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3.6 MULTIPLIER ANALYSIS

FOCUS
Economic effects v Social effects v Environmental effects Climate effects
INTERVENTION AREA
Field/Farm level Landscape level Market level 4 Societal level 4
COMPLEXITY
Basic Intermediate v High

BRIEF DESCRIPTION OF THE METHODOLOGY

Often, an economic impact analysis is conducted at sector
level, i.e. the primary agricultural market. But changes
(also often referred to as external shocks) in the agricul-
tural market usually impact other parts of the economy
because sectors upstream (i.e. input industry) and down-
stream (i.e. processing, trading and retailing) are closely
interlinked with the primary sector. Upstream linkages
are also often referred to as backward linkages, while
downstream linkages are referred to as forward linkages.
Additionally, these linkages can be further differentiated
into demand and supply side linkages. Hence, impacts on
a sector always have direct and indirect effects along the
whole supply chain. These effects can stretch from stage
to stage across the whole economy, i.e. from agriculture
to food processing to transporting to supermarkets and
eventually to the final consumer. Now, multipliers capture
the transmission of a sectoral change across the econ-
omy. These impacts can be quantified, for example via
effects on the gross domestic product (GDP), household
income or the labour market. Adding up all those effects
across all backward and forward linkages leads to the

Direct effects

Exogenous shock

Indirect effects

Source:
Breisinger, C., Thomas, M., Thurlow, J. (2010): Social Accounting
Matrices and Multiplier Analysis. An Introduction with Exercises. Food
Security in Practice Technical Guide 5. Washington D.C.: International
Food Policy Research Institute (IFPRI), p. 13

multiplier effect of the sectoral change. The so-called
Multiplier Analyses can be used for the assessment of
such effects.

This method is only applicable if multipliers are available.
Determining the multiplier values itself is highly complex
and data demanding. Basically, it can be distinguished
between two different multiplier approaches, which differ
in complexity and data demand as well as explanatory
power. Input-output multipliers only consider effects of
production linkages. Consumption linkages, i.e. changes
in income, on the other hand are not included. Multipliers
based on a Social Accountability Matrix (SAM) include
both production and consumption linkages. Using in-
put-output multipliers is less data demanding and a more
pragmatic approach while using multipliers based on the
construction of a Social Accountability Matrix is much
more complex and data driven. Hence, using multiplier
analysis and choosing the right method strongly depends
on the availability of multipliers.

Consumption

linkages

Backward

linkage

Production
linkages

Forward

linkages
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INPUT DATA AND ASSUMPTIONS

» Objectives

TARGET INDICATORS

» Economy-wide or sectoral GDP
» Changes in income
» Changes in employment

EXAMPLE RESULTS

From Noleppa and Cartsburg (2021), p. 152: “[...] Using once more sophisticated multiplier analysis also allows to calcu-
late the overall labour effect and leads to the conclusion that more than 870 000 jobs in storing, processing, packaging,
internationally trading and retailing along the value chains would additionally suffer from income losses or unemployment
in the EU in total by 2040 if plant breeding progress in the next two decades stopped.”

LIMITATIONS

Determining multiplier values is complex and time consuming. Therefore, resorting to existing multipliers will often be the
option of choice. However, data is not always easily accessible and can reduce the applicability of this method. Additional-
ly, multiplier analyses are useful for determining effects of quantity-based shocks and are less applicable for price shocks
or determining price effects.

FURTHER LITERATURE ON THE METHODOLOGY

 Breisingner and Thomas (2010): Food security in practice: social accounting matrices and multiplier analysis: an intro-
duction with exercises. Washington, DC: IFPRI.

» Bwanakare (2017 : Non-extensive entropy econometrics for low frequency series. Chapter 5: A SAM and multiplier
analysis: economic linkages and multiplier effects. Berlin: De Gruyter.

REFERENCE PROJECTS AND STUDIES

» Fuentes-Saguar et al. (2017): The role of bioeconomy sectors and natural resources in EU economies: a social ac-
counting matrix-based analysis approach. In: Sustainability (9): 2383.

» Cingiz et al. (2021): A cross-country measurement of the EU bioeconomy: an input-output approach. In: Sustainability
(13): 3003.

» Noleppa and Cartsburg (2021): The socio-economic and environmental values of plant breeding in the EU and for
selected EU member states. Berlin: HFFA Research GmbH.
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3.7 SINGLE MARKET MODELS

FOCUS

Environmental effects Climate effects

INTERVENTION AREA

Economic effects v Social effects

Field/Farm level Landscape level Market level v Societal level 4

COMPLEXITY

Basic Intermediate High 4

BRIEF DESCRIPTION OF THE METHODOLOGY

Market models are used to represent economic processes
that are based on microeconomic theory. These models
are often used to investigate the economic effects of
policy instruments, such as trade or tax policies and are
widely used in agricultural economics.

Market models allow for an ex-ante evaluation of the
impacts of exogenous influencing factors, such as policy
adjustments or trade changes and support decision-mak-
ing processes. One can distinguish between two different
types of market or equilibrium models, which differ in their
coverage of markets, called general or partial equilibrium

PEM are very useful for policy decisions that focus on a
certain part or sector of the economy. A simple version of
a PEM is a comparative static model which displays only
the initial situation and the final equilibrium achieved in the
sector or economy after the implementation of a so-called
shock. Shocks are exogenous influencing factors impact-
ing supply and/or demand of a product, such as yield
reductions by pests and diseases or decreasing input
costs due to the application of agroecological practices.
PEM can, depending on their complexity, range from
single-market-single-country models to multi-market-mul-
ti-country models. The most pragmatic approach is the

models. General equilibrium models (GEM) include the
whole economy, while partial equilibrium models (PEM)
focus on only one part of the economy, i.e. agriculture,
while ignoring inter-actions with other sectors and mar-
kets. While GEM are demanding in terms of know-how,
resources and data availability, PEM work with less data
and are easier to conceptualize, program, calibrate, and
finally implement.

single-market PEM, which only focusses on one product,
i.e. wheat, and the impact of a certain exogenous shock
on the wheat market in only one or more countries. PEM
can be built using standard spreadsheet technologies,
such as MS Excel and do not need special programming
software.

INPUT DATA AND ASSUMPTIONS

» Supply and demand quantities
» Prices
« Elasticity values

TARGET INDICATORS

» Supply and demand

* Trade

» Market prices

 State budget

» Welfare (producer and consumer surplus)
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EXAMPLE RESULTS

From OECD/FAO (2022), p. 155: “[...] The global area harvested to cereals is expected to grow by 19 Mha (3%) by
2031. It will expand mainly in Asian countries by about 9 Mha, notably in India and Kazakhstan. Globally, wheat and
maize areas are projected to increase by 3% and 5%, while other coarse grains and rice areas are expected to increase
by 2% and 1%. Decreasing harvested areas of rice in China, Viet Nam and Brazil will be offset by gains in India and
African countries. With land expansion limited by restricted land availability as compared to the previous decade, the
result of constraints placed on converting forest or pasture into arable land, as well as ongoing urbanization, increased
global production is expected to be largely driven by intensification. Growth in yields, due to improving technology and
cultivation practices in middle-income countries in particular, is expected to sustain future cereals production. Globally,
yields are expected to grow between around 6% for wheat, 7% for other coarse grains, 8% for maize, and 12% for rice.”

LIMITATIONS

As the name already highlights, single market models focus only on one market and make it possible to assess how
certain impacts or shocks may impact this specific market. However, this is quite a simplification as such a modelling
approach ignores interactions with other markets such as substitution effects with other products. Additionally, single
market models are by its nature partial equilibrium models. This means, this kind of model only looks at one product in
one sector (i.e. the wheat market) but ignores all other parts of the economy. Possible interactions between the market
for wheat and other sectors of the economy are therefore also excluded of the analysis. Hence, single market models are
cost-effective and useful tools to model certain changes on a market, especially when these changes are quite specific
to this market. However, the results of such a modelling exercise can not include the complexities of market and sectoral
interactions as they would appear in real life.

FURTHER LITERATURE ON METHODOLOGY

» Jechlitschka et al. (2007): Microeconomics using Excel. Milton Park: Routledge.

* OECD/FAO (2015): The Aglink-Cosimo model: A partial equilibrium model of world agricultural markets. Paris: OECD
Publishing.

* Luttringhaus and Cartsburg (2018): Modelling agricultural markets with the HFFA-Model. HFFA Research Paper
02/2018. Berlin: HFFA Research GmbH.

REFERENCE PROJECTS AND STUDIES

» OECD/FAQO (2022 : OECD-FAO Agricultural Outlook 2022-2031. Paris: OECD Publishing.

» Jansson and Wilhelmsson (2022): Impacts on agricultural markets of a large production loss in Ukraine. Lund:
AgriFood Economics Centre.

» Nelson et al. (2014): Climate change effects on agriculture: economic responses to biophysical shocks. In:
Proceedings of the National Academy of Sciences of the United States of America (111): 3274-3279.

37SINGLE MARKET MODELS | METHODOLOGIES | 41



3.8 TRUE COST ACCOUNTING (TCA)

FOCUS

Economic effects v Social effects v Environmental effects v Climate effects

INTERVENTION AREA

Field/Farm level v Landscape level v Market level v Societal level 4
COMPLEXITY
Basic Intermediate High 4

BRIEF DESCRIPTION OF THE METHODOLOGY

True Cost Accounting (TCA) aims at evaluating the
externalities of a defined eco-agri-food system that goes
beyond the traditional measurement of economic key
performance indicators. TCA uses systemic approaches
to evaluate all visible and invisible, direct, and indirect
impacts of the eco-agri-food system. The TCA method-
ology conceptualises external impacts according to four
capitals. These capitals are Natural, Social, Human and
Produced Capital. The focus of the TCA methodology lies
in the first three capitals since they contain the exter-
nalities of an agri-food product. Produced capital (main
production cost) is widely covered in current accounting
standards and to a large extent already reflected in the
price of a food product, quantified in monetary units.
TCA is an approach rather than a standardized method-
ology. Therefore, no single blueprint for a TCA application
can be derived. Depending on the individual situation, the
scope and the system boundaries of the study, as well as
the processes that are included and those which are ex-
cluded, differ. TCA compiles the results from different as-
sessments on different sub-topics using different methods.

TCA is similar to the calculation structure in Life Cycle As-
sessments (LCA). There is a foreground system (the farm
under study), and there are the background processes

in the supply chain (supply of diesel, electricity, fertiliz-
ers, pesticides, cattle food, etc.). While the background
system, i.e. all materials that are supplied to a farm are
calculated with LCA, the foreground issues related to the
three capitals need to be addressed in individual TCA
assessments (see other environmental methodologies
3.9-3.15). One major difference between the LCA and the
TCA approach is, that the reference point in a LCA is “un-
touched nature”, while for TCA it is a “conventional farm”.
So, in contrast to LCA, farmers can make positive contri-
butions to the steady state, for example by keeping biodi-
versity and soil organic carbon at high level. In a LCA, any
activity of mankind is degrading nature. Where possible,
the impact indicators, like soil erosion or greenhouse gas
emissions, are monetised with the help of a monetization
factor. These factors can be found for example in the Eco-
cost Value database or in the TCA Handbook.

Background systems
“Processes for production
of materials and other supplies”

Foreground systems A mix of
Core processes under direct Foreground
control or decisive influence and

Generic data Specific/primary data

CORE processes
( Causing externalities )

A\ /!

Upstream proc

All processes

Suppliers within the farm

—

Suppliers
Process

L

Transport

[ Products and by-products ]

Suppliers
Process

Suppliers

Process
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Downstram processes

Processing

Retailers

Energy
suppliers / \
Source: Sustainability Impact Metrics 2022 [ Overexploitation nature
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Consumers
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INPUT DATA AND ASSUMPTIONS

The elements included into a TCA differ according to the intervention to be evaluated and could include marketed as well
as non-marketed (intangible) elements:
» Economic inputs and outputs (e.g. yields, income, production costs, intermediate inputs)
» Ecosystem services
* provisioning services (e.g. habitat or energy provision)
« cultural services (e.g. cultural heritage)
* regulating services (e.g. soil fertility enhancement, soil formation, nutrient cycling)
* Residual flows (e.g. water pollution)

TARGET INDICATORS

 Natural capital indicators (e.g. greenhouse gas emissions, soil erosion, water pollution)

* Human capital indicators (e.g. labour conditions, human health, living wage)

» Social capital indicators (e.g. human rights, gender pay gap, share of women, child labour)

The expression of these indicators can be done in monetary, quantitative, or qualitative terms; or scores or as a
mixture of it.

EXAMPLE RESULTS

From True Cost Initiative (2022): The average true cost of a material or product can be estimated by assessing the true
cost of all tiers of all the supply chains. For the case of an apple pie, the true costs were aggregated in two steps: first, the
sum of true cost per tier was formed (e.g. tier 3: apple growers, tier 2: transportation, tier 1: puree makers) and second,
the true costs of all tiers are added up. In some instances, it might not be feasible for a company to assess all its suppliers.
In this case representative samples should be taken. For more details on this example, see TCA Handbook. p. 46.

LIMITATIONS

TCA is a very sophisticated methodology as it has the claim to include all externalities of an intervention. Since it is still a
rather new approach, there are not many references and example studies available, and limitations are therefore not yet
fully assessed. In the past, TCA has been particularly used to determine the true costs of food products.

FURTHER LITERATURE ON THE METHODOLOGY

» True Cost Initiative (2022): TCA Handbook — Practical True Cost Accounting guidelines for the food and farming sector
on impact measurement, valuation and reporting.

» Soil & More Impacts and TMG Thinktank for Sustainability (2020): True Cost Accounting: Inventory Report. Global
Alliance for the Future of Food.

» TEEB (2018): TEEB for Agriculture & Food: Scientific and Economic Foundations. Geneva: UN Environment.

» Sandhu et al. (2021): True Cost Accounting of Food Using Farm Level Metrics: A New Framework. In: Sustainability.

 Sustainability Impact Metrics (2022): True Cost Accounting. The Delft University of Technology.

REFERENCE PROJECTS AND STUDIES

* Raynaud et al. (2016): Improving Business Decision Making: Valuing the Hidden Costs of Production in the Palm Qil
Sector. A study for The Economics of Ecosystems and Biodiversity for Agriculture and Food (TEEB AgriFood) Program.

« CONABIO (2017): Ecosystems and agro-biodiversity across small and large-scale maize production systems, feeder
study to the “TEEB for Agriculture and Food”. Ecuador, Mexico and United States.

» Bergman et al (2016): The True Price of Tea from Kenya Joint report by IDH and True Price.

» Global Alliance for the Future of Food (2021): True value: Revealing the positive impacts of food systems transformation.
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3.9 ECONOMIC VALUATION OF BIODIVERSITY

FOCUS
Economic effects v Social effects Environmental effects 4 Climate effects
INTERVENTION AREA
Field/Farm level v Landscape level v Market level 4 Societal level 4
COMPLEXITY
Basic Intermediate High 4

BRIEF DESCRIPTION OF THE METHODOLOGY

Economic valuation of biodiversity is subject to a lively
debate in the academic arena and its importance in valu-
ing ecosystem services has been widely acknowledged.
Multiple different valuation approaches are available.
Assessing the economic value of biodiversity is useful to
understand how changes in biodiversity affect humans
and their (economic) well-being. Economic valuation of
biodiversity can be divided into direct economic value of
biodiversity and indirect economic value of biodiversity.
The direct economic value approach asks how biodi-
versity affects or impacts people’s utility directly, i.e. a
person is happier when the number of birds in the local
forest increases. Hence, assessing the direct economic
value is often based on individual preferences such as the
willingness to pay for certain things. These evaluations
are based on revealed preference methods and stated
preference methods. For more information on these meth-
ods, please see also chapter 3.5 on the Total Economic
Valuation approach. Here, methodologies overlap with
these of biodiversity valuation as biodiversity and eco-
system functioning are closely intertwined.

Indirect economic value of biodiversity on the other hand
can be analysed by understanding biodiversity as an input
into a process that generates a valuable economic output.
Thus, changes in biodiversity (i.e. reduction of wild polli-
nators) impact the economic output (i.e. agricultural pro-
duction) of a certain process (i.e. plant production based
on pollination). In this approach it is rather the ecosystem
service that is used as an input in the value generating
process. Hence, it is highly important to understand

the link between biodiversity, the functioning of a certain
ecosystem and the ecosystem services it eventually pro-
vides. These interconnections are complex and ecosys-
tem specific. The complexity increases even further when
considering, that biodiversity and its resulting ecosystem
service (i.e. pollination) can have multiple economic
values resulting in trade-offs (i.e. agricultural output and
carbon storage).

To sum up, three approaches for valuation of biodiversity
can be distinguished: (1) revealed preferences methods,
and (2) stated preferences methods are used to assess
people’s willingness to pay, (3) production function meth-
ods are applied to view biodiversity or rather the ecosys-
tem services it provides as an input for the production of a
good or service.

Once these methods have been applied, ecosystem
services can also be quantified in the form of environmen-
tal assets that comprise of water, soil, species, natural
resources etc. Calculating environmental assets is im-
portant as many of the components are public goods and
therefore are often not part of a market valuation process.
As a consequence, environmental assets are often not
fully considered in policy or private decision-making. Once
environmental assets are quantified it becomes easier

to compare its present and discounted future value to
other options such as converting a certain ecosystem into
farmland. Such a comparison can then, for example, be
executed via a cost-benefit-analysis as described in the
corresponding chapter 3.4.

INPUT DATA AND ASSUMPTIONS

« Clarity on the objective of the research, i.e. what ecosystem service shall be valued and awareness that different
ecosystem service from the same ecosystem may come with trade-offs

« It provides detailed knowledge of the interlinkage between biodiversity, ecosystem functioning and ecosystem services

* Detailed data on the composition of the ecosystem

» Data about the status quo and the improvement or the deterioration of an ecosystem service
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TARGET INDICATORS

* Willingness to pay
» Value of ecosystem services

EXAMPLE RESULTS

Hernandez et al (2022), adapted from p. 4: “The cost of ecosystem service degradation due to a business-as-usual
agave-mezcal production in Mexico over the 2003-2019 period was estimated at US$ 19 million on average across the
three analysed districts. This corresponds to the revenue that the districts in the study area lost over this period due to
land degradation. The analysis showed that the cumulative losses from 2019 projected to 2030 could reach up to US$ 163
million, with an annual average of US$ 14 million. This is the cost of inaction if production practices continue to follow the
current trend. With the transformation of production and making use of good agricultural practices, ecological restoration,
and conservation, agave-mezcal production generates net profits, with projected cumulative profits over the same period
(2019-2030) of US$ 85 million and net income of US$ 7 million per year. This sustainability scenario offers a vision of the
economic potential of agave, whose growth relies on the ability to regenerate natural capital — represented by the land’s
ecosystem services — and the capacity to significantly improve the socioeconomic situation of the traditional, artisan pro-
ducers of agave-mezcal.”

LIMITATIONS

The methods used in direct valuation are based on people’s preferences, hence different kinds of biases can emerge. For
example, the willingness to pay for the preservation of elephants might be higher than that for spiders, as elephants are
likely to be more popular. Additionally, some questions regarding biodiversity require prior (expert) knowledge which might
not be readily available for individuals being questioned. Hence their preferences and willingness to pay might reflect that.
And lastly, direct valuation requires comprehensive experience in stated and revealed preferences methods to create
meaningful results. Indirect valuation methods, on the other hand, are very data demanding and profound knowledge of
the interconnections between biodiversity, ecosystem functioning and ecosystem services is necessary to correctly value
biodiversity as an input in production processes.

Additionally, it is important to keep in mind the valuation of biodiversity is still a relatively young research area. A lot of
research is being conducted, however, results might still be subject to uncertainties and should be used and interpreted
with care.

FURTHER LITERATURE ON METHODOLOGY

» Tinch et al. (2019): Economic valuation of ecosystem goods and services: a review for decision makers. In: Journal of
Environmental Economics and Policy, Vol. 8, p. 359-378.

* Hanley et al. (2019): The economic value of biodiversity. In: Annual Review of Resource Economics, Vol. 11, p. 355-
375.

» World Bank (2019): Natural asset and biodiversity valuation in cities. Technical Paper.

» Badura et al. (2017): Valuation for natural capital and ecosystem accounting. Synthesis report for the European Com-
mission. Centre for Social and Economic Research on the Global Environment, University of East Anglia.

» Hanley and Roberts (2019): The economic benefits of invasive species management, In: People and Nature, 1:124-137.

REFERENCE PROJECTS AND STUDIES

» Berghofer et al. (2021) : Africa’s protected natural assets: The importance of conservation areas for prosperous and
resilient societies in Africa. Deutsche Gesellschaft fur Internationale Zusammenarbeit (GlZ) and Helmholtz Centre for
Environmental Research (UFZ). Bonn/Eschborn and Leipzig, Germany.
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3.10 MULTI-CRITERIA-ANALYSIS (MCA)

FOCUS
Economic effects v Social effects v Environmental effects v Climate effects v
INTERVENTION AREA
Field/Farm level v Landscape level v Market level v Societal level 4
COMPLEXITY
Basic v Intermediate High

BRIEF DESCRIPTION OF THE METHODOLOGY

Multi-Criteria-Analysis (MCA) integrates various assess-
ment criteria (financial and non-financial, monetised or
expressed in other quantitative and qualitative terms) in
one common framework to arrive at scoring and relative
ranking of the agroecological practices. MCA can be used
to establish preferences between alternative practic-

es. Unlike in a CBA or CEA, criteria do not need to be
quantified or even monetised. MCA provides a systematic
methodology for comparing the criteria, some of which
may be expressed in monetary terms and some of which
are expressed in other units. The set of criteria include

all important categories of negative and positive effects
resulting from the assessed measures. In a MCA it is
possible to include criteria that are difficult to quantify and
can perhaps only be assessed in qualitative terms such
as many social indicators.

The MCA is displayed as a matrix with the alternative
measures listed in the columns and the criteria listed

in the rows. For the assessment, each criterion will be
assigned with scores for each alternative. To enable the
direct comparison of different criteria, a standardised
interval scale of scores must be chosen. Data on impacts
can be collected from surveys, existing data, experts, or
stakeholders. MCA also applies weighting of criteria to
quantify the relative importance of each criterion in the
decision process. Weights can be derived from existing

information or from stakeholders by asking them to state
their preferences for the various criteria. By combining
the standardised scores and weights of the criteria, the
alternative options can be ranked through a weighted
summation of criteria scores for each alternative.

A key strength of MCA is that it is not necessary to
quantify all impacts in monetary terms. This means that
complex and time-consuming valuation of all impacts can
be avoided, and that qualitative criteria can be included in
the decision framework. Even if ranking result of a MCA
do not provide information on the economic feasibility

of interventions, a MCA can give economically valuable
insights as the results of CBA, CEA or other economic
indicators (e.g. generated with the Tofal economic valua-
tion approach)) can be integrated. Like for the economic
aspects, also results from other conducted analyses, can
be integrated into the MCA.

Criterion 1 Criterion 2

Criterion weighting Weighting Weighting
Agroeclogical practice 1 Score Score
Agroeclogical practice 2 | Score Score

Source: Own illustration.

INPUT DATA AND ASSUMPTIONS

» Objectives

« Criteria or indicators to judge the measures against the (non-measurable) objectives
* Interval scale and scores that measure the impact of an option against the criteria

» Weights attributed to the criteria
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TARGET INDICATORS

The indicators of an MCA are also called criteria and are entered in the top row of a MCA matrix. The here displayed cri-
teria are only examples. They finally depend on the effects that are measured. However, the unit in which the indicators
are measured is always expressed in scores between a prior defined scale, e.g. 1-10. The average scores across all cri-
teria per agroecological practice are then used to identify the best possible option and to compare practices. If indicators
differ in importance, they can be weighted prior to the assessment.

» Economic indicators: e.g. yield, economic return on investment, long-term profitability

» Social indicators: e.g. nutritional quality of food, human health, labour creation, intensity and difficulty of the work
» Environmental indicators: e.g. pollution, erosion, soil fertility, preservation of water, preservation of energy

» Climate indicators: e.g. mitigation effect, adaptation impact

EXAMPLE RESULTS

From PIK (2021): Climate Risk Analysis for Identifying and Weighting Adaptation Strategies in Burkina Faso’s Agricultural
Sector (AGRICA), Chapter 8+9:

The potential of integrated soil fertility management (ISFM) and irrigation in Burkina Faso has been assessed with
respect to different indicators on a scale from “high positive potential” to “high negative potential” (see table below). The
MCAs are based on prior conducted qualitative assessments based on literature and surveys. The comparison of MCAs
shows great upscaling potential for both ISFM and irrigation. The ISFM strategy holds various socio-economic co-ben-
efits including increased agricultural-production, food security and restoration of degraded land and biodiversity, while
irrigation has a high potential for maladaptive outcomes as irrigation is expensive and energy intense, which might cause
conflicts and lead to higher CO, emissions from agriculture.

MCA for ISFM in Burkina Faso

Risk Risk-gradient | Cost- Upscaling | Potential Potential Barriers to | Institutional
mitigation effectiveness Co-benefits | maladaptive | implemen- | support
outcomes tation requirements
High Risk- High High High Low Medium Medium to low
independent

MCA for irrigation in Burkina Faso

Risk Risk-gradient | Cost- Upscaling | Potential Potential Barriers to | Institutional

mitigation effectiveness Co-benefits | maladaptive | implemen- | support
outcomes tation requirements

Medium to | Risk- Medium High High High Medium to | High

high independent high

Source: Réhrig, et al. 2021, p. 98 + 110
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3.10 MULTI-CRITERIA-ANALYSIS (MCA) — CONTINUED

LIMITATIONS

The greatest shortcomings of the MCA become apparent when an option scores better on one criterion but worse on an-
other in the matrix. This is a matter of trade-offs that are central to decisions involving multidimensional aspects. Weighting
or ranking is used to overcome these difficulties. But it comes with its own methodological difficulties and runs the risk of
being subjective. The comparison of MCAs conducted by different researchers is rather difficult as scores and scales can
be interpreted differently. MCA is also weak in intertemporal comparisons. It does not have an analytical technique like
discounting to compare impacts (benefits and costs) that occur in different years.

FURTHER LITERATURE ON METHODOLOGY

o GEF LME:LEARN (2018): Environmental Economics for Marine Ecosystem Management Toolkit. Paris, France.
» United Nations Framework Convention on Climate Change (2011): Assessing the costs and benefits of adaptation
options. An overview of approaches.

REFERENCE PROJECTS AND STUDIES

» Sourya Das et al. (2020): Economic valuation of reducing land degradation through watershed development in east
Madhya Pradesh under risks of Climate extremes, WOTR, Pune. Economic of Land Degradation (ELD). (ProSoil).

» Rohrig. F. et al. (2021): Climate Risk Analysis for Identifying and Weighing Adaptation Strategies for the Agricultural
Sector in Burkina Faso. A report prepared by the Potsdam Institute for Climate Impact Research (PIK) in cooperation
with the Deutsche Gesellschaft fir Internationale Zusammenarbeit (G1Z) GmbH on behalf of the German Federal
for Economic Cooperation and Development (BMZ).
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3.11 ADAPTATION EFFECTIVENESS ANALYSIS

Economic effects v Social effects v Environmental effects v Climate effects v
INTERVENTION AREA
Field/Farm level 4 Landscape level v Market level Societal level 4
COMPLEXITY
Basic 4 Intermediate High

BRIEF DESCRIPTION OF THE METHODOLOGY

There is no standard methodology or framework for meas-
uring the climate adaptation effectiveness of agroeco-
logical practices. Adaptation in agriculture is a complex
process with interrelationships between natural resources
and ecosystems, agricultural production systems, socio-
economics as well as institutional and policy systems that
drive adaptation processes and outcomes. The risks that
arise from climate change are highly context-specific and
so are the local conditions with respect to agroecological
zones and socio-cultural habits.

Depending on the individual situation of the study site
and purpose of the study, the indicators for assessing the
adaptation effectiveness of agroecological practices can
be different. In the “further literature” section you will find
some ideas and approaches how to set up an evaluation
framework and information on what needs to be consid-
ered when conducting adaptation effectiveness assess-
ments. There are, however, two major aspects that are
very likely relevant in any context in which agroecology is
implemented to adapt to climate change risks: the effec-
tiveness in responding to these risks and the feasibility
of actually implementing agroecological practices. The
feasibility is a very important aspect since, without it, any
measure, no matter how effective, is useless.

Based on these assumptions, a participatory adaptation
M&E approach has been developed by ProSoil. It puts

an emphasis on discovering the climate risk context and
evaluating the adaptation effects of agroecological and
adaptation practices by drawing from the knowledge and
experience of a wide range of stakeholders. However, this
rather qualitative assessment can easily be combined with
additional data, e.g. on adoption rates of agroecological
practices to harness quantitative conclusions, such as

the number of households applying adaptation effective
practices etc.

The approach consists of two parts: analysis of climate
adaptation effectiveness (Effectiveness Analysis) and
analysis of socio-economic feasibility (Feasibility Anal-
ysis), both designed as M CAs. While the Effectiveness
Analysis assesses the adaptation effectiveness of tech-
nologies in response to specific climate risks (which will
be also analysed as part of this analysis), the Feasibility
Analysis evaluates the local feasibility of technologies
based on social and economic indicators such as social
acceptance or cost effectiveness. While the Effectiveness
Analysis is conducted by local experts and scientists in
the field of adaptation in agriculture and environment etc.,
the Feasibility Analysis is conducted by actors implement-
ing field activities including farmers themselves and repre-
sentatives from extension services. In the analyses every
technology is assigned with a score based on its rele-
vance for climate change adaptation and how feasible its
implementation is on local level. It is advisable to do the
assessment and the scoring in a participatory workshop
format to facilitate exchange and discussion amongst the
evaluators. The framework, i.e. the target indicators to be
assessed, can — and for the case of climate risks even
must be — adapted to the individual and local context. A
stepwise instruction on how to implement this method can
be found in this guidebook.
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INPUT DATA AND ASSUMPTIONS

+ Qualitative or quantitative data and information on the prior selected indicators

TARGET INDICATORS

» Adaptation effectiveness scores in response to selected climate risks
+ Local feasibility scores with respect to socio-economic indicators, e.g. social acceptance and finance

EXAMPLE RESULTS

Technologies for soil protection and rehabilitation | Adaptation Local feasibility Combined adapta-
effectiveness tion relevance
Conservation Agriculture 4.0 3.2 3.6
Agroforestry 4.6 3.7 4.2
Soil and water conservation - Physical Technologies 2.8 3.2 3.0
Soil and water conservation - Biological Technologies 3.6 3.1 3.4
Soil and water conservation - Cultural Technologies 3.2 3.2 3.2
Integrated Soil Fertility Management 3.8 3.4 3.6
Pest Management 3.2 3.4 3.3

Source: Mucee Ncurai (2022): Policy Brief. Soil Protection and Rehabilitation to Support Climate Change Adaptation in Western Kenya

LIMITATIONS

The major limitation of this methodology lies in its poor comparability with other analyses. Depending on how the scoring
and weighting is conducted, scales can be interpreted differently and evaluators of one group may level themselves at a
lower level of the scale, while another group of evaluators settles further up the scale and therefore ends up with an un-

intended higher scoring of indicators than the other group. For more limitations, please see also the limitations explained
under MCA.

FURTHER LITERATURE ON METHODOLOGY

» GIZ (2022): How do soil protection and rehabilitation contribute to climate change adaptation? A participatory
multi-stakeholder approach for monitoring and evaluation.

« FAO (2017): Tracking adaptation in agricultural sectors. Climate change adaptation indicators.

* UN Framework Convention on Climate Change (2019): Methods and approaches for assessing adaptation, adaptation
co-benefits and resilience. Workshop report by the secretariat.

» Leiter et al. (2019): Adaptation metrics: current landscape and evolving practices, Rotterdam and Washington, DC.

REFERENCE PROJECTS AND STUDIES

» UN Framework Convention on Climate Change (2021): Assessment of agricultural adaptation measures in Africa,
considering adaptation gaps and co-benefits.

» Wehinger and Lutta (2024): The economics of soil organic carbon - Multi-benefits from sustainable land management
for smallholders in Western Kenya

311ADAPTATION EFFECTIVENESS ANALYSIS | METHODOLOGIES | 51



3.12 LIFE CYCLE ASSESSMENT (LCA)

FOCUS

Economic effects Social effects Environmental effects v Climate effects v

INTERVENTION AREA

Field/Farm level 4 Landscape level Market level v Societal level

COMPLEXITY
Basic Intermediate High 4

BRIEF DESCRIPTION OF THE METHODOLOGY

Life Cycle Assessment (LCA) is a valuable tool to esti- make the functioning of that product possible. Guinée
mate the total environmental impact of a product from its and Heijungs (2017) formulate the implementation of an
first stages of material acquisition, through production and LCA as follows: “Typically, LCA starts by defining goal
use up until it reaches its end of life within the disposal and scope, then proceeds to the inventory analysis, then
system. This is sometimes also referred to as an analysis optionally continues to impact assessment and ends with
from cradle to grave or a systems approach. LCAis a the interpretation.” The authors emphasizes that defining
widely accepted methodology and has a wide spectrum goals and scope at the start is critically important and
of applications in different industries. The ISO standard includes the following question that need to be answered:
14044:2006 defines the general framework for executing
a LCA. Such comprehensive analysis can be utilised » What is the intended application?
to compare the environmental impacts of products or * What are the reasons for carrying out the study?
processes with each other. The specialty of LCA is, that it * Who is the intended audience?
does so by not only looking at the product in a certain * What are the system boundaries?
state but at the whole system of industrial processes that * How is the functional unit defined?
TECHNICAL SYSTEM
INPUTS Supply Building Disposal OUTPUTS
Processing ] [ Production | Emissions

Energy resources —» oAl

of fuels ™| of materials

' '

Production of || Manufacturing

Material resources —» Noise, Vibration,

| electricity and heat | | of products | Temperature

Wat Water Construction || Waste water Emissions
aler resources » | supply ) | and rebuilding | management to water
Use and ] Waste Emissions

| maintenance ) management | —» to soil

Landscape —»[ By-products ]—»[ Demoilition ]—»[ Disposal ] —> Landscape
altered

Source: Amanac, 2015
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BRIEF DESCRIPTION OF THE METHODOLOGY — CONTINUED

LCA is a tool to analyse all the processes that are necessary for producing, using and disposing a product and integrates
all these process steps into a system of connected processes. Thus, a LCA has the potential to display in which ways
agroecological produce have advantages in terms of recycling or resource use. All these processes need to be quanti-
fied, which is also referred to as the inventory phase. This is essentially the data collection phase. Defining these pro-
cesses is complex and data availability is key. The system of processes defined in the inventory phase is often visualised
by using a flow diagram depicting the different process steps (see figure on p. 52). An LCA ends with the impact assess-
ment, where the potential impacts of the defined processes are calculated and a final interpretation of the generated data
is presented. However, LCA is highly iterative and refining things while going back and forth along the steps of a LCA is
common.

INPUT DATA AND ASSUMPTIONS

« Input data depends on goals and scope of the LCA. Data that is relevant to describe the different process steps is
necessary. This includes resource, input and energy use for production, transportation, processing, use, and waste
management.

TARGET INDICATORS

» Target indicators depend on the product impact that is subject of the analysis. Examples for viable indicators are:
* global warming potential (i.e. in kg of CO,-equivalents)
« eutrophication potential
« acidification potential
* human toxicity potential

EXAMPLE RESULTS

Life Cycle Assessment for the production of biochar and compost (i.e. terra preta) from organic residues in Benin
to assess potential environmental impacts.

Analysed supply chain:

Residues and by-products

A Compost
: waste/residues/ >
: animal droppings Composting oo .
. Fine powder
corn crop Supply chain (el Grinding ey Mixture Terra Preta
residues (transport, Pyrolysis — of the —_— Rotation _—
(corn cobs) storage, etc.) biochar

Source: DBFZ analysis conducted for ProSoil, 2023
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3.12 LIFE CYCLE ASSESSMENT (LCA) — CONTINUED

EXAMPLE RESULTS

The following figure shows a preliminary result for the GHG emissions per tonne of terra preta produced:
g tg ry
150
100
[ Transport terra preta
©
a8 50 [0 Composting (N,O emissions)
o
g & Composting (CH, emissions)
$ 0 B Composting (electricity)
Q . .
Q [J Composting (Diesel)
< -50
2 [ Grinding (Diesel)
% -100 [ Transport Corn cobs
€
o [l C-Sequestration
I
o -150 LI K,O Substitution
I N Substitution
-200 o
B P,O, Substitution
-250
-300
Nutrient content (per tonne):
4.0 8 6 -
Whisker: min/max Whisker: min/max Whisker: min/max
3.5 - 7
5.
3.0 - 6
- g - 4
s 25 - g 5 o
o s o
o © Q
© = ©
£ 20 2 4 5 3
o o o
% 15 <4 il S
X o X
~ 2 -
1.0 2 -
12
0.5 - T4
0 . 0 1 0 B
N substituion K,O substitution P,O, substituion
Source: DBFZ analysis conducted for ProSoil, 2023
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LIMITATIONS

Depending on the scope of an LCA, assumptions and scenarios can vary, which leads to different results and makes
cross-comparison complicated. Also, depending on the data set used for a specific question, values might differ. Standard
data sets for certain factors such as emissions, energy use, etc. might deviate from the technology of process that is
subject of a specific LCA. Because LCAs cover the entire life of a product, a plenitude of data is necessary to reflect this
life cycle. Often data gathering and its compatibility is time and resource intensive. In addition to that, present LCA frame-
works do not consider social welfare or other social dimensions. Hence, when social indicators are part of an assessment,
other methodologies or a combination of an LCA with other methods might become necessary.

FURTHER LITERATURE ON METHODOLOGY

» Hauschild et al. (2018): Life Cycle Assessment. Theory and Practice. Springer.

* /SO (2022): 1ISO 14044:2006 Life Cycle Assessment — Requirements and guidelines.

» Guinée and Heljungs (2017): Introduction to Life Cycle Assessment. In: Sustainable Supply Chains. Eds: Bouchery et
al. Springer.

= Curran (2013): Life Cycle Assessment: a review of the methodology and its application in sustainability. In: Current
opinion in chemical engineering, Vol. 2, p. 263-277.

» Finkbeiner et al. (2010): Towards Life Cycle Sustainability Assessment. In: Sustainability, Vol. 2, 3309-3322.

REFERENCE PROJECTS AND STUDIES

» Matustik et al. (2020): Life cycle assessment of biochar-to-soil systems: A review. In: Journal of cleaner production,
Vol. 259, 120998.

e Sahoo et al. (2021): Life-cycle assessment and techno-economic analysis of biochar produced from forest residues
using portable systems. In: The international journal of life cycle assessment, Vol. 26, p. 189-213.
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3.13 ASSESSMENT OF BIOPHYSICAL IMPACTS

FOCUS

Economic effects Social effects Environmental effects v Climate effects (V)

INTERVENTION AREA

Field/Farm level v Landscape level v Market level Societal level 4

COMPLEXITY

Basic Intermediate High 4

BRIEF DESCRIPTION OF THE METHODOLOGY

There is no single methodology to measure the bio- erosion models. However, these maps and models must
physical impacts of agroecological and other agricultural be available in the first place and be in sufficient quality.
practices on land, soil and natural habitats. Depending on To achieve the most accurate results, a combination of
the indicators that are going to be analysed and available methodologies can be useful.

research possibilities, the methods can be very different.
For larger spatial scales, geospatial technology plays an

Soil organic carbon (SOC) is in most cases unevenly important role, too. It can give quick and accurate infor-
distributed over larger areas, depths, soil types and land- mation on aboveground biomass. Changes in physical
scapes. Applying a suitable context specific methodology characteristics of an area, such as changes in land cover
is therefore crucial. There exist several methodologies to or land use can be detected with remote sensing satellite
measure and assess SOC dynamics: Soil sampling with data from e.g. open-source programs such as Landsat
laboratory instruments is an accurate but complex and Science. By observing the surface reflection, information
time-consuming approach to test the effects of agroeco- on vegetation and biomass can be generated. Normalized
logical measures on soil quality. To assess changes in Difference Vegetation Index (NDVI) is effective to differen-
SOC stock over time, field measurements of a specific tiate savannah, dense forest, non-forest and agricultural
land plot over a longer period can be conducted. Another fields and to determine evergreen forest versus seasonal
option is to contrast farming systems or agroecological forest types and to estimate various vegetation properties,
interventions by comparing soil samples of an interven- including the leave area index (LAI), biomass, chlorophyll
tion with a control site. Other possibilities to capture SOC concentration in leaves, plant productivity, fractional vege-
stock change than soil sampling are, for example, open- tation cover, and plant stress.

source soil and bulk density maps in combination with soil

INPUT DATA AND ASSUMPTIONS

» Soil samples
 Soil model results
» Remotely sensed images / satellite images

TARGET INDICATORS

» SOC stock change (e.g. in kg/ha)

 Soil erosion (soil detachment)

 Nutrient availability to crops

« Other soil physico-chemical properties e.g.
 Soil pH, electrical, conductivity, cation exchange capacity, total nitrogen, exchangeable potassium, calcium, magnesium
» Soil bulk density, porosity, hydraulic conductivity and available water holding capacity

» Land use / land cover change (LULC)

» NDVI gives a quantitative estimation of vegetation growth and standing biomass. It is a simple graphical indicator that
observes the surface of an area by the means of reflectance whether it contains healthy green vegetation or not.
* NDVI values range from +1 to -1, wherein —1 is generally water bodies and +1 is generally dense green—leafy

vegetation.
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EXAMPLE RESULTS

From Sourya Das et al. (2020): In a comparative analysis of watershed interventions in degraded areas the soil organic
carbon loss has been analysed between a baseline and a status quo. The average change in soil organic carbon during
2008-2018 in project and control villages shows that “[...] soil carbon detachment is significantly reduced in project villages
because of watershed development interventions. In control villages, soil carbon detachment is comparatively higher than

in project villages. [...] Land-use change in the project and control villages are somewhat similar. There is a 50% shift from
uncultivable land (open scrub and barren land) to cultivable land (cropland and fallows) in both the treated and control vil-
lages. This indicates the growing need for agriculture land across villages. However, the cropping intensity in project villages
Partala, Katangi and Kareli is comparatively higher than their respective control villages Amdara, Paundi Mal and Sihora.”

LIMITATIONS

Accurate measurement of SOC content is costly and time-consuming, especially for soil sampling. Due to the heterogene-
ity of SOC distribution, the number of samples required to accurately assess SOC stocks at scales is high. Scaling up of
SOC stocks from the point of sample to landscape level can be problematic and caution should be made that any calcu-
lations are based on reliable data. In addition, inadequate sampling procedures can produce a bias in data as this can be
the case for soils with high rock contents. SOC content varies not only spatially but also temporally. For example, compar-
ing samples taken in July one year with samples taken in January 5 years later is unlikely to provide accurate information
on SOC dynamics.

The limitations of vegetation indices including the NDVI are also of more technical nature. All of them show atmospheric
and sensor effects, and thus have a high variability and low repeatability or comparability. For example, any time there’s
very low vegetation cover (majority of the scene is soil), NDVI will be sensitive to that soil. This can confound measure-
ments. On the other extreme, where there’s a large amount of vegetation, NDVI tends to saturate. Indeed, in a tropical
forest, NDVI will not be sensitive to small changes in the LAl because LAl is already very high.

FURTHER LITERATURE ON THE METHODOLOGY

» Lorenz and Lal (2016): Soil Organic Carbon — An Appropriate Indicator to Monitor Trends of Land and Soil Degradation
within the SDG Framework? Carbon Management & Sequestration Center, School of Environment & Natural Resourc-
es, The Ohio State University, Columbus, Ohio, USA.

» Hartz (2007): Soil Testing for Nutrient Availability Procedures and Interpretation for California Vegetable Crop Produc-
tion. Vegetable Research and Information Center, University of California.

» Spruce et al. (2020): Mapping Land Use Land Cover Change in the Lower Mekong Basin From 1997 to 2010. Front.
Environ. Sci. 8:21.

» World Agroforestry (2020): The Land Degradation Surveillance Framework. Field Guide. ICRAF.

REFERENCE PROJECTS AND STUDIES

» FiBL (2019): SysCom Program (2007-2019) — A Comprehensive Report. What is the contribution of organic agriculture
to sustainable development? A synthesis of twelve years (2007-2019) of the “long-term farming systems comparisons
in the tropics (SysCom)”; p. 27.

» Musyoka et al. (2017): Effect of organic and conventional farming systems on nitrogen use efficiency of potato, maize
and vegetables in the Central highlands of Kenya. European Journal of Agronomy.

» Sourya Das et al. (2020): Economic valuation of reducing land degradation through watershed development in east
Madhya Pradesh (India) under risks of Climate extremes, WOTR, Pune. Economic of Land Degradation (ELD). (Pro-
Soil).

» Musyoka et al. (2017): Effects of organic and conventional farming systems on nitrogen use efficiency of potato, maize,
and vegetables in the central highlands of Kenya. In: European journal of agronomy, Vol. 86, p. 24-36.

» von Arb et al. (2020): Soil quality and phosphorus status after nine years of organic and conventional farming at two
input levels in the Central Highlands of Kenya. Geoderma, 362.
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3.14 WATER FOOTPRINT ANALYSIS

Economic effects Social effects Environmental effects v Climate effects

INTERVENTION AREA
Field/Farm level v Landscape level v Market level 4 Societal level 4
COMPLEXITY
Basic Intermediate 4 High v

BRIEF DESCRIPTION OF THE METHODOLOGY

The amount of water that is used to produce a certain
good is called a water footprint. Measuring the water
footprint can be done for single products, value chains,
sectors of the economy of even whole countries. Usually,
the water footprint is measured in m®per ton of produc-
tion, per ha of land or even per region or country. When
focusing on the agricultural sector, the water footprint
essentially provides information on the amount of water,
measured in m?, necessary to produce one ton of crop,
livestock product or secondary product in a specific world
region.

Most often this information is given for three types of
water: so-called green water, blue water and grey water.
Green water refers to the volume of rainwater consumed
during the production process. This is particularly relevant
for agricultural products based on crops, where it refers
to the total rainwater evapotranspiration (from fields and
plantations) plus the water incorporated into the harvest-
ed crop. Blue water refers to the volume of surface and
groundwater consumed (both evaporated or incorporated)
as a result of the production of an agricultural good. The
term Grey water is used to describe freshwater pollution
that can be associated with the production of an agricul-
tural product over its full value chain. It is defined as the
volume of freshwater that is required to assimilate the
load of pollutants based on natural background concen-
trations and existing ambient water quality standards. It is
calculated as the volume of water that is required to dilute
pollutants to such an extent that the quality of the water
remains above agreed water quality standards.

Calculating water footprints is a complex and data-in-
tensive undertaking. Further reading on methodologies
and different approaches can be accessed here: Muthu
(2019). Le Roux et al. (2018) and Hoekstra et al. (2011).

However, if calculating own water footprints exceeds the
scope of a planned study or project, data on water foot-
prints can be accessed in specialized databases (i.e. the
Water Footprint Network), on which several assessments
can be built on.

One such assessment is the analysis of water productivity.
Water productivity measures the product units produced
per unit of water use (i.e. m®). Water productivity is the in-
verse of the water footprint data which is measured in m?
of water used to produce one ton of an agricultural good.
Therefore, water productivity is similar to land productivity
(i.e. yield per hectare), but now production is not divided
over the land input (i.e. hectares) but water input (i.e. m3).

Another possible assessment based on the water footprint
is the analysis of virtual water trade. Virtual water is the
total volume of freshwater used to produce the products
for export or import. Then, the virtual water export or
import in, respectively from a particular region is the vol-
ume of virtual water associated with the export or import
of agricultural goods in, respectively from the region.
Estimating virtual water trade is closely linked to the
assessment of virtual land trade (see 3.714 Land Footprint
Analysis) as both methods are based on the assessment
of internationally traded (agricultural) goods. Once the
water footprint, for example in m? per ton, is available, this
information can then be coupled with trade information
across global supply chains to evaluate how virtual water
is traded between regions and countries.

A third application of the water footprint is the use of this
data as a baseline against which certain water saving and
management techniques at different supply chain levels
(i.e. on farm level or during processing) can be assessed
and how these might impact the water footprint. In such a
way, the water use of agroecological production patterns
and technologies can be compared to other forms of
agriculture production.
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INPUT DATA AND ASSUMPTIONS

* International trade data in the form of a widely used classification system such as Standard International Trade
Classification (SITC) or Harmonised System (HS) (used by UN Comftrade)

» Crop production and yield data

» Values from water footprint databases

TARGET INDICATORS

» Water footprint in m3 per reference unit (i.e. ton of product, hectare, country)

EXAMPLE RESULTS

From Nouri et al. (2019): The results show that the water footprints of all crops decrease by mulching. In addition, for
most crops the water footprints further decrease when also replacing existing irrigation technology (surface or sprinkler
irrigation) by drip irrigation. These results confirm that mulching and drip irrigation have positive impacts on water saving.

LIMITATIONS

Water footprints of products are useful to highlight freshwater consumption of individuals, regions or entire countries as
well as the trade of virtual water embedded in products across countries. However, these metrics are highly context
specific as spatial differences in water availability and use make cross-comparisons complicated. For example,
comparing an imported product with a lower water footprint to the same domestically produced product with a higher
water footprint does not provide information regarding the context in which these products have been produced with
regards to water availability, environmental conditions (such as increasing droughts or depleting groundwater levels) and
opportunity costs of water use. In addition, even a product with a high water footprint might be favourable, if such a prod-
uct delivered a high revenue per drop of water in comparison to less water using but also less profitable products. Such
metrics are however not displayable with the Water Footprint alone.

Ansorge at al. (2022) provide further information on limitations of the water footprint.

FURTHER LITERATURE ON THE METHODOLOGY

» Mekonnen and Hoekstra (2011a): National water footprint accounts: The green, blue and grey water footprint of pro-
duction and consumption. Volume 1: Main report. Value of water research report series No. 50.

* Mekonnen and Hoekstra (2011b): The green, blue and grey water footprint of crops and derived crop products. In:
Hydrology and Earth System Sciences, Vol. 15, p. 1577-1600.

» Peters and Thilmany (2022): Food systems modelling. Elsevier.

» Banerjee et al. (2021): Agroecological footprints management for sustainable food system. Singapore: Springer.

REFERENCE PROJECTS AND STUDIES

» Noleppa and Cartsburg (2015): The social, economic and environmental value of agricultural productivity in the Euro-
pean Union. Part II: Impacts on water trade and water use. HFFA Research Paper 01/2015. HFFA Research GmbH.

» Nouri et al. (2019): Water scarcity alleviation through water footprint reduction in agriculture: The effect of soil mulch-
ing and drip irrigation. In: Science of the total environment, Vol. 653, p. 241-252.
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3.15 LAND FOOTPRINT ANALYSIS

FOCUS
Economic effects 4 Social effects Environmental effects 4 Climate effects
INTERVENTION AREA
Field/Farm level Landscape level Market level v Societal level 4
COMPLEXITY
Basic Intermediate High 4
BRIEF DESCRIPTION OF THE METHODOLOGY
A Land Footprint Analysis aims to quantify land use for Ultimately, this makes it possible to quantify land use from
food production (or any other land-based commaodity), a consumer perspective, i.e., in the form of a footprint.
following the produced goods along the value chain and Because international trade of the consumed goods is
assessing the final consumption patterns of the produced included in the assessment, it is possible to differentiate
food. This includes the international trade of these goods. between a land footprint based on national production as
The basic idea behind this approach is that the production well as so-called net virtual land trade footprints based
of any good requires inputs, in this case: land. Thus, the on imported and exported goods that are not consumed
inputs used for the production of a good can be consid- in the same country as they are produced. Consequently,
ered to be a virtual part of this good. When this good is imports of agricultural products add land to the domestic
eventually traded across borders, the virtual input embed- resource while exports act to reduce it. Depending on the
ded in the product is traded likewise. focus of the analysis, product flows (and embodied land
use) along the supply chain can be tracked in terms of
In a first step, the land use is attributed to production pat- monetary values or physical quantities, such as tons of
terns of agricultural commodities in the countries of origin. biomass moving along the value chain.
In other words: How much of a given good is produced
on how much land? This provides a first important value These methododologies can be utilised to either present
in the form of land embodied in each amount of a good, the status quo of land footprint but also to show how
i.e., m? of land per kg of wheat. The second step then is certain activities such as policies, consumer behaviour
to track the agricultural product along the local, regional or management practices such agroecological measures
or global supply chain to its final use, where the m? of impact on land trade and related consumption patterns
land per kg of wheat can be attributed to a consumer’s as well as land use efficiency. Having quantitative data on
consumption pattern. This includes intermediate usages national land footprints as well net virtual land trade foot-
and processing. prints makes it possible to conduct biophysical assess-
ments. This includes carbon dioxide emissions attributed
to land use and land use change such as leakage effects
as a consequence of production displacements.
* International trade data in the form of a widely used classification system such as SITC or HS (used by UN Comtrade).
* Land use, crop production and yield data.
 Technical conversion factors to transform processed agricultural products back into their raw material. Available for
example at USDA and Faostat.

TARGET INDICATORS

 Land footprint expressed in ha per reference unit (for example per capita or a whole country)
« Virtual net land imports and exports in ha per reference unit (for example per capita or a whole country)
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EXAMPLE RESULTS

From Noleppa and Cartsburg (2014), p. 15: “[...] the EU is currently net importing a still remarkable amount of virtual
agricultural land — close to 20 million ha. The status quo, however, is the result of various developments during past
years. Around the turn of the millennium, the EU has net imported almost 15 million ha, only. The acreage net occupied
outside the EU’s territory then doubled until the years 2006/07, obviously as the result of increasing liberalization, new
and increasing demands and decreasing land productivity growth in the EU. Since then, the trend has changed again:
The EU was able to lower its virtual net import of agricultural land over time by about 10 million ha. First of all, this is
apparently due to good harvests, especially in grain production, rising competitiveness in meat production, but also
because trading partners improved in land productivity.”

LIMITATIONS

Land footprints of products are a useful tool to highlight the land that is necessary to produce a certain quantity of a prod-
uct, how much land is occupied by the consumption of individuals or even entire countries and how much virtual land is
embedded in the trade of products. However, these metrics are context specific as they do not provide information on the
conditions under which the land was used to produce a certain amount of produce. For example, a low or high land foot-
print of wheat does not directly provide information whether it was produced in accordance with agroecological principles
or as part of an input-intensive production process. Further, comparing an imported product with a lower land footprint to
the same domestically produced product with a higher land footprint does not provide information regarding the context
in which these products have been produced with regards to water availability, soil protection, input use and opportunity
costs of land use.

FURTHER LITERATURE ON THE METHODOLOGY

» Bruckner et al. (2015): Measuring telecouplings in the global land system: A review and comparative evaluation of
land footprint accounting methods. In: Ecological Economics, Vol. 114, p. 11-21.

» Tian and Sarkis (2022 : Embodied land resources trade in major African countries: A global trade and supply chains
analysis. In: Africa and sustainable global value chains. Eds: Frei, R., Ibrahim, S., Akenroye, T., p. 79-95.

» Banerjee et al. (2021): Agroecological footprints management for sustainable food system. Singapore: Springer.

REFERENCE PROJECTS AND STUDIES

» Chen et al. (2021): Global environmental inequality: Evidence from embodied land and virtual water trade. In: Science
of the total environment, Vol. 783, 146992.

* Qiang et al. (2020): Trends in global virtual land trade in relation to agricultural products. In: Land use policy, Vol. 92,
104439.
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3.16 CARBON FOOTPRINT ANALYSIS

FOCUS
Economic effects Social effects Environmental effects Climate effects v
INTERVENTION AREA
Field/Farm level 4 Landscape level v Market level v Societal level 4
COMPLEXITY
Basic Intermediate v High 4

BRIEF DESCRIPTION OF THE METHODOLOGY

The carbon footprint is a commonly used measure to de-
termine the total amount of greenhouse gases generated
by a person, product, organisation, project or even coun-
try. It is usually expressed in carbon dioxide equivalents
(CO%) and includes, besides carbon dioxide, other green-
house gases such methane or nitrous oxide. The carbon
footprint is considered an important metric for assessing
possible strategic decisions or comparing different options
in terms of their impact on the climate. It is also commonly
used to measure an organisation’s carbon emissions to
meet regulatory requirements.

A distinction is usually made between a product carbon
footprint and an organisational carbon footprint, where
the product carbon footprint includes all emissions over
the entire life cycle of the analysed product (typically from
cradle to gate or cradle to grave). The corporate carbon
footprint goes further in its required input data by assess-
ing all economic activities of a company or organisation.
This typically includes both, direct (scope 1) and indirect
(scope 2 and 3) emissions. In the agricultural sector,
direct greenhouse gas emissions typically arise from the
use of fossil fuels for used machinery, but also from the
application of fertiliser. Indirect emissions considered

are usually those from the purchase of energy that is not
produced but consumed by the organisation and other
indirect emissions, such as those emitted by the produc-
tion of used inputs.

The methodology used to determine the product carbon
footprint is usually a Life Cycle Assessment (LCA) (see
also Life Cycle Assessment (LCA)) that focuses specifi-
cally on greenhouse gas emissions while neglecting other
parameters such as water or land use. For a corporate
carbon footprint, the guidelines outlined in the Green-
house Gas Protocol or Science Based Targets Initiative
are commonly used approaches. Further guidance is pro-
vided by the /SO Standards 14064 (organizational level)
and 14067 (product level) as well as by the /PCC Guide-
lines for National Greenhouse Gas Inventories. These
resources can also be consulted to determine emission
factors needed once the relevant data for the assessment
has been selected.

Before the actual calculation, it is important to decide what
question the assessment is trying to answer. For exam-
ple, questions such as what the total carbon footprint is

or where the greatest potential for reduction in the supply
chain or organisation is. The next step is to define the
scope and boundary by deciding which parameters will be
included in the assessment and which emission factors
will be used. This is followed by the data collection, which
can be challenging considering the amount of data need-
ed. Estimates are considered as a suitable alternative if

a lack of information exists. To calculate the carbon foot-
print, the activities are multiplied by the emission factor.

INPUT DATA AND ASSUMPTIONS

Knowledge of the supply (value) chain or organisational activities

Yields per area unit (e.g. kg per hectare)

Various data on the production process such as inputs, machinery, energy used
Values from carbon footprint databases (such as the Emission Factor Database (EFDB)
or the Agri-Footprint database.
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TARGET INDICATORS

» Carbon footprint in kg COZeq per reference unit (i.e. ton of product, hectare, country)

EXAMPLE RESULTS

From Al-Mansour. F.. and Jejcic. V. (2017): Carbon footprint of grains and fruits produced in Slovenia showed slight
differences depending on the sowing method used or the type of cultivation (organic vs. conventional). Using the
AgrFootprint model, the input data used are average data for fuel consumption for primary and secondary tillage, sowing,
fertilisation, pesticides, harvesting, heating, cooling, additional drying and internal transport. Fertiliser application has a
massive impact on the carbon footprint of a product, up to 42-76 % in this analysis. Due to lower yields in organic farm-
ing compared to conventional farming, the carbon footprint was found to be higher, while direct sowing had the lowest
carbon footprint compared to sowing secondary tillage. Positive impacts can therefore be achieved by reducing energy
consumption in production or by increasing productivity.

LIMITATIONS

The results of a carbon footprint analysis are dependent on data availability for the assessment. This marks a challenge
in global, interlinked supply chains, where the emissions of downstream supply chains (especially scope 2 and 3) are
hard to track. Besides availability of data, the right emission factors need to be used as well as the same data collection
standards. It's also necessary to set the system boundaries for the assessment, which might complicate the comparison
of two assessments, when different boundaries where used. Although the most relevant greenhouse gasses defined in
the Kyoto protocol are usually taken into account when conducting a carbon footprint analysis, methodological differenc-
es might apply, e.g. due to a lack of data. This needs to be considered if comparisons are made, especially if it comes to
comparing results from different sources.

Lastly, considering results without context might lead to wrong conclusions as considering a single factor doesn’t reflect
the complexity of interlinked systems. An example might here be the comparably bigger carbon footprint of organic ag-

riculture leading to the first conclusion of choosing a conventional approach to tackle climate change. This is neglecting
positive effects of organic agriculture such as on soil fertility, human health, biodiversity and water systems, that are not
reflected in the analysis.

FURTHER LITERATURE ON THE METHODOLOGY

» The Greenhouse Gas Protocol (2011): Product Life Cycle Accounting and Reporting Standard.
World Resource Institute. USA.

e The Greenhouse Gas Protocol (2014): GHG Protocol Agricultural Guidance Interpreting the Corporate Accounting
and Reporting Standard for the agricultural sector. World Resource Institute. USA.

» European Investment Bank (2023): EIB Project Carbon Footprint Methodologies: Methodologies for the assessment
of project greenhouse gas emissions and emission variations (Version 11.3). Luxembourg.

» Blonk. H.. Tyszler. M.. van Paassen. M.. Braconi. N.. Draijer. N.. & van Rijn. J. (2022): Agri-footprint 6 Methodology
Report: Part 1: Methodology and basic principles (Version 2). Gouda, NL.

REFERENCE PROJECTS AND STUDIES

» Al-Mansour, F., and Jejcic, V. (2017): A model calculation of the carbon footprint of agricultural products: The case of
Slovenia. Energy, 136, 7-15. doi:10.1016/j.energy.2016.10.099

* Holka, M.. Kowalska, J.. Jakubowska, M. (2022): Reducing Carbon Footprint of Agriculture—Can Organic Farming
Help to Mitigate Climate Change? Agriculture 12, no. 9: 1383. https://doi.org/10.3390/agriculture 12091383
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3.17 LAND EQUIVALENT RATIO (LER)

FOCUS
Economic effects v Social effects Environmental effects Climate effects
INTERVENTION AREA
Field/Farm level v Landscape level v Market level Societal level
COMPLEXITY
Basic v Intermediate High

BRIEF DESCRIPTION OF THE METHODOLOGY

The Land Equivalent Ratio (LER) is used to measure the
yield advantage, multi cropping (MS) systems have over
sole cropping systems or compare different intercrop-
ping practice with another. It is commonly defined as the
relative area needed by sole crops to produce the same
yields as achieved using intercropping. The methodology
does not limit the number of crops considered and can
also be applied to agroforestry systems or even technical
uses such as agro-technological systems (e.g. farming
and photovoltaic systems).

It typically considers and compares yields per crop per
unit of land but can be calculated by using yield per plant
as well. The LER is typically calculated by dividing the
yields derived in an intercropping system by yields of sole
cropping and adding them for all cultivated crops. A LER
greater than 1 means, that intercropping is more efficient
than sole cropping whereas a LER smaller than one
indicates, that more land is required for the multi cropping
system to be as productive as the sole cropping system.
The LER can also be taken as an indicator for the relative
yields obtained: An LER of 1.2 indicates a yield advantage
of 20 % for the intercropping system.

INPUT DATA AND ASSUMPTIONS

* Yield per unit of land in monocropping systems (e.g. Kg/ha)
* Yield per unit of land in intercropping systems (e.g. Kg/ha)
* Yield per plant in monocropping systems (e.g. fruit/plant)

* Yield per plant in intercropping systems e.g. fruit/plant)

TARGET INDICATORS

» Land equivalent ratio (LER) per unit of land or per plant (e.g. per hectare of land, or tomatoes harvested.)

EXAMPLE RESULTS

yield trends.

An experiment by Deb and Dutta (2022) in the Indian state of Odisha has shown that multi-cropping (MC) systems
outperform single-cropping (SC) systems, even when more than two crops are grown. Eight selected farms were planted
with seven of the most commonly grown crops in the region in three different scenarios. Each replication of the eight
farms consisted of seven SC plots and three MC plots, with row intercropping used in the first MC plots and mixed
intercropping in different variations in the second and third. For the analysis, both the yield per unit area and the yield
per plant were calculated, giving the same results. It was found that the yield of each of the seven crops in the MC farms
was lower than in the SC farms, but when all the crops in the MC system were considered, they far outweighed the MC.
While row intercropping is only marginally more productive than MC systems, mixed intercropping shows very positive
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LIMITATIONS

It might pose a challenge to analyse the exact area under cultivation, especially in indigenous farms where different
types of crops are often grown at varying spacings. It is therefore difficult to determine the yield per unit area or per plant.
Estimates are considered as a valid option in such advisable scenarios.

Furthermore, a limitation of the LER methodology is that it does not take time into account. As some fields may be culti-
vated two or even three times a year, considering the yields obtained per year may provide a more reliable indicator than
just analysing one cropping season. Alternatively, the Area Time Equivalent Ratio (ATER) method can be used to include
this parameter.

As the LER is a ratio, large values can be obtained from either low yields in sole cropping or from high yields in intercrop-
ping systems, it's not clear which has had the effect, or in other words, LER does not show the yields achieved per crop
in the intercropping system. It could be economically more efficient to grow more of one crop, while higher yields could
be achieved with a different proportion of the crop. To take these effects into account, the more complex Land Equivalent
Cefficient (LEC) approach may be appropriate. It is used to calculate the proportion of the yield of a mixture component
that is explained by the presence of the other components.

FURTHER LITERATURE ON THE METHODOLOGY

* Mead, R.. and Willey, R. W. (1980): The concept of a ‘land equivalent ratio’ and advantages in yields from intercrop-
ping. Experimental Agriculture, 16(3), 217—228. doi:10.1017/s0014479700010978

* Riley, J. (1984): A General form of the ‘Land Equivalent Ratio.” Experimental Agriculture, 20(1), 19-29. doi:10.1017/
S0014479700017555

* Deb, D., and Dutta, S. (2022): The robustness of land equivalent ratio as a measure of yield advantage of multi-crop
systems over monocultures. Experimental Results, 3. https://doi.org/10.1017/exp.2021.33

» Adetiloye. P.O.. Ezedinma. F.O., and Okigbo, B.N. (1983): Aland equivalent coefficient (LEC) concept for the evalua-
tion of competitive and productive interactions in simple to complex crop mixtures. Ecological Modelling, 19, 27-39.

REFERENCE PROJECTS AND STUDIES

e Islam M.R., Hossain M.F.. Mian M.A.K., Hossain J., Alam M.A. (2016): Outcome of intercropping garlic with brinjal for
the smallholder farmers of Bangladesh. Indian Journal of Agricultural Research. 50(2): 177-182. doi: 10.18805/ijare.
v0iOF.9428.

e Chapagain, T., Pudasaini, R., Ghimire, B., Gurung, K., Choi, K., Rai, L., Magar, S., BK, B., & Raizada, M. N. (2018):
Intercropping of maize, millet, mustard, wheat and ginger increased land productivity and potential economic returns
for smallholder terrace farmers in Nepal. Field Crops Research, 227, 91-101. hiips.//doi.org/10.1016/).fcr.2018.07.016

» Trommsdorff, M., Kang. J., Reise, C., Schindele, S., Bopp. G., Ehmann. A.. Obergfell, T. (2021): Combining food and
energy production: Design of an agrivoltaic system applied in arable and vegetable farming in Germany. Renewable
and Sustainable Energy Reviews, 140, 110694. doi:10.1016/j.rser.2020.110694
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3.18 TOOL FOR AGROECOLOGY PERFORMANCE EVALUATION (TAPE)

FOCUS

Economic effects v Social effects v

Environmental effects v

Climate effects v

INTERVENTION AREA

Field/Farm level v Landscape level 4

Market level Societal level

COMPLEXITY

Basic v

Intermediate v High

BRIEF DESCRIPTION OF THE METHODOLOGY

The TAPE methodology is a participatory framework
developed by the FAO, combining various methodologies
in one single approach that allows a holistic assessment
on the agroecological transformation of farms and their
socio-economic and environmental effects. It is not a
classical methodology to assess the impacts of agroeco-
logy but goes far beyond in assessing farm performance
on a multidimensional level. It can be used to assess
various production systems such as crop and livestock
production, forestry, fisheries and aquaculture and can be
adapted to different local contexts and languages, which
makes it an ideal tool for policy makers but also practi-
tioners, scientists, producers or funding institutions, that
are interested in assessing or comparing agroecological
practises in a harmonious and globally consistent way.

TAPE consists of 4 steps and is implemented by using a
questionnaire covering various aspects of the transition
towards agroecology and farm performance. In Step 0 —
Description of systems and context — basic information
such as production systems, type of household, agroeco-
logical zones, existing legal and policy frameworks (incl.
climate change) are collected. Step 1 — Characterization
of Agroecological Transition (CAET) — is used to collect in-
formation on the current agroecological status of the farm
assessed. This step is based on the ten elements of agro-
ecology?, covering each aspect with various questions. For
example, relevant indices for the element Efficiency are

(i) Use of external inputs, (ii) Management of soil fertility,
(iii) Management of pests & diseases and (iv) Agricultural
production and household’s needs and investments. The
scores of these semiquantitative indices range from 0 to
4, depending on how efficient the production is. To obtain
the general score of the element, the scores of the four
indices are summarized (e.g. 3+3+3+4=13) and standard-
ised on a scale from 0 to 100 % (13/maximum score

(16) = 81.3 %). This approach is used for all 10 elements.

To assess the level of agroecological transition it is
advised to consider CAET values <50 % as non-agroe-
cological systems, while farms ranging from 50 to 70 %
are considered in transition whereas >70 % are advanced
agroecological systems.

In case, of a large number of homogenous observations in
the CAET, Step 1bis — Transition Typology — as an optional
clustering to reduce the sample size can be conducted
before continuing with Step 2. Here it is recommended,

to form statistically sound subgroups, e.g. based on the
geographic location or state of transition.

Step 2 — Criteria of Performance — covers ten core criteria
relevant for achieving the Sustainable Development Goals
(SDGs). These criteria are clustered in five main dimensions
including Governance, Economy, Health & Nutrition, Soci-
ety & Culture as well as Environment and aim to provide a
systematic overview on how the assessed farm performs.

Under Step 3 - Analysis and participatory interpretation —
the data collected under the previous steps is analysed, if
possible, in cooperation with the community that was sur-
veyed. Firstly, the CAET results (STEP 1) are combined
with the systems data under Step 0, to measure the pro-
gress of the agroecological transformation. Secondly, the
performance results collected under Step 2 are explained
using the CAET results. For the assessment of this data
a traffic light approach is recommended using green for
desirable, yellow for acceptable and red for unsustainable
performance — this interpretation should be conducted in a
participatory manner to guarantee correct correlations.

Advanced Criteria covering further relevant indicators for
impact analysis such as water pollution or greenhouse
gas emissions can be included in the questionnaire, if
necessary or helpful for the intended assessment.

2 The ten elements of agroecology as defined by the FAO are Diversity, Synergies, Efficiency, Resilience, Recycling, Co-creation and sharing
of knowledge, Human and social values, Culture and food traditions, Responsible governance, and Circular and solidarity economy.
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INPUT DATA AND ASSUMPTIONS

+ All necessary input data is collected via an extensive questionnaire that can be supplemented by advanced criteria if
needed. The questions can be answered by the farmers through a self~assessment or as a guided exercise and are
combined with physical inspection or the upload of pictures of the farm analysed.

» Step 0: Basic data on farm metrics such as production type, farm and household size, geolocation, crops cultivated,
and animals kept.

» Step 1: Data related to the ten elements of agroecology such as soil management systems, external inputs, water and
energy use, food and nutrition metrics, labour and decision-making processes.

» Step 2: Performance criteria such as land tenure, machinery used, income, food intake, soil health or pesticides used.

» Advanced criteria related to water use efficiency, greenhouse gas emissions, climate change resilience, or food security
metrics can be included.

TARGET INDICATORS

* Level of transition towards agroecology and performance indicators highlighting the contribution to reaching various
SDGs.

EXAMPLE RESULTS

In a project in Lesotho, the TAPE framework was used to assess 200 production systems across 4 agroecological zones,
5 districts and 19 distinct landscapes. The aim of the assessment was to gather baseline data on the sustainability of the
farms participating in the project. It was found that the transition to agroecology was still in its infancy, and most farms
could not be considered as agroecological as CAET results were on average 39 % and none of the elements reached
above 50 %. Nevertheless, it could be shown, that farms that reached higher levels of transition towards agroecology
(higher CEAT values) also reached better performance values, which means that they had a higher gross value of the
production per person, used less fertilisers and had therefore slightly better soil health, showed slightly better employment
opportunities for the youth, seem to spend less on food as it was assumed that they were more self-sufficient. There was
no significant relationship between the governance dimension and the level of agroecological transition found. Summa-
rising it can be concluded that farms who are further in transition towards agroecology performed slightly better in the
performance indicators compared to those, who are still in the beginning of their transition although (Lucantoni, et al., (2022).

Figure 1 Characterization of the Agroecological
Transition (CAET) for the different types 100

. . . Responsible
of production systems identified, Governance

Lucantoni, et al.. (2022) page 22:
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LIMITATIONS

The application of the TAPE methodology is rather time consuming, as it requires to answer a brought variety of ques-
tions. For production units assessed this might require additional preparation time as they need to provide relevant data
on inputs, expenditures, soil quality etc... The assessment following the proposed methodology requires training as well
as statistical knowledge for correct interpretation of the acquired data.

FURTHER LITERATURE ON THE METHODOLOGY

» The Agroecology Knowledge Hub hosted by the FAO provides further information on the methodology itself and_how
to use it.

* FAO (2019): TAPE Tool for Agroecology and Performance Evaluation — Process of Development and quidelines for
application. Test version. Rome.

» An Online Training Course in Spanish provided by FAO, as well as a comprehensive e-learning course in English.

* Mottet et al., (2020) Assessing Transitions to Sustainable Agricultural and Food Systems: A Tool for Agroecology
Performance Evaluation (TAPE). Front. Sustain. Food Syst. 4:579154. doi: 10.3389/fsufs.2020.579154.

REFERENCE PROJECTS AND STUDIES

 Lucantoni. et al.. (2022): Report on the use of the Tool for Agroecology Performance Evaluation (TAPE) in Lesotho in
the context of the Restoration of Landscape and Livelihoods Project (ROLL). Results and analysis. Food and Agricul-
ture Organization of the United Nations (FAO), Rome

» Wordofa et al. (2024): Economic, environmental and social indicators of sustainability among smallholders
in Ethiopia: Based on tool for agroecological performance evaluation data. Data in Brief, 52, 109988.
https://doi.org/10.1016/].dib.2023. 109988

* FAO (2023): Assessing agroecological transitions in Mali with TAPE

» Geck et al. (2024): Measuring Agroecology and its Performance (MAP) - Key findings from applying the FAO Tool for
Agroecology Performance Evaluation (TAPE) in Benin, Ethiopia, Kenya, and Madagascar in the context of the Global
Programme Soil Protection and Rehabilitation for Food Security (ProSoil)
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