
inreas, whilegroundwater echargedecins. Consideing thevlue range and oclcontext, his presents aseemingly acceptable
rade-f forthe maiorty of sakeholders. Bu t aso shows the impartance of multistkeholder particpation and weighting of
indicatorsbased o ocal contet i the evaluaton ofrsuls (Hochman etal, 2017).
Methodologieol appiedefert b of hischeet: 2.3

Enabling environment

I the case of water management at the rver bsin scle the development of polycentic govemance arangements, induding water user
‘associations and multistakeholder platfos, i instrumental i acheving equitabl water allocation thatminimizes radeoffs.

Methodologies & Tools
1. Nexus Web:: Aknowledgeframework deigned o promote collborativeexploration o synegies and tade ofs and enablechanges in
decion contetsfor wter use. [seepage79]
2. Agicultural Production Systems sIMulato (APSIM): Cropsimultion model. fseepage 79]
3. sustinability polygon:: Visvalzatonand ompariso of muliple indicatrsacross aematve ptons. eepage77)
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Box 2: Participatory methods for ex-ante assessments

An alemative approach to exante assessments nvolves using partcpatory methods, for example as part of rapid appraisel
‘approaches sch as the Climete-Smart Agicuture Priritzation Framework (CSA-PF) (Andrie et o, 2017).The assessment of
synergies and trade-ofsin the CSAPF lrgely reles on the judgement o experts and local stakeholders about the expected
efects of adopting new practices, technalogies and services on productivity, edaptation end mitigaton. Petcpents rte the
effectof each CSAoption being considered onthethree CSA illrs, sing ascalefrom 10 t0 10.By comparingthe average scores
of any given CSA option acros th pillrs the existence ofsynergies end tade-offs i determined. However these methods do
not provide quantiative detafor paiise comparisons of indicators - the rationale o thepresent approach - and are therefore
notfrther discussed inthis publicaton.
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Income vs. Agroecosystem resilience

Increasing food producers' incomes

The integraton of agro-ecologicl principles i food production systems,incuding soil and land management practics, hlds
strong potential for synergies between increased incomes and greater esilience to extreme climte events. It seems, however, thet
these synergies -nd advantages averconventionel ystems et ey berelized.This mey,inper, depend on thresholds of
severityofthe extreme cimate event atwhich egro-ecological systems alo collapse. It may also depend on the orginal purpose of
agro-cological prctices For example, meastiresto enhance rsilence to drought mey be of limited efectiveness in mitiating the
impacts of s hurricane. Lack of maintenance of physical structures, sich os terraces, may also reduce their efectiveness over time.

Indicators & metrics

Impactof extreme climate event: on farm income: g expressed | Impactof extreme dimate events on agro-cosystem: .. impact
25 share of harvstlost o s net evenue (poft o loss)derved from | of ahuricane onsol esources an conventionalfarms v, adopters of
crops, calculated based on preimpact market pries of th extieme | agro-ecologiclpractces:

event (e huricane).

+ Depth oftopsoil[cm]
 Netrevenue perhectre [USD/ha] + Depth tomisti e
* Share of harvest lost[%] » Vegetation cover %]

income advantage of an agoscolagial | § “m”"”;%w
producion system over  comentionsl sytem, deived fom yeld | et Ul esion
difrence and market price. Aveaafected by landsides [mha]
+ Economic alus curency) er hectre[USDIha] Vield pensty ollowing extreme cimate eventz: change n cop
Lo Y comparedwih norma year sl .3 aused by utimely
‘excessive rainfall:
 Vild reduction compared with norma year [%]

Examples

Farms on hillides in Nicaragua applying agro-ecological practices - in particular, sustainable land management (SLM) practices -on
g average showed reduced et economic lsses and even high proits in some cases, a5 wel as reduced impacts on il resources

g {eroon) e being it by n exteme ranfall vt (Huricane Mich, 1998),compared it nighbouing conventionsl farmz
P4 | (Holt Gménez, 2002) Howeve, this synergy - and comparative acariage over conventional fams - seems to have  theshold

deied by steepnes of th lope and ranfall nency, beyond which  vaichd.Tis heshld o depends o te pecic
© | combinaton of M practices and the level of maintenance o physical structurs such s eace,contour bunds and contour
diches.

Among Mexcan hilid e formsof aying degees o vegettive compleiy,thee withgrestr complenty were e feced
; | by e (rueny and svery) hen by Hurine S i 205 Howerr, o sinfarnt et o educng economic
fossesatfam clecould be deteted (Phiatteta, 2008).

The adoption of consenvation agriculure-based wheat producton in whestice systems in northern India led to higher average
§ | iamesand s e el porlyin e et an et et i s i, iy sl -
compared with conventionaltlage-based systems (Aryl et f, 2016).
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Qi | Improving climate risk mitigation
2.A | strategies for food producers’ livelihoods

Livelihood resilience vs. Emissions

Reducing emission intensities

of agricultural products 3B

intensification of the production system and.e eleted increase in

Diversification of produion systems can generate synergies between increased economic resilince under a range of future
dlimate scenarios and reduced GHG emission inensitiesper prod

uct unit Where reduced emission itensities derive mainly fiom
productivity, there s, oweer, & rick thatemissions per it area

increese an consequently, <o do absolute emissions a landscape level - nlessefective land.spering srtegies are pplied.

Indicators.

& metrics

Income zabilty: expressed a5 fam income, i net reventes
from sale of agrcutural produce,of atemative form systems under
difrent cimate change scenarios.

« Netrevene per hectre [USD/ha]

GHG emi
eg:
 Kilogams of rbon dioxide equivalent (C0.eq) per unit of
human-digestlepotin(HDP) kg C0.29 g HOP]
« Kiograms of CO,¢q pe hecare kg CO,eq/a]

intensity: GHG emissons pr unitof poducionlan,

Examples

¥

(11}

inceased productiviyleads t 2 substanil reducton n 3
Methodologiefols apple efertostat bt of hissheet:

Inafarm simulation of medium and arge beef ate farms inthe stte of Mato Grosso, Brezi, integrated aropHvestock systems:
(soybearrbee cate) present stronger economiceslience, as wel s lower GHG emisson inensies, compared wth pure estock
systems extensive o rtatonal grazing) under diferent cimate change scenario.Poductity and incomes arealso higher under
the itegrated sytem,showing poentialsynrgies betwen al thee CSA pllrs. However, the crp-ivestoc system - being the
‘mastintensive - asth highest GHG emissions pr hectae, . el dimate change mitigaion benefitwill niy be achieved fthe

grcutural area and reforestaton of abandoned land (Gl et af, 2018).
1

Sustainability

Intensificaton ofthe production system may resutnadiional envionmental costsncuding, orexample, esoutce useand nittogen emissions.

Methodologies & Tools

%

difrentfarm confguratons.

Integrated Farm System Model IFSM): Wholefam simuation model to asessproductivy, prftabilty and environmental impacts of

seepage 791
)
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The exstence of compensation schemes for famers afeced by
extreme dimate vents for example, insome statesof India, auses
heav financial buden forth state goverment n the event ofarge-
scalecimate-elated damage to cros. Thereore, arge-cle adoption
of cimateesilentand clmte-adapted roppingsystems would have
 posiive econamicefect on public budgets tsate o natinalevel

\_

I the case of GA in northern India, slow adoption of the praciceis
obsenved. It is argued that improved availbily of direct seeding
technology and farmers'confidencein sing it would bekey enabing
factors for adoption. Demonstratons, trining and direct exchange
between farmers and reseatchers are needed 10 increase farmers”
knowledge and confidence in new technologies.Local famers’dubs
an play 2 key ol niniiating suchprogrammes.
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2B

Production system adaptation vs. Renewables

Replacing fossil fuels with
renewable energies

Uses ofneturel resources for adaptation purpases in food ystems

semi-arid iverbasin n Tanzania, a the costof energy producton

other and hence present tade-offs.This i llustrated by the example of expanding water use foriigation inthe upper part of &
ata hydroelectric power plant downstream (see below).

and for renewable energy generation may compete with each

Indicators

& metrics

Irigated are: depending on water allcatin for cimate change
adaptionatthe rver basinscale.

« Hoctresof copland under nigatin a]
Water avalable for iigation: depending on water allocaton for
cimate change adaption at the ive basinscle

« Cubic metes of watr alocated o iigtion ]

Hydroelecric power production: production of renewable energy
form hydroelectic power plants aggregated over the river basin .3
« Total amountofenergy productionn gigawatt ours [GWH]

Examples

Tanzania' upper Pangari iver basin eads to lower evlso

housing (Collof efal, 2019).
Methodologiefols aple (refertotat b of h sheet:

The allcton o greter amauns o wte frth expasion frigated crop production -5 anadaptation measure - in Norher

eneray production. While it upports ncreased crop productiy,incomes and food securt it aso impact aturlvegetation and
it carbon sorage capacity i the upper basin. I addiion t reduces envronmentalflows in the lower ve bain,impacting the
iverineecosystem and lvelhood acvte thatdepend o it sich s fihing an th cllctionof wildfoods and reed materas for

hydroelecic power, and terelorepresents  rade-of with enewable

Enabling evironment

In the case of water maragement a th rver basin cale,the development of polycentic govemance arangements, nduding water user
assodations and mulisakeholder laforms, isinsrumenta inachieving equitable water alocaton that minimizes trade-off.

Methodologies & Tools

dedision contetsfor water use.

1. Nexuz Webz: Aknowledge framework designed to promote collaboraive exploation ofsynegies and trade-ofs and enable changes in

[seepage 79]
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A costbenefit analysi - incuding cots of environmentaland soial extenalitie - vas used o asessthe perormance of eight
CSA pracces being promated among famers operating maizelbean producion sstems n the iy Coridor of Guatemala.
Synergies between proiabilty and positve exteraltes - incuding biodversiy, carbon sequestiation, prevention of ol and
wate contaminaton and empioyment opportuites - wer found for al practice except tone bariers, whch tumed out 0 be

O D | ronpoftable, dspite posive extenaltes (ai tal 2017).
' fam simulstion of medium andlrge befcatlefrms i the ste o Mato Gz, e, negratd crorectock sytem:
(soybean-befcat) how igher prouctityand ncames,cmpared it purevesock syt etarsiveoroftol grazing)
T "However,hi scenaroaso resent the ighest environmental cos pr hectre(energy use, water use and nitrogenlossec),which
s manly atbued o the hgherctle socking e, Ony  calusted pr unt o prodicion (numan-digesble prcen) and
@ | underesreme dimstechange(RCP8.3)-whichdproporionstly mpscs producivty it s erciveytems-dothe
ineqratd stems prcentth lower evironmetal <ot (Gl et o, 2016).
Methodsogieoippied oot bt o e
Methodologies & Tools
1. RUMINANT el Dymamic stmatonofmethan (CH,) emisions based on estock e Staticsimation ofestockrowthand ik
yeld seepige 0]
2 sl ImpactAszszment TOAMO) sl Psmaious model minimal nputdit)hat prcic
doptio te ofaemativeapions(ompared it szline) iz ongestest expectd conamic benei. Tseepige 76]
5. Intagrated Farm Syt Model(F5M): Wholefsmsimulstion mdel o s productyproftabiy and smionmenal mpact of
frentam confurtns. Tssepage 791
\_ P,
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Social /environmental sustainability vs. Emissions

Reducing emission intensities
of agricultural products

Social and environmental sustainability

Practices andtechnologiestargeting  redction of GHG emission intensities through improved resource-use efficiency can ncrease
hotisehold incomes and, consequently, improve food security and reduce povery. They therefore hold patentia for synergies
between reducing egricultural GHG emissions and improving socal outcomes for farm hauseholds. However, tis patential
stiongly depends on curent pactices on a given form. Introducing new agriculura aciviie on a farm, for exemple ivstock in
 aop-based system, may lso resultin  teep increasein GHG emission intensite, despite postve soialoutcomes (Paul et
2018; Shikuku etl, 2017) Trade-offs may also occur with environmentel costs,where reductions in GHG emission intensities are
in part achieved through intensfcaton o thefarm systems and, henc, higher productivitylevels (Gl etal, 2018).

Indicators & metrics

‘Poverty rate: proportion ofthe population iving under USD 1.25 per | GHG emizzion intenity: GHG emissions per unitof production/land,
person per day, eq: eg:

+ Proportion of population beneath poverty %]  Litres of methane (CH,) per itre of milk L CH,]

i * Kilograms of carbon dioxide equivalent (C0.eq) per unit of
Income-bazed food zecurity (IBFS): proporton of the population £
human digetlepotin (HDP) kg CO.2q g HDP]

mueﬁ;-mmn-auuumnumumwmmm « Klogams of Q0 por allg Oyl
basket,  Kilograms of C0,2q per household [kg CO,eq/household]

 Popotonof populton oo seaure accrdingto BFS theshold[%]
Food avilailty: expressed as the clories avaiable per famly
member, where household sz is quantfiedintems of male adult
‘equivlents, based on the energy requirementsof each houschold
member b gender and age.

 Kiocabories pr ersonperdy [kl person/day]

Lozs of resctive nitrogen: peruitarea orperunitof product e
 Kiogramsof nitogen (V) per hectre kg N/ha]
+ Kiograms fnittogen (N)perhuman-digestble rotein (HOP) kg
Nig H0P]
Wiateruze: erunitare o per it of product eg.
+ Tonnes of water perhectretha]
 Tonnes of waterperhuman-digestibe protein (HOP)[tkg HOP]
Energy use: per uitarea orperunitof product e

 Tenjoule per ectar T/hs]
« Tejouleper humn digesseprotein (0P Tkg H0P)

Examples

o igher food secuity andreduced poverty rates amng farms n the distic, s well s a reducton in methane emision inensity
fromentericfermentation (Shkuku eta, 2017).
© | Metodsagiestolsppe oottt s e 1.2.

T The adopton ofmpraved catefeeingpractices in smallolder vestocksystemsin Lushotodistict Tanzana, is expected olead
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1A

Productivity vs. Livelihood resilience

The diversifiction of food production ystems, for example from
for synergies between productivty and lvelihood resilience.

lso provide estimetes of environmental impactindicatrs, nclu

configurations e kel o reclizethis synergy across  range of different soci-economic and cimaticscenarios. Sich models can

of A, a5 well o envitonmentelsustainebiliy more broaly (see

vstock to integrated crop lvestock production holds potentiel
Farm simulaton models provide  tool o assess which farm

ding GHG emissions,enabling the essessment o el thee pillars
example below).

Indicators

& metrics

Productvty: e.g. expressed a amount o humandigestbe potein
(HOP) and food energy content produced perunitarea.

= Kilograms of HDP per hctre kg HOPIha]

* Megaclories offood energy per ectre [Meslla]

Income stability: expressed as fam income, i et revenues
fom sale of agricutral produce, o atemativ farm systems under
diferent lmate change scenris.

 Netrevenue perhectre [USD/ha]

Examples

higher ivestock tocking rats in the integrted system a

¥

landscape context Speificmeasuresto reducethe enviro
rade-of(Giletal, 2018).

Afarmsimulationof medium and lrge eef cttefarms i the sateof Mto Grosso, e, shows higher productiviy forinegrated
cropivestock ysems sopbear-beef cate compared with pute ivestock systems extensive o rotatonalgrazing).Theintegrated
system alsoshowsthegreatest economic resilence under both otimistic and pessimistic dimate changescenarcs p to the year
2050, cortesponding to represeniative conceniration pathway (RCP 2.6 and RCP 85, espectively. Tis llsates the pofentl of
onfam divrsfication to improve both productity and cimateresilience of a roduction system -nthisspecic ase enabled by

Howeve,whil the ntegrated ystem i also more proftable and has lower environmental impacs and GHG emissions per uit

of humandigestbe protein (HDP), the abolute emissions and environmental impactsofthe <ystem (per hctre) ar greater.
Sother s  trade.off which depends on the development ofland use, food production and relted GHG emissons in the wider

Methodologieots applied (eferto st t bt of his heet:

nd lower sensitivityto fluctuation in marke pices o beef and soybean.

nmentalimpactof th integatedsystem may contrbute to reducing the

Methodologies & Tools

e
diferent farm configurtions.

Integrated Farm Syztem Model (IFSM): Wholefarm simulation madel to assess produciviy, prfitablty and environmental impacts of

[see page 79]
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Income vs. Emissions

Reducing emission intensities
of agricultural products

Increasing food producers' incomes

Practices and technologies trgeting a reduction of GHG emission intensites thraugh improved resotirce-use eficiency can t the
same time, incease household incomes. They therefore hold potential for synergis between the reduction of agriultural GHG
emissions and improved food producers ivelihoods. However,this potentil strongly depends on current proctices on a given
form. Introducing new agricutura activities on a fam,for example ivestock in & crop-based system, my lso result in  steep
incease in GHG emission intensitie, despite positve ffects on housshold income. Also, when calculating GHG emissions per
unitarea, the synergy may turn into atrade-of,at leat tthe fieldleve; at the landscape level, this could be compensated by
land:sparing stategies. In some cases, the synergy between incomes and emission intensities was found to be associated with an
incease in environmental costs.

Indicators & metrics
Farm income, e 'GHG emizzion intensity: GHG emissions perunitof production/land,
* Annualincome [USD/yesr] b

Littes ofmethane (CH ) er e of milk L /1]

Netretumirvens, eg « Kiograms of cabon dioide equvlent (C0q) per tone of

 Vale ofnet retum per hctare o ropland [USDIha] grinyiel kg C0eqt]
Benefitcost raic: dmensionless mesure represnting the ratio | * Kiograms of crbon ioide equivlent er hecare [tg CO.89/
of retums obtained from the sale of agricutural produce (eg. one: - - T —_—
e « Hilograms of CO.2q por ) cqfem)
hectare cultvated for wheat)aver the assoiaed coss. 3 dmgw@dhwwmmk
0,2q/kg HDP]
Examples

The adoption of improved cattefecing pracice in smallhlder vestock sstems in Lushotodistict, Tacania, i expected o be
economicllyvizbleforthe majrtyof households i thesudy areaand ead o higher househald ncomes, s well 10 reduction
"'i in methane emission inensity from enteic fermentaion. Howerer, there is 2 potentialtradeoffo frms that do not curently
‘own catle: the acqistion of ne head of mprovec-breed iy cate couldsubstatialy nceasetheiincomes, but it would also
© ) | increase the farms’ net methane emissions manifold (Shikuku et a, 2017).
Methodlogieot agpied(refert oo o hischeet: 1.2

Adoption of zro tlage in ighly mechanized, igated wheat poducton systems in Haryan state, norther India, esuted
E i increased farm incomes - fom bothreduced productioncust and inceasd et revenues - and s reduced GHG emision
a AP | inensite, n part due to ol carbon sequestation. There were, however,sgnifican changes i wheat eldsduring the three year
il (naltal, 2015).

© | Methodlgiestet e eeto e ahotom f i chet: 3

‘production ystems in Haryana stae, northern Indis,resued in ncreased incomes (net returs), as wel s reduced GHG emission
$ | et Gpkta o 2014 he sty st it combiations oftint et i with e lige
Y ‘and conventional ilage.ncreased yields under 2T were only observed in a year with above-normal cimatic stress, pointing towards
e ‘synergies with dimate-resilience objectives. However,this aspect was not assessed quantitatively.
Methodoogeof apled (efert it brom of i hee:3

g Adopton of sitespeciic nutient management - supparted by a nutient management deciion support ystem ~ in wheat
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Productivity vs. Carbon stocks

Increasing carbon stocks in soils

Increasing agricultural productivity and biomass

Oiectre
Ambitious land-based cimate change mitigation gosls mey result in compatiton for land batween food producion end
reforestation and affrestation,presenting a patenta rede-of between food productivty at landscapelegionel level and carbon

stocks.Producton ntensication on  teadly dectessing aable and areacan hel t reduce this ede-o, However, generating
synergies between two abjectives will equire adic henges in dietry prefernces (see example below).

Indicators & metrics

Daily dietary snergy producion oodenergythatcanbe proisoned.
by agrcuture percpita and da for a givn geographicl egion.
« Kioaloies pr captaperdoy calapita/dy]

Forest area sze: area covered by forest in a gven geographical
region:
« Hectresof frestedand a]

Examples

Scenario analyss for Europ indicats psible synergies between ncreasing ietary energy producton and freeing up sufficient

arasforeforestaion and forestation by th year 2050, i ne with Eropean counties'commitmens to imitingglobalwarming

10115 °C. However, these ynergies could only be realized in scenarios tha foreee a radical change in dietary prefrences and
@ | eiterreduceboihruminantand non-uminant mest conumpion o ompletelysiminate mest consumgto (Le f 1 2019)

Enabling environment

Ashiftin dietary prefernces towards less meatintensive diets is rucil to reducing or even avoiding th tiade.of between incessed food
production and siengthened forest cabon stck.
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Annex 3

Descriptions of methodologies
and tools
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Characterization of synergies
and trade-offs in CSA
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Figure 1: Diagram for the sceening of CSA initiatives for potentiel synergies and trade-offs based on the matrix of categories of
PRyl
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Social/environmental sustainability vs. Production system adaptation

Adapting food production systems to

Social and environmental sustainability and future. 2B

Uses of natural esoutces or adaptaion purposes infood systems and forensuring (r estoing) ecosystem serices may compate
with each ather and hence present trade-offs. This i llstated by the exomple of expanding water use for irigtion n the upper
pertof asemiaid ivr basin in Tenzania, at thecostof ecosyste health and livelihoods dependent on intact iverine ecasystems
in the lower basin (see below).

Indicators & metrics
Economic securiy: exprssed as verage householdincome atthe | Iigated area: depending on water allocation for cimate change
iver basin scale. adaption tthe riverbasin sale.
 Annual householdincome [USDY] « Hectres of copland underirigatin ha]
Natural food,fuel and material=: economicvalue offoods, fuelsand | Water sailble for irgation: depending on water allcton for
matrias collcted fom ntural habtts ttheriver basn sl dimatechange adapionat the ve basi scale.
 Enomicralue USD] « Cubicmetrsofwaterlloctedtoigation )

Environmental  zecurity:  dimensionless score representing | Yield stability: expressed as coeficient of variation (V)i standard
ecosystem sevices and iverheathathervr bsinscal (see Clloff | devation divided by the mean, of 3 time seies o obsenved or

etal, 2019) simulated opyelds It canbeexpressed asa ratio of pecentage, with
e e Towvaluesndicatinghigh sabily.

Wiater use: expressed a5 cumuative inigation depth over the

cropping season * C¥of op yields over given priodof ime %]

 Iigation watr depthin illmetes (]
Groundwater recharge: exprssed a5 cumulative amount of desp
perclaton ver the ropping season.

 Porcolaton waterdepth ]
Nitrate leachin: expressed as amount of oal nitogen () lached
beyondthe rootzoneper hecae during the croppingseason.

 Kiograms of N leached pe hctare kg Nha]

Examples

The allacation o greate amauntsof water for the expansion o nigated cop producion - s n adaptation measure - in Northern
Tenzanie's upper Pangani iver basin eas o  reducion o the environmenta flows in the lower river basn,impacting the ririne
ecosyste an Ivelhood acviesthat depend o tuch s fishing and the colctionof widfoods andreed materals or housing.
While average household incomes in th upper basi increse, they decin in the ower basin. The water alloaton in favour of
agicuure s educesthe enenable energypatential fom hydiopoerand cabon storage nnatralvgetaton Collof tal 2015).
Methodlogieols appid(efert e oo of hissheet: 1

Ascenarioanayss, sing @ cop simulation model was conducted to test the sustanabilty and dimate smartness of adaptaion
strategie forcoton and maize producton n smallholder paddy ice-ctton and paddy rcemaize systemsinsouth India under
hitoric cimate and moderae cimat scenarios (2021-2040; RCP 6) Adaptatio optios included new rteriato determine the
sowing date and adoptionof supplemental rigaton for maizeoton combined with educing padd iceare o source wter for
supplemental iigaton Yearto-ear cimate vribiity was greatet than varibilty between scenarios. Adaptation optios were
assessed and compared with cutent pracice using th following st of indictors: yield, yield tabilty, ross margin, tabily
of gross margin,global warming potential and GHG emissio intensiy (a5 CSA indictors) and watet us, wate productivy,
‘ground water recharge and nitogen leaching (as susainabiltyindicaors) While most combinations of adaptation options show
improvements acos ll SA indiatrs(incuding dimate resilience,th adoptionof supplementl iigaion involves rede-ff
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Table4: Methodologies and tools for ex-ante assessment identilied in reviewed literature
Methodology/tool CSA synergy/trade-off* | Description®
Cost-benefit analysis 1Bvs.1.C LEAR)
Cost-benefit o o
analyis Implementationcotapproach o lekege
i 1834 maz
Trade-of Anclysis Model for Mult Dimensional
ey 14w.38 w21
= e
Sustainability polygons e w22
2Bw.3F
Nexus 1.Cws.28
cpprosche: | 1 28wc w3
1Aws.28
Agricultural Poduction Systems iMulation (PSIM) M4
Integrated Frm System Model (IFSM) n42
Intemtional Model for Policy Analyssof
‘Agricultural Commodities and Trade (IMPACT) i s
Cool FarmTool M1
GHG emissions
RUMINANT model w52
Natural "
nd ) 10w 3A
resourcesand | Thomthwaite Mater water balance modsling e i
e iy Sppract 20634

* T alphanumeri codes represent th pirwise comparion of CSAabjectves s defined bl 3.
o¢ uduntos fhe comosponding soction tn A2 which providis the bnief desotyBeniof ths athodslogshvel.
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enabled the idetifition oflocaton-and farmspecifc adaptation opionstht ncease clmte esilence(interms o yield and
gross margi stabilty) and asothe income derved from crop producton ofthe opping system (Hochman etal. 2017,
Methodlogiesol appid(efert et b of hissheet: 1.2

A bioeconomic simulation of smalholder mised cropHivestock fams i northem Tanzania was performed to identy famn
configuratons with the ezt trade-ffs Choosingfrom a predefned s of possble farm adapations (presumably improvements),
thefarm model was applied o four representative fam types optmizing the trade-ffs between inceasing income,increasing
the nitogen (N)balance and reducing GHG emisions atfam leve. While N blance was used as an approsimation of adapive
capacty - representing increased farm and o resoutces and thus enhanced buffer capciyt shods i the conextof maliolder
fams thatdo o use any mineral fertizers -t should be noted tht high arm N balances ae actually an environmenta concern
in industalized countres. Th smulations identied possible tiplewins fo thee of the fourfam types, with modifcatins
ifering by type. Commn maiications acoss mosttypes were reduction ofvestoc unit, replacement o ocal vestock breeds
vith improved daiy cattle breeds, reducion of on-fam pasture ncrease of an-farm feed production (Napier rass) and oiseed
cake feeding, educion of cop esiue feeding and increased reidue rtention in felds. I eachfam type,configurations were
identified that increzsed fam income s well 35 N balance. Athough thi was inteprete to increase fam resilience to shocks
(induding dimate shocs) it shuld be noted thatthe improved dairybreedsare more susceptibeto heattess and diseass,and
henceinreae th climate sk of the vestockfam component Paul e al, 2015)

‘Ahousehald suvey in Odisha, India, showed that beneficaries of arura vlihoods suppartprogramme who had adopted drought
‘daptation measuresin thei farm sstems chieved higher ne revenuesand value of roducton. Adaptation messurs included
ceation of feld contour dams, use of droughtolerant seeds, and diversficaton of the agricutural system (Panaik, Das and
Bahiniat, 2019).

[S]
‘O fatm experiments across southern and East Afica(Kenya, Mozambique and Tanzania) showed that the strategic application of
s ‘small amounts of fertilizer increased the productivity, profitability and yield stability of maize-pigeon pea intercropping, compared
YU | with unferted ystems,Intecoppingalo hd a positveefec on nutientse ficieny, cmpared with etlzed sole maze
o | T s Gt 200

Sustainabiliy

Despite the economic advantages and increased efcienc ofsustainabe ivestock ntesifiaion, reducing herdsizes and replacing local vth
improved breeds may have negativ implcations.Fo example, g herd size may b a expressionof socil ttus Improved cattle,being more
‘expensive, may also be moredificul t sl at local markets, and they are ot sutabl as draught power or op cutvation. Anther fequent
challenge i th lack ofsenicesand infrastucure o support earing of improved breds,indudingartfical ineminaton and colig acitis.
vestock inensifction ko incrasesfarm labou requiements and may b problematic where lzbour availabily s lmited, fthough labour
productiysikely toincrease.

Methodologies & Tools
1. Agrcultural roduction Syztems <IMulatr (APSIM): Crop simulation model. eepage79]
2. Sustainabilty polygons: Viualzation and comparson of multple indicatorsacoss altrmatv options. e page 77]
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Afamsimulation f medium andlargebeef cattefamsinthe siatef MatoGrosso, Bzl shows helowest GHG emissionntesy
forintegratedcrop-vestck sysems (soybear-beef catte, compared with pure vestocksystems (extensiv ot ottional graing)
-r underbothoptimistic and pessimistic dimate change scenaricsupto th year 2050, corresponding t representative concntation

pattways (RCP) 2.6 and RCP .5, espectivel. Howerer, environmentalcostsperare - wateruse, eney use and 1oss ofreactve

nittogen -ae considerably higher. Ao, he GHG emisions er area are inversely proportonal to the GHG emission itensites.

@ | el theachivementof overall emision educions depends o sccesuladspaingand o concenaton andlor
sequestation withinthe landscape, while the continment of environmentalburden requies trgeted measures to increse the

resource use effency and sustainabl souring o inputs n the production ystem (Gl tl, 2018).

Methodlogiesol ppiedrefert b of hiszheet:

Arapid exante impact assessment was conductedto evaluatethe efects of thee national agriculturalpolicies onth foodsecurity
and GHGemisionso smaliholderfarm households in Ruand.Th three policies (1) prvisioning of househlds with ane head f
cross bred dairy cateeach (2) introducing improvedlvestoc feeding pracies 3) minerlfertizer subsidies - reached iferent
types and numbers o households with diferent impact. Th subsidzed dair cattle onsiderably improved the food secuy of
E those househalds below the threshold f food avaiabilty of 2 500 kalper person per day(the average energy requirement of

‘male adult), but ks led to asteep nceasein household GHG emissons, s these familes formerly id not have any fvestock.
Improved feding practces et a moderat nceas i food avalbity and alow increase in GHG emisions,but iy reached
betterof households tha lready owned lvestck; this therelre represens the last equitable poliy. Fetizer subsidies were
@ | themostequtablepoiy reaching mosthouseholdsand eulingin  ow incease i bt ood availabity and househald GHG

emissions. Overall, a dear tradeof between food availabilty and household GHG emissons was evident. Only in the cse of
impraved feeding pracicescould asynerq be observe, f GHG eissons areexpressed as emission ntensy per uritof roduc.
Most househalds with food availzbilty above th theshold had substantial income contrbutions fom livestock andlr fffarm
employment ilustating the benefts of ivestock ntegration and ofifam income sources forthe food secuity of cropbased
smalolder farm households (Paul e al 2018).

Methodologies & Tools

1. RUMINANT model: Dynamic esimation of methane (CH,) emissions based o lvestock diet. Sttic estimationof vestock growth and itk
yeld see page 80]
2. Tde-off Anaysi for Mult-Dimencionsl ImpactAzzezzment TOA-MD) mode: Primonious model(minimalnput data) ha redicts
adopion ateof atemativ options (compared with baseline] based o grstest expected economic benefit e page 76]

3. Integrated Farm Sy:tem Model (IFSM): Wholefamsimulation modelt assess productivi,profabilty and environmental mpacts of
diferent farm confgurtions. eepage79) |
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Table 1:  Setof (SA objectives used to categorize synergies and trade-ofis in dlimate-smart agriculture

CSA Pillar 1: Sustainably increasing agricultural productivity and incomes

Icrossing sgicutunl productvy
1A | oy improvementsinth producuty o efcenc ot foodproduction e exresed s food productonperunitares | Productivity

oprama g
1B | oy improvemen: Income
e e, .
ol and anienmental usinably®
1 c Based on the aim of CSA Piller 1 to achieve increases in productivity and incomes Soc./Env.

utainabity o representedin Ojectives 1 Aand 18, tisojecive s eleentpea of o ndevvicnmentl | suztainability
ustainbity. .. food secury.cocil equaly,biodmeriy and econyiem enices

N

CSA Pillar 2: Adapting and building resilience to climate change

Improving climate rizk mitigation strategies forfood producers livelihood:
2.A | oy mprovementznIneinood resenceto clmte impactzderwed from mitgation setege:such  divercfction o
micminzurance;expessed s income sabily, chenge inuncusainable coping uateges et

Adapting food production sy=tems to current and expected future limate change Production
9B | Aertecncl o sronomic sopttn e thtimto eceeprre s sty o sl impactf et

B | cinge el o eponopporuntes cired by cngin cmate endtons. €. ue e improvd vt sdopionf systom
imigton,chang ofcoporesoc species or otucion of ke expeed s yild by aes underimgeion .| 3daptation

Incsaing the reilence o agr-ecoyctam:
.G | v imprenen: i e esence oo ey e g dend i e enacemet of

G | ccoyem funcions e seices, e, peces e, naesing suctr ey end neul e o
mproing i esth; xpesied s peld bl domage o it ted G, .

CSA Pillar 3: Reducing and/ or removing greenhouse gas emissions, where possible

Incrscing carbon st
B | ko messres 1o comre o emhnce tnzs o e carbon sk s el o, andcap o s v, | Carbon stocks
e ton ik per s, ek rforsid e of arbonch s e 6.

Reducing emission intensites of agricultura products
3B | Aeyimprvements n GHG emision e it o prodac o uni s a poduc. e . andsape o tonaew; | i o

B | xpresed asemissios o indidu GHGs eruior emisions of o doide eqivaen(C0yeq) L& gobelweming =
poental (GWP)peruni.

Replacingfozil fuel:with renewable energie:

Volume of enewabie enrg producion o r 5 reled o srclure: This incudes, for xample, enewaes that e

3.0 | iegutedinagictnatsyems g coapowerdinigatnl.orbioeneray ndirboerery eedock atare dived | p
U | fomegicsture imey o oncer th producion o enewabecntgy utie the g secor, whee agrcufure

compets o the came resources (g hcopower e ritd agrcutue; xpesed £ enerypoducion et

besn evel, energy cantentof bioenergy eedtock bomasayed, et .
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1A

Productivity vs. Production system adaptation

Increasing agricultural productivity “":"‘W ""‘"m;':" o ;';

Globel long e simuletions of dimte change impacts on crop yilds and the efects of adaptation suggest that targeted

ptation measures can mitigte o even reverse the negativeimpacts on crop yields(Chelinor . 2014).Locelzed simuletions
d field experiments on cropping system adaptation confirm this potential for synergies between productivty increases end
stabilty of crop yields actoss variable climate conditions (see examples below).

Indicators & metrics
Yiel: rp yield perunitarea: Yiel tabilty: exprssed ascofficentof variaton (CV i . standard
« Tonnes per hectre thi] deviation divided by the mean, of a time series of observed or

‘simulsted aop yields. ftcanbe expressed asa ratioo percentage, with

Irigation water productiviy: expresed 25 g5 marGnet | o values ndiating high tabity.
tevenue pr unitofrigation vter, e,
« e reenue i Inian rupes (INR)per milse of iigaton
water [INR/m]

* CVofcupyieldsover a gven periodf time %]

Examples

A scenrio analyss, sing @ crop simulaton model, was conducted to test th sustainabilty and climate-smartnes of adaptaton
stratgiesforcoton and maize productioninsmalholder pady ice<oton and paddy icemazesstemsinsouthndia underhistorc
dimate and moderatedimate scenarios (2021-2040; represertatve concentation pathway (RCP) ). Adaptation options incuded
new e to determine the sowing date and adoption of supplementlrgaton formaizecoton combined with reducing paddy
e area to souce ater fo supplemental igtion. Yer t-yea lmate varably s grater than variilty between scenarios.
Adapatonoptions were assessed and comparedwith curent practice using thefollowing st indicatrs:yieldyieldsabilty, ross
margin,stabiltyofgross margn,lobalwarmingpotental and GHG emissionintensty s CSAindicators): s welas watr use water
producivy, ground water recharge and nitrogen leaching (s sutainabiy indicatore). Wi upplementl irigation presented
some tradeofs eated to groundaterrechrge and nitogen eaching, mostcombiations of adaptation ptons mproved the CSA
indicators and showed reater verll ustainably compred with curentpracic - determined though sustinabily polygons.
The prformance of daptation aptons s influenced by agro-cologca condions i the three asessedlcatons, s well s by farm
siz.Thesudy enabld the identifiction oflocatio- and farm-speic adaptationoptionsthatncease dimate esiince-interms of
yieldand grss margin tabilty - and aso overal roductvity o the copping system (Hochmn et 2017).
Methodologiestoot:appled eerto s atbotom o i heei 1.2

‘Onfarm experiments acros southern and Exst Afica (Kenya, Mozambique, Tazania) showed thtth tatgic applictionof small
amourts offertiier increaed the productity, proftablty and yield sabily of maize.pigeon pea intercopping, compared with
unfetiized systems.Intercropping lsohad a posiiveeffect o nutrientuse eficiency, compared wit ertized sole maize cros.
The ffcton GHG emisions was notassesced Kiwa tal, 2019).

[S)
Methodologies & Tools
1. Agricuhturel Producion Systems IMulator (APSIM: Crop simulation model [seepage 79]
2. sustainabilty polygons: Visualzation and compariso ofmulipleindicators across akematv opions. Geepage7]
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Productivity vs. Agro-ecosystem resilience

Increasing agricultural productvity

The integration of agro-cologica princples infood production systems holds strong poteniial for synergies between increased
productivity and greater resilience to extreme climate events In the example of Cuban smallholder farms, the multileyer design of
these systams wasfound t be en important facor that enhances recilience. Whil strong winds during 2 urrican damaged trees
‘and high plants such as bananas, cropsin thelowestvegetatve layer emained largely unffected (Rosset et 2011).

Indicators & metrics
Land productvtlcop yied, o5 Initialdamageyield penalty(afer extreme event) e
ot revenues fom agrcutural produceper hectreof atvated Percntage ofproduction vale st ]
and [USDIhe] « Yield educion compred with nomal year (%]
« Tonnes of wheatrinpe hectre [tha]
Recovery o preductive potenia (801201180 days fe extieme
Labour productvy, .. even)
« Tot revenuesfom agricul produce porfrm worker [USD/ |+ Percntageof productive otental[%]
wota] Stailty index,exprssed s the atoof mean value of a serie of
el messurements (overa1ange of environmentalariation n space
andlor tme) over the sandard devistion f yieds (imerse of the
eficentof vaito).
Examples

The adopion of consenaton agriculture (CA} based wheat producton in wheat ce systems i nothernIndialed tohigheraverage
yields and also reduced yield penaly nthe cae f exreme climate events inhis ase, untimelyexcesive ranfll, compared with
conventionl tlage-based systems (yaletal 2016).

(5]
Berimrts of biomass producity of ntencively mansgerrfd gasand syt i el snd Sizetand v found
consienly igheryield n fourpeie gzl s, cmpared with sinle. o wospecie: gz, under bothnomal and
M4 | (imulted) rought condtions Fourspecie grslan s s showed gester il abilty scoss vrying dimaticcondiios,
demonstating ththighe specie ety n grasand agro-ecosystemscan nctesc bth productivyand drougt resence
© | (Haugheyetal, 2018 Hoeretal, 2016).

‘Smallhlder fams in Cuba with  higher degree of agro<cological ntegration showed greater land and lzbour productiviy and
et als s afected b Hurican e (2008) and reovered theirproductve potentil e quicly(Rossetetal 2011) Thestudy
s conducted among farms o  cooperative withnia, medium o high sgro-ecolgicl integration, ccoding o dassficaion
scheme based on a range of creria, ncluding fermers'atitude, knowledge of agro-ecological concets, fam dversifction,
dependence on extenalnputs roductiy income andsocal welbein, itegrationn local markes, and gender equalty

Sustainability Enabling environment

The adopton of CA at scle - especilly on large fams which
contributethe main share of marketabl surplus production - ould
not only increase fam resilence to cimate exemes, but could
akso play a criical ol in improving food secuiy t regiona scal.

In the case of smallhalder farms in Cuba, the succes of the
largecle adopton of agro-ecological practices ~ besides the
limited acces to. agrochemials - is atibuted to the stiong
networks among famers and famersofarmer  extension
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A bioeconomic simulation of smallhlder mixed cropivestock fams in nothern Tanzaria was performed to identiy farm
confgurationswith the et ade-offs. Choosing fom  predeined set o pssiblefarm adaptations presumably improvements),
the farm model was appliedto four representatvefatypesoptimizingthe tade-ffs between ncreasing income, incrasing the
nttogen (N) balance and reducing GHG emission at frm lvel Whil the N balance was sed as an approximation of adaptive
7 capacty - representing increase fam and 5ol esouces an thusenhanced bufe apacty toshocks nthe contet ofsmallhlder

farmsthat do not s any mineralfetlzers- it should be note thathigh fa N balances reactallan environmertal concerin
industiaized counties The simulatons dentifed posibletple-insforthree ofthe fourfarm types, wih mofctions difering

© @ | e Common maictons acuss mos ypes wer reducion of vestoc unis, eplacement f ol o breeds with
improved dairy catlebreeds, educion of an-arm pasture, increas of on-farm feed producton (Napier gass) and oiseed cake
feeding,reducion of cop esidue feeding andincreased esdue etentioninfieds Ineach farmtype,configurations were dentied
thatincreasedthe N balance and tth same tme reduced farm GHG emisions Although the N balance wasinterpreted oincrease
famrsiience toshocks induding cimate shoc) tshold be noted tha the mproved iy breeds re more usceptbl tohezt
tres and diseases and hence ncreasethe dimateris of th vestockfarm component (Pauletal. 2018).

Sustainability

Despit the economic advantages and increased efciency ofsustainabe ivestock intensifiaion, educing herd sizes and replacig local vith
improved breeds may have negativ implcaions. For example, ge herd sze may be an expresion of social status. Improved cte, bing
more expensive,may 2k be more dificult el atocal rkets and they ae o sutable a draught power for crop cltvation. Ofen, another
challenge i lack of senvices and infrastucture to supportrearing of improved breeds, incuding artficil nseminaton and cooling faciites.
Lvestock intensifcation abso incteasesfarm labou requiements and may b problematic where lzbour aaiabily s lmited, fthough labour
productiy kel toincrease.

Methodologies & Tools

1. Agricultural Production Syztems sIMulator (APSIM: Crop simulaion model. [seepage 791
2 Sustinail polygons: Visalzatonand comparson of mulil ndictrs s aenatv ptirs fseepage 6]
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The Kasigas Coridor REDD+ project in Kenya conseres and sequesters substantial amourts of carbon in forest biomass and
‘generates benefits from the sale of carbon cedis However,while atempts were made t ake equaliyissuesino consideration
nthe distribution of benfits,the reatest shaes flw o the recoveryofpoject implementation costs and o the holders of oficial
and e, The minimalharesof benefisllocated to community members wthout land e ~toosmll o diburseindividully -
ar collectively invested in commural projects. Thsleaves community memberswth o benefits nth formof individualincomes
and high opportuity cots forthe frgone benes from cop cuivation,huting harcoal producion and frewood colecion A5
aesult, the projec einforced pre-existing inequalits beteen rdinary members o the lcal population and the it (Chomba
etal, 2016)

Bnasessment of iferent cop poductionscenaios extensifation, itensfication based on minerlfertizers, green marure o
agroforestry) found potenial synerges between ensuring basic caloic needs and increasing the GHG mitigation potentia fortwo
villgesin subSaharan Afic,one ith low populaton density (Tanzria) and one with igh populaton densty (enya) While all
scenarios would rsul inavlble land for teforestation and net carbon sequestaton inth Tanzanian vilge,anly twoscenaros
esulted in et mitigaton f GHG emisionsin the densely populatedvillagein Kenya The minerlfertiizerntensificationscenrio
was projeced t free up suficient and for efresaton, which sl ofset the increasing itous oxide (N,0) emissions from crop
producion. The agrforestyscenaro was projected o have the highest net itgaton potetil,sequesteing large amounts of
carboninabove-ground biomas,which also fsetth lighty increased N, emissions fom th ertizaton fectof egume tees
(Palmetal, 2010).

Sustainability

dentiied assuitabl for such projecs

Another possible rade-f that may arise in afforestationreoretation project is competiion fo lsnd between carbon sequestation'bioenergy
production and agricutureffod security.Thisparticulary afects th ivelhoods ofsmallhlder famers,may of whom el on culfiatng land

Methodologies & Tools

parameters.

1. Thomthwaite-Mather water balance modeling approach: Hydrological model to asessth impactof and-use change on hydroogicl

eepage1]






OPS/Images/P063-01.jpg
Carhon stocks

Increasing carbon stocks
in soils and biomass

3A

vs. Emissions

Reducing emission intensities
of agricultural products

Apotentiel trade-offbetween GHG emissions and carbon storage
‘emissions were associated with @ loss of soil carbon (see examy

‘warming potential o5 an oggregate ndiceto, some including, athers excluding carbon stock changes n soil or biomas
not therefore possible to analyse this rletionship on a broader bas
synergies between carbon stocks and emision reductions, for example where incresed sofl organic carbon stocksresultin higher
solfority, thereby reducing the need for externa inputs such  feriizersand their associted GHG footprint.

in sols was observed in cropping systems, where declining GHG
ple below; Weller e al, 2016). Several studies reported global
It

isofstudies. Closr assessment would probebly also

Indicators

& metrics

Soilorgaicarbon sockchnge, 3
« Megagans = tones)o carbon ) perhecsre M Cha]

Global warming potental: expessed 2 emisions of crbon doide
equivalent(CO,eq) e peruntaea:
« Kilograms of CO,¢q perhetare kg CO,eq/ha]

Examples

years Inthe mediumtolong e, this presents  tade-of, notonly wth carbon sorage, butaso withsoil ety possbly afecing

yelds - ahthough there was  tendency for higheryields

Egl
o

sategies Welleretal, 2016).

Feld experiments comparing th tdtonal double paddy rce cropping system with diversiied croppng systems (wet season
paddy ice y season: maizeor aerobic ice) n the Phiipines showed that whilethe diveried sstems educed the overall
global warming potetial o the system, the ol carbonstoks i the paddy ice-mazesysem diminished over the course f three
yeldsandincomes The diversied rtations ls equired sign

aerabic ice rotation, compared vith the traditonal ystem - which qualies the otationsystems s possibl drought adaptation

ificantlyles nigation water atrelativey sableaverage annua grain
in the paddyrce-maiz rotation and for loweryels n the paddy rce-
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1C Social and environmental sustainability

Social /environmental sustainability vs. Agro-ecosystem resilience

Increasing the resilience

of agro-ecosystems 2C

‘and,atthe same time increase speciesrichness oftrees and birds

The diversification of agro-ecosystems to increase their rsilience to climate riks offers clear synergies with enhancing biodiversty.
Thisis lustrated inthe example of cocoa agrforestysystems n Ghana, which improve the microclmate i the production system

(see below).

Indicators

& metrics

Biodiversiy: reltive difference in biodiversity indicators between

agro<cologial praices and conventionl pracices, e
 Relativediference inte richness %]
 Reltiedifferenceinbid richness %]

Dy zeazon maximum temperature: reltve diference between
agro-cologial pracices and conventonslpractices.

« Reltive differenc iny season maximum temperature (%]
Dy zeason soil moisture: Relative difeence between agro-
ecolgicl practces and conventional pactices

« Reltve difference iny seson il moisture (%]

Examples

£

(s 17]

Maderae eves of shade-tee cover (30 percent) n coco2 agroforestry ystems in Ghana were found to have  positve effect on
bioiveriy (e and bid ichnes) as wel 25 2 heat mitigating effect, compared with fullsun monocultures. The effect on soil
maistute,sil frity and cocs yields s neutal (lightly negative but incignifcantforyield) An ncease i shade-ree cover(up
080 percent) further enhanced biodiersty, as wll s the micocimate, albetatthe costofdrastcal reducing water availabily
and cocoayiel.The effect ofshade-ree cover o il feriltywas neutal across the whole gradient (lasr el 2018).
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Income vs. Carbon stocks

Increasing carbon stocks in soils
and biomass

Increasing food producers' incomes

1B

Potential trade-offs can be observed between the promotion of food producers' incomes and the conservation of carbon stocks. The
restiction of acessoforestland andits conversionto ogricutuel land narderto conservecarboninforest ecosystems s asocioted
with opportunity costs forthe loca populetion. In areas with strong development potentil n the food secto,these opportunity
costscan be compensated by messures o incease produciviy and production from exitig agricuturel land. However,such
mecsures increase the implementation cost o crbon consenvtion projects nd therefre depend on the achevement of higher
carbon prices in international carbon markets.

Indicators & metrics

‘Opportunity costof carbon conservation andlor sequestration: | Carbon conservation andlor sequestration potentil: net amount
value offorgone income opportunities, e.g.agriculural and charcoal | of avoided carbon emissions from avoided deorestaton or forest

producton,expessed s net present ale: degradation, or carbon sequestered through relffrestation and
 Netprsentalue per hectre(USD/ha] ecosytem estoration, ..
« Tonnes o carbon (¢ per hectare [ Cha]
Examples

A asessment of the netcarbon conseation potentalof ane hetare of averagefrest land i th confext of 2 REDD+ prject
in Eatem Tanzania, and the economic berefisof converting this and fo agricutural use and charcoal productin, concluded
hatthee is a high opportunity costof REDD:+ projcts for the locl popuation. This would be fikelytolead to akages', e
the local population would seek to compensat ts demand for food and income sources in areas outsde the REDD+ area, and
simply displace carbon emissions. Howeve, the sudy alsoidentiies potental o compensatethe forgane ncome from crop and
charcoal producton though targeted ntensifcation of op poducion - ncresingcrop ieldson the existing copland - and the
© @ | introducton of fueleffcent cooking stoves to reduce charcoal demand. The increased costof implementation to indlude these
‘measures n a REDD:+ projec couldbe economicallviable, assuming a competiv carbon priceof USD 12 pertonne o catbon
doulle of the price o compensztingthe opportunitycost Fisher et al, 2011).
Methodlogiestol appideferto b of hissheet:

Sustainability

The successful implementation of compensatory measures in REDD+ projects may avoid reinforcng social inequaites while
inaeasing productiity and averall food production and benefitng the onservatio of ecosystems and biodiversityinthe protected
forestland.

Methodologies & Tools

1. Implementation cozt approach: ype f cust benefit analysisthat quanifies and comparesthecarbon consention potental offorest
land, the asocited opportunity ostfolocal communties, and th cost o mplementing complementay development ntenertions o
compensate unmet demands sustainably. e page 76]

o
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Improved cate feeding practices lead o higher iy e productvity (milk yield) and to lower methane emission inensity
(entericfermentation) Shikuku et ., 2017)
Methodelogiesol appliedeferto s o hissheet: 2.3

Depending o indvidual household tatus, el cro yelds an be incresed (rom low/medium levels) o maintined (thigh
levels), while reducing GHG emision inensiies through adoption of improved agronomic and fetizer management practices,
induding zero ilage, precision nitogen us, fam manure an crop residue management (Sapkota el 2014,2017).

g Ina metaanalsis ooking exclusvely atthe ffects of zr0 tilage on GHG emisions in cereal production Huang et af. (2018)

ﬂ | foun ighy vral et indicting ta boch syergisand tade-fs ca ocur between yields and GHG emisions Acoss
the assessed cerea cops barey, maize, rice, wheat) there was no dear patten that shawed an advantage of zer tilage over

@ | conventnalilge Mostpositve effect of ot were bseredinicand barey on reducing GHG emisions nd increasing
yel,respectively. Importantfactors inflencing the efect werecimate - with  tendencyfor psite ffects i diy limates ~soil

P, fertization ate and placement.

Methodlogieol ppidrefert bt of hiszheet: 1

The culivation ofperennial grasses andspeciesichlegume grass mixtues s afeedstocfr biogas production o marginal il
in Sweden showed that biogas vehide fuelproduced from unfetiized filds had consitntl ower GHG emission itensityper
energy untthan thatfom felds withfrtized retments. owever, theaveralyield of biomass - and hence biogas - perhecare
wasalso lower Whilespecies ivrst inseed mixtures showedneither apostive nornegativ efec s argued tha it bings many
otherbenefit,such a enhanced polnation, <ol ety carbon sequestation,resilience to cimate varabily, yeldstabilty and
reduced economic ik Carson e a, 2017).

“The large-scale adoption of CSA practices - related to soilfertiity, nutrent and water management - in maize, wheat and rice
‘production systems i estimated to resultin a significant increase i global production, as well a5 a significant reduction in global
‘GHG emissions by 2050. The inceased production would also lead to a significant dediine in maize, wheat and ice prces, with
g ‘positive effects on food security. However, GHG emission reductions, although significant, would be limited to maximum 7 to 10
E AP | percentofthe baseine emission. Tis suggeststhatswitching to aktemativeproduction systems with higher mitigation potental
and mitigation options actoss the entire food system should be explored in order to enable greater reductons, in fine with
© | intemationsl agreements. Ao, the underlying scenario analysis did not consider ndirect effects on land-use changes and relzted
changes n emissions (de Pinto etal, 2020).
Methodsog ezt spled frt et botom of hi test 3

Sustainability Enabling environment

The adopton ofimproved pracics depends inparton the educationsl
satus of producers. This shows the important links between
agiicultural developmentand the achevementf igherteracy rtes.

Limiting the culivaton of bioenergy feedstocktospecieich sytems
‘on marginal sols, e on setaside areas dediated to ‘grening’
measures under the European Union's Comman Agriculural Policy,
educes compeition forlan with food and fed production and an
abocreat synergeswith biodversity andother ecosystem sevces.

Leve o educaton, economic status and access to information/agro-
advisory senvies are mportant facors enabling the adoption of
improved pracice.

The success f sustainable intensficaton and landsparng for GHG
emision reductions depends on the existence and enforcement of
conducive land-use polce, subsidy schemes and environmental
laws These ae deally complemented by demandside measures to
educethe demand forresourcentensiv product.

Methodologies & Tools

1. Cool Ferm Tool: Farmleel decision suppot ool or the ssessment of GHG emissionsof crop an vestock actvies.

seepage 0]

2. RUMINANT model: Dynamicestimation ofmethane emissions based on lvestock diet Statc estimation o estockgronth and ik yild.

3. Tradoroff Analysi for Mt

see page 801

alImpactAzzezzment (TOAMD) model: Parsimonious model (minimal input dat) tht predicts
adoptionate of aternative optons compared with baseline) based on geatest expected economic beneft
4. Intemational Model for Plicy Analysiz o Agriultural Commoodi

e page 76]
ind Trade (IMPACT): System of models to simulate agricuhural

commoditymarkets and theirimpacs on varous oci-economic and environmental spect nderdifferet aricultural and dimate

change scenaios

[see page 80]
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Annex 2

Summary of indicators
by CSA objectives
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1C

Social/environmental sustainability vs. Livelihood resilience

Soclal il eismmaial v """"": :M"':” sk "",“'"f" 24

For adaptation strategies that ere based on production itensification, a potential isk observed i tht with increesing economic
resilonce, the enironmentel burden il als0 grow (see exemple below; Gl et 2018).

Financiel isk mitigation strtegies,sich as index-based microinsurance, hold potential fr synergies between food securty and
economic resilience, as they can reduce negive coping stategies relted to both food consumeption and producive essets (see
‘example below; Jenzen and Carte, 2019).

Indicators & metrics
reactive nitrogen: untarea or per unitofproduct, e Income stabilty: expressed s fam income, ie. net revenues.
Kilogramsof nitogen (W)per ectre g Nha] from sale of agricutural poduce, of atrnatv fam systems under

 Kiograms o itogen per human digestibleprtein (HP)fkg /| Gferent cimate change scenario.
kg HOP]

Wateruse: unitarea o er unitof product e Probability of zeling producive azzets (flowing lvelihood
« Tonnes of water pe hctre[tha] impacs).
« Tonnes of water per human digestible-prtein tig HOP]
Energy se: erunitareaor pr unitof product e
« Tersjouleper hectre 1/ha]
« Teraouleper human-digestbl poten Lk HOP]
Food securty: expessed 2 probabilyof reducing mesls following
iveliood impacs).

 Net revenue pr hecare [USD/ha]

Examples

r

Afarm simulaton of medium andlrge beef catle fams i thestat of Mato Groso,Bazl showsgreater eonamic resence for
itegrated cropivestoc systems soybearsbeef ctle), compared ith pure livestock systems (exensive or rotational graing),
underbothoptimistcand pessimistic imatechange scenaicsup o th year 2050, coresponding to representativ concertraion
pathway (RCP) 2 and RCP 8.5, espectvely. However, whiletis ystem has comparabl envionmental osts per it of roduct,

@ ) | esboobt nvronmentalcosts e hcte o considrably ighe A simiar pateis oo for GHG emsins (Gl et
2018)
Methodologeol appedefer o it borom of s cheet
The exaluston of an indexbased lvestock inurance scheme amaong pasorlst households in northern Kenya showed that
insurance holdersae lessikly o reduce therfood consumption olowing droughtimpatson theirivelhoods,and are also s
kel to el productive assets moslyvestock Th microinsurancescheme thereby presented a synergy between ood securtyand
© | theresiiencetodroughtof pstoralists Ivelinoods anzen and Carte, 2019).

Enabling environment

Forthe devlopmentaf index bsed lvestockinsurance products n Kenya, Matsaeretal (201 1)haveidntified severalenabling factors including
legilation that enable microfinance insttutons becoming banks and allows phone cash-transfr senices;efectv reguation of the nsurance
secor through a dedicated instution; and integration with exising soca prtection and ura development programmes which an support
‘wide adoption o nsurance by provding pastorlss with nformation aboutlacces to inurance s wela cash o urchase insurance premius.

Methodologies & Tools

\_

1. Integrated Farm System Model (IFSM): Wholefam simlation model t assessproductiy, prftabity and environmental impacts of
different farm configurations. e page 9]
il
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Onfarm experiments acoss southern and Exst Afica (Kenya, Mozambique and Tnzania)showed tha the strategic aplication of

small amounts offertiizer increasd theproductivty, profiabilty and yield stabiity o maizepigeon pea inercopping, compared
8| with uried sysas. trcopping o hd  postve e on utintaseefiincy,compared with frlzed sl maze
crops.The effecon GHG emissons was ot asessed (Kivia e a, 2019).

e
e

[S)
Alongtem experiment comparing comentorland conenation srculure baze icewhest tson producton e nthe
Gangtic plain of orheatIcia found hgher productvty and higherprfabilty forthe hbased systes. Wil wheat ieds
M4 | <howsd highrield romth econdyerof G doptia,ice ikl ncescd above lvels o omentonl producton romthe
fouth year Tt the ofen-obcenved yied deprezion mmedistly akersdoponof sustanblefaming prctce, wich,
© | howeven i ofen st andinvertedinthe long e (Jat el 2020).

Enabling environment

I the caseof Zimbabw, it has been noted that a lack ftechnical information and farmers' financalcapacity limt the adoption of consenation
agricltue

Methodologies & Tools

1. Integrated Fam Syztem Model(IFSM): Wholearm simulation e 0 assess poductivy,profabiltyand environmentalimpacts of
diferentfarm configurtions. fseepage 79]
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Production system adaptation vs. Emissions

e | Adapting food production systems to
2.B | current and expected future climate change

Reducing emission intensities
of agricultural products

The relationship between production system adaptation and reducing GHG emissions can involve both synergies and trade-
offs. Examples of synergies were abserved in adaptaions o irigaton systems, where emission reductions were associted with
increased yield and income stability and/or a reduction in irrigation water Use (see examples below; Hochman et al,, 2017; Weller
etal, 2016). An example of a trade-off was observed in livestock intensification on smallholder farms, where emission reductions
‘were associated with increesed farm and agro-ecosystem resilience on the one hand, but increased production risk on the other,
due tothe lower esilience of improved high-yelding ivestock breeds to varizble and extreme dimatic conditions and diseases
(see example below; Poul el 2018).

Indicators & metrics

Yield stabilty: expressed as coeficient of vrition (CV), L standard | Global warming potential: expresed s emisions f cabon diovide:
doviation divided by the mean, of a time series of observed or | equivalent(CO,eq)e.g perunitarea,pr farm or per unitofeconomic
simulated crop yields.ftcan be expressed s atioorpercentage, wih | retun:
low values indicating high stabilty. * Kilograms of C0,eq per hectzre kg CO.eq/ha]

'+ CVofcop yields over a iven perod f ime [%] . gﬂgﬁwdmﬂprmmmﬂﬂﬁ)dgmmﬂg
Inigation water uze, eg.  igselttagrboify gl

 Iigtonwaerdepthsppidper e mmear] by
‘Annual nitrogen balance, . the annual balance of imports and
‘exports of nitrogen (N) atfarm level:

+ Klograns of oo g Nfam]

Examples

Ascenario anayss, sing a cop simulation model was conducted t tes the sustanabilty and cimate smartnss of adaptation
trategis forcofton and maize production in smallholder paddy ricecoton and paddy rce-maize systems insouth nci, under
historicclimate and moderateclimatechange scenaris (2021-2040; RCP ) Adaptatin optionsincluded new rterato determine.
thesowing dateand adoption o supplemental rigation fr maizelctton combined wit reducing paddy iearea to source water
forsupplementlrgation. Yearo-earcimate vaibilty was greatr than variaily between scenarios Adapttin options were
asessed and compared with curent racc, using the fllowing s of ndicators: yield,yield stabily, gross margin, stabily
of gross margin,global warming poential and GHG emission intensiy (a5 CSA indicators); and water us, water productivy,
‘groundatr recharge and ritrogen leaching (s sustainabilty ndicators). Whi supplemental rgation presented some trade-
ofs related o groundvater echarge and itrogen leaching, most combinations of adaptaion ptions mproved the CSA ndiators
and showed greste overll sustainabily, compared with curet pracice ~ determined thiough sustainbilty polygons.The
performance of adaptation ptions wasinfiuenced by agr-ecolgicl conditons n th thee ssessedlocations, s well s by farm
sizeThestudy enabld he identificaton of octon- an famspecfc adaptation opions that increase cimate esfence intems
ofield and gross margin stailty) and als reduce GHG emissons (Hochman etal 2017).
Methodlogieols appied(efert b o hissheet: 1.2

‘paddy ice; dry season maize or aerobic ice) n the Philippines found a sgnificant reduction in irigation water usage, as well a5
ﬂ g | lverovel gbalvamingoertal ntheciversfiodsysems v nosignfatfec on gyl Misuafesive sion

T systems a5 possible drought adaptation, a5 well 2s climate change mitigation strategies. However, the soil carbon stocks in the
‘paddy rce maize system diminished over the coutse of three years. n the medium to long term, this may present a rade-off with
‘carbon storage, but also with sol fertlit, possibly affecting yields and incomes (Weller et 2l 201

g Feld experiments compating th raditonsl double paddy rce cropping ystem ith diversified cropping systems (wet season:
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Income vs. Production system adaptation

Adapting food production systems to

Uorsaring food prodoens’ Moomon. | oo el s ines cheatv g | 2.8

Both synergies and trade-ofs can ba observed between the objectives of increased farmer incomes and production system
adaptation. Some strategiesaim o increese incomes throigh producton inensifction o adoption of  cash crop. Ahough this
may raise incomes under current normal conditions,these stategies mey tum out o rely, for example, on more productive catle
breeds, which are also more sensitv tocimete stress and hence lead to edced income and production stabilty i thelong term
(see examples below; Paul et 2018; Tuong et al, 2018).It s therefore important toassessthe prfitablityof new technalogies
‘and practces under curent, a5 wella expected future dimic conditions(see example below; Hochman etal, 2017).

abour, 9.

st

systems.

Indicators & metrics
(Grozs margin/net income: expressed as net revenue, i.e. income | Yield stability: expressed as coefficient of variation (CV), i.e. standard
from ssle of produce minus production cots, .9 deviation divided by the mean, of  time series of obsened o
S iiasaiiiatn 55 sttt
Je e o o owvalues indiatnghgh iy,

Returnson familyabour:expressed as netincome perunitoffamily

 Neteventeper prson iy [USDIperson diy] nomal year.
‘Benefitcozt ratio: i e.the rato of gross income and total production |  Annuel farm nitrogen balance: net balance of ntrogen imports and.

Marginal rate of return: expressed as th rato of difrences in | * Nogen (V) balanceper famig Nfom]
‘marginal net returns and marginal costs between two alternative

Netprezent value

 Vof opyelds overa given priodof ime %]
Income stability: expressed as percent deiation fom yields in a

expors(c. Paul et a, 2019),

Examples

Scenario analyss of smallholder farm ystems inthe mountainous region of northern Viet Nam has evaluated the adoption of tea
253 lmate-smart option in convenional mixed maize.ricevestock enterpries, Whileth inclusion oftez ncreased overll farm
income and profitabilty across  range of dimatic conditons, it showed reduced income sabity in locations with high rainfal
andlor tempeature varablty. 1 thus presents  tradeof between increasing household incomes - which may also ontibute
o the economic esilence of the fam system (CSA Objective 24) - and dimate change adptation o th production sytem in
ocatons with ptentaly incrasing cimate varabilty.The analysisaso found potental co-beneft of tea o enhance sil carbon
sequestation Tuong etal, 2018)

Ascenatio analysis,using a crop simulation model, was conducted totstthe sustainabilty and limatesmatness of adapation
srategie for coton and maize production in smaliholder paddyrce<oton and paddy rce-maize systems in southInia under
historic climate and maderat cimatescenaros (2021-2040; RCP é). Adaptaton optionsincuded new citeri to determine the
sowing dae and adoption of supplemental irigation fo maizelcotton combined with teducing paddy rice rea to source water
for supplementl irigatin.Yearto-tear cimate variabilty was geate than variabilty between scenario. Adaptaton options were
assesed and compared with curent pracice using the olloing set of indicators: ield,yeld stabity,gross margin, tabilty
of goss margin, global warming potental and GHG emision ntensty (as CSA indiators; and wate use, water produciviy,
roundater recharge and itogen eaching assustainabilty indicators). Whilesupplemental igation preserted some radeofs
related to groundwatr echarge and itroge leaching, most cominationsof adapttion aptions mproved the CSA indicators and
showed reter overall ustainablty compared with curent pracice - determined though sustainablty polygons.Th perfrmance
ofadaptation optons was influenced by agro-cological conditons i the thee locations ssessed, a5 well as by famsize The sudy






OPS/Images/P078-01.jpg
Groundwater recharge &

Gross margi stabllty

Performance of a smallscale paddy rice-cotton farm in south India across a set of sustainability indicators
under moderate climate scenario for the period 2021-2040. Indicator value 1.0 indicates most desirable, 0.0 least

desirable outcome.
‘Curret practice: rgated rie (0. ha) and rinfed cotton (1.2 )

Adaptaton opton A: Reduce st s area (0.4 h), increas cotton ares (16 h). Improved rues 1o deermine cotton soing
date Use water saved fom rce irigaton to strtegically igte cotton,with unimitedirigation application per season.

Adaptation opton B: educe irgated rce area (0.2 h),incrase cotton aea (18 ha). Impeved ruesto determite cotton sowing
date Use water saed to srtegical iiatecotton,with maxirmum the igaton appictins er sason.

Figure 2: Example of o sustainabilty polygon comparing e set of indicators acros different development scenarios (adapted from
Hochman et al. 2017)
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Productivity vs. Income

Increasing agricultural productivity Increasing food producers' incomes

1A

Generally incressed productiviy andincomes re nsynergy,asshownin examples of conservation agricutureand inintensification
of itercropping systems and livestock systems (see below).This synergy may only be achieved aver the longer term in some
production systems, .. severalyearsafter the adoption of a new system (see exomple below; Jet etal, 2020).

Indicators & metrics
Productivity: .. expressed as amourt of human-digstible roein | Farm income: expressed asnet revente, .9
(HOP) and food energy content produced perunitrez. « et revenue per hectare [USD/ha]
 Kiograms of HOP per hectre [kg HOP ] B
8 rgin/net revents, . goss recept for gai yield minus
Megacoris o food energy pe h Mcalha] bor ooy
Yield: - expresed 3 crop yield perunitares: « Gross margn per hectare USD/ha]

+ Tonnes pr hedare tha] Returns on abaur, expressed a th atoof gross margin to labour

st

Returns on investment, expressed a5 1o of gross margn 1o
variabe producioncsts.

Examples

2 farm simulationof medium and lge bee catlefarm i the tateof Mato Grosso,Ba, integrated cropivestock systems
(soybear-bee cte)show igher producivit, a5 well s incomes, compared it pure fvestock sstems(extensive o ottionsl
grazing) both under curent cimate conditons and dimate change scnarios upta 2050, For comparabilty acossfam actvies,
1. soybean and beef productiyareexpressed a5 human-digestibl prteins pr hectare Acomparison withsoybean monocropping

shows that HDP productiy n the pute cropping system s grater troughout al cimate scenarios, whereas income i igher in
the ntegratedsystem o under the mostextreme cimate scenri (RCP 8.5, equal o sogbean monocopping. T, on the one
© | hand, poins o theincome apporturitie of highvalue roduct, i this case eef e, Onth e, t prsents a poental ade-

of beteen food securityat nationalt gloal scle - i temsof food availabilty - and profabity for ndividualfood producers
(Giletal, 2018).

Methodologieols spplie (refertotat b of hissheet:

Zimbabwe overa periodof e years found tht the CAsystems were o average bth more poductive and more proiabl.The

a | procuctviyadaniagedeves mail fom incesed wternfisaon and sl mosure: Howevr, e efecof G o dovght

18| resiience was not systematicalyasessed; nor was the carbon sequestation or global warming potentil, akthough n years for

@ | whichdta wereavlbl, inicanlyhigher o carbon sock wete found under O, i thesacksundercnvertonal lsge
decined lighty overtme (hereder e, 2015)

g Onfarm experiments comparing maize production under conventonal and consenvtion agriculture on smallholder farms in
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Social/environmental sustainability vs. Carbon stocks

Increasing carbon stocks in soils
and biomass

Social and environmental sustainability

Depending on the type of intervention to increase and/or conserve carbon stocks in agro-ecosystems, the modalities of
implementation and the social and envitonmental aspects considered, there can be both synergies and trade-offs (see examples.
below) Agroforestrysystems, forexample holdstong potentelto increase biodversity. Aflorestation and rforestetion projects may
have both negative and positiveeffctson soil and waterresources atdifeent spatialscales - for example, onsite vs.downstream
efects. Foret conservaion projects may have negative effects on equality f customery rights of current land users are nat fully
taken into consideration.

Indicators & metrics
Change in surface runoff,eq. Ares afforectedireforezted: to enhance carbon sequestration, e.g.
+ Abslutechange i runof expresed a wterdepth (] « Hectte ofand aforestedeorested[fa]

 Reltive change i runof 5] Carbon stock: relative diference in arbon stods in above ground
Biodiversity: relative diflerence in biodiverity indicators between | biomass and ol between agro-ecologicl practices and conventional

agroecological pracices and conventonal pracics, . practies eg:
 Reltive diference intree richness %] « Relative iferenceinabove-ground e biomss crbon stock 5]
 Reltivediference inbid richness[%] « Reatvedifference i carbonstock 5]

Food zacurity: expressed a5 povision of basic Glorie needs per | Carbon dloxide emizzions avoided/GHG mitigation potentil

person perdayina given geographical re, e a communiey. amountofabon diosde(COJemisionavoided throughonsenaton
 Kiocalories availableper prson er da [l perso/day] offores and and prevention offorest degradaton or conversion to

agricluralland for campl under REDD + poject .
« Tonnes o C0, per hectae(t COha]

Examples

biodiversity(vee and bird rchness), and ls to increase carbon sequestiation in above-ground biomas, compared withfullun

‘manocultures Theeflect on cocoa yieds was neutal dlightly egative, b nsignificant) A ncrease inshade-tree cover (upto 80

percent)further enhanced biodiversiy, a wel a5 above-ground cabon stocks,albeiat the costof drsticlly reducing cocoa ek,

© () | The efeco hade-reecoveron sol ety and carbon sequestation i oils wasneutal actossth whale gradient (Bser et al,
218)

é "Moderste leves of shade-tree cover (30 percent) i cocoa agroforesty systems in Ghana were found to have 3 pasitive efect on

Aforestaton and reforestton project hav the poteni! o sequeser large quanties of crbon. A ydrological assesment of
potental aeasfor afrestaton o refoestation under the Kyoto Protools Clean Development Mechanism (COMAR) lobally
found a shap inceas in actual evaptranspiation and, i many cases,a signfcat reduction i soil moisture and vater runoff
from afforested aress (Tabucco et a, 2008; omer et a, 2008.Case studiesof project site in Bolvia and Ecuador chowed tht
outcomes o afforstaion and reorestatio ar trongy cotentdependent, with local condiios ictating whether the et s
© @ | 910 vadek nthe one hnd, reduced o ma temper o nsite and e sk downsteam loding On the
other, it may educe steam flow i rivrs, with impacts on downsream ecosystem health and water vailabilty - ncuding for
agrcutualuseand,spificallyfor purposesof cimatechange adaptation.

Methodologiefots apple (efertoitat b of s sheet:
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Increasing carbon stocks
in soils and biomass

3A

Carbon stocks vs. Renewables

Replacing fossil fuels
with renewable energies

3.C

A for s bioeneroy i concerned, ynergies between incresing provision of renewable energy - and replacing fosslfuels - and
increesing crbon stocks s possibleat lobel scele. However,thsessessmentis based an ssumptionsaf asusteinable development
pethwey, incuding theefecive conservtion end restoraton o crbon-ich ntural hebiats.

Indicators.

& metrics

Land-uze change Jnz: expressed as annual net carbon diovide.
(€0, emissons fom carbon sock changes n landse systems
globally

« Tones f CO, peryesr(t O, year]

8iomass producton: annual globl production f energy crops for
bioenergy and biochemical,exprssed a energy conert:

« Extoulepersr(Elyear]

Examples

¢ well s from natural habitats and agrcuturalreidues.

‘metup0 S0 percnt of globa energy demand by 2100,
become negatve.This means ha theabjectives o eplacing fossil enrgy with boenergy and inceaing carbon stocs in ois and
biomas can potentially be achieved i synergy.is mportan tontethtthese prjecions ar basedonsustanabledevelopment
pathwaysspeifcllyShared Socoeconomic Pathways 1 and 2, which sumea ' food-ist pinciple,sictimplementationof arbon
stockcosanaton adresoration i s hbit bhaviorchangeowards ot ustinablecorumgton, s echoolgil
‘advances thatead to higheryields and efficiency in food and biomass production (Daioglou et al. 2019)."

Globel lang-em projctions of biomass producton and use for bioenergy show that bioenergy can constitte an important
elementin cimate change miigaton efort aimed a reachingthe goals o the Paris Ageement -, limiting global warming to
20°Coreven 15 °C Iisestimated thatan ncease inbiomasssupply - mainlyfiom production o abandoned agriclurlland,

and, in partular,for producion of second generation biofuel - could
whil emisions fom anc-use change would decreas and, fer 2050,
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Synergies and trade-offs
in climate-smart agriculture

An approach to systematic assessment

Food and Agricultre Organization o the Urited Nations
Rome, 2021
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Inmoraculure and otaton!padyc systems i Chin, ihereilzstonevls with norgnic itogen resuedinlowerland
cosie. higher yields), s well s lower watercost .. watr used pertonneof ice) Balord etal, 2018).

tensifed dir producionsystems i the United Kingdom - sing  ighershare ofconcntrtefeed and less rzingthan ther
conventionalandorganicsystems ~presented ower land cos . higher yield) as wela lowerlosses ofnitate,phosphorousand
sl per tonne o enerqycoected milk Balmford et l. 2018).

Inafarm simulaion of medium and arge bef cate farms inthe state of Mato Gross, Bz, integrated cropdvestoc systems
(soybear-be cate) show higher productivty andincomes compared withpure ivestocsystems (extensive of rtationl greing)
However,thi scenarioaso resents the ighest environmental cost per hectare(enerqyuse, water use and itrogenlosses),which
i mainly atibuted tothe higher cattle stoking rate. Oy i calulated per unt of production (uman-digetible protein) and
underetreme limatechange (RCP .5)-whichdisropartionately impacts productivy inth twoessintensive systems ~do the
integated systems present the lower environmenta cost (Gilta, 2018).

Methodlogiestol appiedeferto bt of thissheet

Moderate levels of shade-ee cover(30percent) n cocoa agrolresty ystems in Ghana werefound tohaveaneuta effectonyields
and apostve effect on biodversit e andbid richnes), compated withcooa poducion nfullsun manocuture. Anyfurter
increase inshade-ee cover (upt 80 percent)trongly enhanced biodiversiy, albeitat the st ofdrastical educed cocoa yield
(and water avalbity) (laser et al, 2018).

A thee ear on-arm esperiment compared th effects of conventionl,organc and slash-and-mulch agrforety pracices in
malholder mize-bean producion ystems i a mountainousare of El Salvador While the effecton indvidual ecosystem sevices
14 s quite varizble, the sum of el mesured composite indictors - ruson control, waterregulation,biodiversiy, o compositon
and carbon storag - showed dea advantagesofsash-and-mulc agrforesty practices over convntional and orgnic pracices.
However,this environmental adartage came with moderate tosubstatil iedreductons (depending on the typeof agroforesty
system) While ield stabilzaton and ncrease are expected in the long te, inth short term there is & radeof (Kearey et .,
219)

Sustainability Enabling environment

Although agrooress have substantlly lower biodversiy than
natural forests - pointingtoan adrtageof poductionntsifcation
combined with land-sparing tategies for iodversiy consenation -
in context of human dominated landscapes with fimited potrtial
for land sparing, they could st play a crudal ole in conserving
biodiersy (Baser et a, 2018)

The reducion of environmental costs through sustainable
intensifcation andland sparing only worksf set asid aeasfornature:
consenation ae proteced by targete police, laws and reguations,
such as stict landase zoning, conditonal access to markets and
esticted rural subsdies. Otherwise, the profabily of higher-
yiekding systems i likeyto relt n nceased conversion of natural
0 agricuhural land. Such messures should 2k be complemented
by demand-side intenvntions i order to counter trends towards
overconsumpion ofcalorie-ch ut nutient deficient foods Balmford
etal, 2016).

Methodologies & Tools

1. Integrated Farm Sy:tem Model (IFSM): Whole fam simulation model to asess productiviy, prfiabilty and enironmental impacs of

difrentfarm confguratons.

[seepage 79]
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Table 3: Matrix defining the categories of relationships between objectives within and across (SA pillars

o each of the 36 possbl relationships, the number of casesidentiied inth reviewed lterature i ndicated, s well s the page
number wherethe respetivecharacterizaton shet an b found.Eschcase can epresenta ey, rade-of, o bath, o evenaneuta
velatonsip. The percentages an coourshading n each mati el ndicteth atio between denied synergegree), tadewfs
(yellow)and neutral rlationships(grey) o eachctegory
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