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The world is facing a looming biodiversity, climate and food security crisis

(Hertel, 2011; Tilman et al., 2011; Wheeler and von Braun, 2013). Critical

to meeting these challenges is the sustainable adaption of food production

systems. Organic agriculture has been outlined as one key component

of the overall solution as it is able to mitigate some of the negative
externalities resulting from intensive agricultural practices (Fuller et al.,

2005; Stolze and Lampkin, 2009; Lee et al., 2015; Squalli and Adamkie-

wicz, 2018; Pe'er et al., 2020; Müller et al., 2017). Organic agriculture is

explicitly orientated towards sustainable food production via the maximisation

of biodiversity, soil fertility and food quality (EU, 2018; Gomiero et

al., 2011; IFOAM, 2008). These aims are achieved through the implementation

of agroecological management practices that have been linked

with advantages over conventional agriculture that include; lower
environmental impacts, greater soil carbon capture and improved profitability
(Cisilino et al., 2019; Gabriel et al., 2013; Scialabba and Müller-Lindenlauf,

2010; Smith et al., 2019; Tuck et al., 2014; Tuomisto et al., 2012). There

has been a large policy focus on promoting organic agriculture in the EU

over the last 30 years (Stolze and Lampkin, 2009), which has contributed

to a higher area share compared to the global average (-8.5% versus

-1.5% (EC, 2021; Wilier et al., 2021)). Nevertheless, the sector still requires
significant growth given the ambitious target for 25% of the farmed area

to be managed organically by 2030 through the Farm-to-Fork strategy
(EC, 2021; Montanarella and Panagos, 2020; Moschitz et al., 2021).
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While governments across Europe commit to organic targets, the extent
to which past organic policies have had an impact on organic conversion

at the country scale has been largely unexplored empirically. If the full
benefits of organic agriculture are to be brought to fruition and targets
are to be met, it is critical to develop insights into how organic policy can
be formulated to efficiently and effectively drive its proliferation. National
and EU-wide action plans are a frequently used policy intervention both
within and outside of the agri-environmental setting. Organic action

plans specifically aim to strengthen the organic sector in the EU, both on
the demand and supply-side. Whilst demand-side effects have been
studied (e.g. Sorensen et al., 2016; Lindström et al., 2020), supply-side effects

of these action plans on organic farmed area are largely not verified

empirically.

We here contribute to fill this gap and analyse the effectiveness of four
national organic action plans (France, Sweden, Czech Republic and Austria)

at stimulating organic farmland expansion. To this end, we use a

balanced panel country-level dataset consisting of 26 OECD states

between 2001 and 2019 (N 494), and use the synthetic control method to
quantify the treatment effects for the selected action plans on the

respective organic farmland area following the methodology pioneered by

(Abadie et al., 2015, 2010; Abadie and Gardeazabal, 2003).

Whilst a large number of studies have looked at drivers of organic agriculture

adoption at the farm level (e.g. Allaire et al., 2015; Khaledi et al.,

2010; Läpple and Kelley, 2013; Läpple and Rensburg, 2011; Mala and

Maly, 2013; Musshoff and Hirschauer, 2008; Mzoughi, 2011; Pietola and

Lansink, 2001; Schmidtner et al., 2012; Serebrennikov et al., 2020),

setting the scope at this juncture limits the ability to quantify the effectiveness

of any particular country scale policy intervention. Furthermore, the

relatively more abundant qualitative and descriptive research efforts that
investigated organic policies at a country level, such as organic action

plans (Jahrl et al., 2016; Sanders, 2013; Sanders et al., 2011), are also



limited in their ability to precisely measure the effect of a particular policy

on the organic sector. To complement the existing literature, rigorous
counterfactual analysis is needed, hence the approach adopted in this

study. Previous studies clearly show that quantitative econometric
research into understanding the effects of policy on organic adoption at

a country level is generally underdeveloped (Daugbjerg et al., 2011;

Lindström et al., 2020 being amoung the most recent examples).

This study seeks to make a novel contribution to the organic policy
discourse through the assessment of the conversion effects of four selected

national organic action plans implemented in four EU member states

between 2001 and 2019. We apply the Synthetic Control Method to model

conversion impacts, an econometric approach that has been described as

one of the most important breakthroughs in policy evaluations within the
last two decades (Athey and Imbens, 2017; Ferman et al., 2020). The

method is especially relevant for our analysis as it enables the quantification

of the effect of organic action plans by predicting the counterfactual

year-on-year development of organic area using a weighted combination

of untreated units - from a sample of multiple units known as the donor

pool - to manufacture a single control unit. We use a donor pool of 26

OECD member states1 with which to estimate the counterfactual.

Through this analysis, we find mixed results that indicate that the success

of organic action plans is highly context specific. For instance, our analysis

provides robust evidence of large, positive organic area increases resulting

from the implementation of plans in France and Sweden (Figure 1) of
68 and 75 percentage points respectively (Table 1). The models indicated

that these growth predictions were highly significant In real terms, this

means that the additional organic farmland area attributed to the organic
action plans equated to 397 thousand ha for France and 169 thousand ha

1 - The 26 countries included in the donor pool were Austria, Belgium, Canada, the Czech Republic,

Denmark, Estonia, Finland, France, Germany, Hungary, Italy, Ireland, Latvia, Lithuania, the Netherlands, New
Zealand, Norway Poland, Slovakia, Slovenia, Spain, South Korea, Sweden, Switzerland and the UK.
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for Sweden. The results were robust through a variety of robustness tests
that included; Leave-out-one and in-space placebo tests as well as rigorous

testing of different model specifications and donor pool sizes.

Figure 1. Predicted versus actual organic area growth trends post intervention via national organic action

plan. The difference between the actual and predicted trends is termed the treatment effect. Please consult

However, the Austrian and Czech plans are found to be ineffectual at

stimulating growth (Figure 1), with both treatment effect predictions
being insignificant. In the Austrian case, a no-treatment effect, makes

reasonable sense seeing as the 2011 action plan was preceded by several

similar action plans (not the case in France or Sweden). This could logically
result in a stagnation of growth. In the Czech case, the apparent success
of their first action plan starting in 2004 is likely highly correlated with
their entry into the EU (also in 2004), and our results show that this effect
had worn off by the second plan in 2011. Prior to the implementation of
both the Czech and Austrian action plans, these countries already had
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relatively high shares of organic farmland compared to the EU average
(also not the case in France and Sweden). The starting organic farmland

area shares were 13.8% and 19.7% for the Czech Republic and Austria

respectively. This is much lower than the shares for France and Sweden

which were 2.0% and 7.2% respectively. Potentially, the lack of effect
estimated by the models also indicates that the extent of organic area

had already reached a critical point beyond which the imposition of an

organic action plan could not conceivably result in increased farm-level

adoption of organic agriculture in the Czech Republic and Austria. Whereas

there was perhaps still latent capacity for organic area growth that
could be initiated effectively by an action plan in France and Sweden.

Additionally, the targets were much less ambitious in the Czech and
Austrian plans relative to those of France and Sweden. These results also are

likely an indication of decreasing marginal returns to action plans, whereby

the repetition of plans, combined with higher organic farmland shares

becomes increasingly less effective at delivering further organic farmland

area growth.

Table 1. Treatment effect predictions quantifying the difference between the observed and the predicted
growth estimations for organic area following the implementation of the action plans by the separate
synthetic control models of the four case studies. Values are relative changes.

Actual growth is the percentage difference between the organic area at the end of the evaluated period
relative to the organic area at the start of the organic action plan, if the area remained the same over that

period the value of this would be 100. The counterfactual growth is the trend growth that is predicted by
the synthetic control for the particular case assuming no treatment. The calculated treatment effect is thus

the percentage point difference between the actual growth and the counterfactual growth, i.e. the

difference between the observed and predicted organic farmland areas. This percentage point difference
therefore represents the share of the growth that is directly attributable to the organic action plan given our
stated assumptions and in lieu of tests of significance.

SGA Newcomer Award 2023 I 129



This thesis generates several key indications for policymakers. Firstly, the
results support the argument that organic action plans can be effective at

delivering growth, but they can also be confounded by other factors. This

implies that the success of action plans can be inhibited through extenuating

factors inherent in the planning, targeting and/or implementation
phases of the plans. Nevertheless, it remains a realistic proposition that
the initiation of a credible and financially backed organic action plan in a

country where no such plan has yet been implemented is likely to
positively affect the development of the organic industry in that country,
particularly if organic uptake is low versus potential. Inter-governmental
collaboration should be encouraged to this effect. Secondly, organic action

plans may be subject to decreasing marginal returns and success could be

dependent on the existing degree of organic coverage within the agricultural

sector. This could signify that successive EU organic action plans
based on similar sets of interventions may have a reduced leverage ability
for the scaling of organic agriculture. Therefore, more wide-reaching
incentives for adoption by farmers and for changes in consumer behaviour

may be required to meet the 25% target of farmland area to be

farmed organically by 2030.

Our analysis also has implications for further research. It would be pertinent

here to re-emphasise that the effectiveness of organic action plans
is clearly very context-specific. The performance will be highly related to
the contents, targets, financial means and political backing underpinning
the plan. Thus, additional studies and systematic assessments of policies

to foster organic agriculture are needed to improve our understanding of

exactly which type of interventions are most promising. Moreover, future
research shall strive to assess a wider range of success measures, i.e. go
beyond the share of organic farming. Finally, future research shall address

the heterogenous nature of action plans and their effects by using a

combination of qualitative and quantitative methods.



References
• Abadie, A., Diamond, A., Hainmueller, J., 2015. Comparative Politics

and the Synthetic Control Method. American Journal of Political Science

59, 495-510. https://doi.Org/10.1111 /ajps. 12116
• Abadie, A., Diamond, A., Hainmueller, J., 2010. Synthetic Control

Methods for Comparative Case Studies: Estimating the Effect of
California's Tobacco Control Program. Journal of the American Statistical

Association 105, 493-505. https://doi.org/10.1198/jasa.2009.
ap08746

• Abadie, A., Gardeazabal, J., 2003. The Economic Costs of Conflict: A

Case Study of the Basque Country. American Economic Review 93,

113-132. https://doi.Org/10.1257/000282803321455188
• Allaire, G., Poméon, T., Maigné, E., Cahuzac, E., Simioni, M., Desjeux,

Y., 2015. Territorial analysis of the diffusion of organic farming in France:

Between heterogeneity and spatial dependence. Ecological Indicators,

Examining the Impact of the Spatial Dimension of Rural Development
Policies on the example of EU second pillar (2007-2013) 59, 70-81.
https://doi.Org/10.1016/j.ecolind.2015.03.009

• Athey, S., Imbens, G.W., 2017. The State of Applied Econometrics:
Causality and Policy Evaluation. Journal of Economic Perspectives 31, 3-32.
https://doi.Org/10.1257/jep.31.2.3

• Cisilino, F., Bodini, A., Zanoli, A., 2019. Rural development programs'
impact on environment: An expost evaluation of organic faming. Land

Use Policy 85, 454-462. https://doi.Org/10.1016/j.landuse-
pol.2019.04.016

• Daugbjerg, C., Tranter, R., Hattam, C., Holloway, G., 2011. Modelling
the impacts of policy on entry into organic farming: Evidence from
Danish-UK comparisons, 1989-2007. Land Use Policy 28, 413-422.
https://d0i.0rg/l 0.1016/j.landusepol.2010.09.001

• EC, 2021. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee
and the Committee of the Regions on an action plan for the development

of organic production.

SGA Newcomer Award 2023 I 131



EU, 2018. Regulation (EU) 2018/848 of the European Parliament and of
the Council of 30 May 2018 on organic production and labelling of
organic products and repealing Council Regulation (EC) No 834/2007

[WWW Document], URL https://eur-lex.europa.eu/eli/reg/2018/848/oj
(accessed 6.24.22).
Ferman, B., Pinto, C., Possebom, V., 2020. Cherry Picking with Synthetic
Controls. Journal of Policy Analysis and Management 39, 510-532.
https://doi.org/10.1002/pam.22206
Fuller, R. j, Norton, L. r, Feber, R. e, Johnson, P. j, Chamberlain, D. e, Joys,

A. c, Mathews, F., Stuart, R. c, Townsend, M. c, Manley, W. j, Wolfe, M.

s, Macdonald, D. w, Firbank, L. g, 2005. Benefits of organic farming to

biodiversity vary among taxa. Biology Letters 1, 431-434. https://doi.
org/10.1098/rsbl. 2005.0357

Gabriel, D., Sait, S.M., Kunin, W.E., Benton, T.G., 2013. Food production

vs. biodiversity: comparing organic and conventional agriculture.
Journal of Applied Ecology 50, 355-364. https://doi.Org/10.1111/1365-
2664.12035
Gomlero, T., Pimentel, D., Paoletti, M.G., 2011. Environmental Impact
of Different Agricultural Management Practices: Conventional vs. Organic

Agriculture. Critical Reviews in Plant Sciences 30, 95-124. https://
doi.org/10.1080/07352689.2011.554355
Hertel, T.W., 2011. The Global Supply and Demand for Agricultural
Land in 2050: A Perfect Storm in the Making? American Journal of

Agricultural Economics 93, 259-275.
IFOAM, 2008. Definition of Organic Agriculture | IFOAM - Organics
International [WWW Document], URL https://ifoam.bio/why-organic/
organic-landmarks/definition-organic (accessed 6.14.22).
Jahrl, I., Moschitz, H., Stolze, M., 2016. Growing under the common
agricultural policy: the institutional development of organic farming in

Central and Eastern European countries from 2004 to 2012. International

Journal of Agricultural Resources, Governance and Ecology 12,

357-380. https://doi.org/10.1504/IJARGE.2016.080888



Khaledi, M., Weseen, S., Sawyer, E., Ferguson, S., Gray, R., 2010. Factors

Influencing Partial and Complete Adoption of Organic Farming
Practices in Saskatchewan, Canada. Canadian Journal of Agricultural
Economics/Revue canadienne d'agroeconomie 58, 37-56. https://doi.
org/10.1111/J.1744-7976.2009.01172.x
Läpple, D., Kelley, Fl., 2013. Understanding the uptake of organic
farming: Accounting for heterogeneities among Irish farmers. Ecological

Economics, Transaction Costs and Environmental Policy 88, 11-19.

https://doi.Org/10.1016/j.ecolecon.2012.12.025
Läpple, D., Rensburg, T.V., 2011. Adoption of organic farming: Are

there differences between early and late adoption? Ecological Economics,

Special Section: Ecological Economics and Environmental FHistory

70, 1406-1414. https://doi.Org/10.1016/j.ecolecon.2011.03.002
Lee, K.S., Choe, Y.C., Park, S.FL, 2015. Measuring the environmental
effects of organic farming: A meta-analysis of structural variables in

empirical research. Journal of Environmental Management 162, 263-
274. https://doi.Org/10.1016/j.jenvman.2015.07.021
Lindström, H., Lundberg, S., Marklund, P.-O., 2020. Flow Green Public

Procurement can drive conversion of farmland: An empirical analysis of

an organic food policy. Ecological Economics 172, 106622. https://doi.
org/10.1016/j.ecolecon.2020.106622
Mala, Z., Maly, M., 2013. The determinants of adopting organic
farming practices: a case study in the Czech Republic. Agric. Econ. - Czech

59, 19-28. https://doi.org/10.17221/10/2012-AGRICECON
Montanarella, L., Panagos, P., 2020. The relevance of sustainable soil

management within the European Green Deal. Land Use Policy 100.

https://doi.Org/10.1016/j.landusepol.2020.104950
Moschitz, Fl., Muller, A., Kretzschmar, U., FHaller, L., de Porras, M., Pfeifer,

C., Oehen, B., Willer, Fl., Stolz, Fl., 2021. Flow can the EU Farm to
Fork strategy deliver on its organic promises? Some critical reflections.
EuroChoices 20, 30-36. https://doi.org/10.1111/1746-692X.12294
Musshoff, O., Flirschauer, N., 2008. Adoption of organic farming in

Germany and Austria: an integrative dynamic investment perspective.

Agricultural Economics 39, 135-145. https://doi.
org/10.1111/J.1574-0862.2008.00321 ,x

SGA Newcomer Award 2023 | 133



Mzoughi, N., 2011. Farmers adoption of integrated crop protection and

organic farming: Do moral and social concerns matter? Ecological
Economics 70,1536-1545. https://doi.Org/10.1016/j.ecolecon.2011.03.016
Pe'er, G., Bonn, A., Bruelheide, H., Dieker, P., Eisenhauer, N., Feindt, P.H.,

Flagedorn, G., Plansjürgens, B., Plerzon, I., Lomba, Â., Marquard, E.,

Moreira, F., Nitsch, Pl., Oppermann, R., Perino, A., Röder, N., Schleyer,

C., Schindler, S., Wolf, C., Zinngrebe, Y., Lakner, S., 2020. Action needed

for the EU Common Agricultural Policy to address sustainability

challenges. People and Nature 2, 305-316. https://doi.org/10.1002/
pan3.10080
Pietola, K., Lansink, A., 2001. Farmer response to policies promoting
organic farming technologies in Finland. European Review of Agricultural

Economics 28, 1-15. https://doi.Org/10.1093/erae/28.1.1
Sanders, J., 2013. Evaluation of the EU legislation on organic farming
(Report). Thünen-Institut, Germany, Braunschweig.
Sanders, J., Stolze, M., Padel, S., 2011. Use and efficiency of public

support measures addressing organic farming (Report). Johann FHeinrich

von Thünen-Institut (vTI) - Federal Research Institute for Rural Areas,

Forestry and Fisheries, Braunschweig.
Schmidtner, E., Lippert, C., Engler, B., Häring, A.M., Aurbacher, J.,

Dabbert, S., 2012. Spatial distribution of organic farming in Germany:
does neighbourhood matter? European Review of Agricultural Economics

39, 661-683. https://doi.org/10.1093/erae/jbr047
Scialabba, N.E.-PI., Müller-Lindenlauf, M., 2010. Organic agriculture
and climate change. Renewable Agriculture and Food Systems 25, 158-
169. https://d0i.0rg/l 0.1017/S1742170510000116
Smith, Cohen, Rieser, C.J., Davis, A.G., Taylor, J.M., Adesanya, A.W.,

Jones, M.S., Meier, A.R., Reganold, J.P., Orpet, R.J., Northfield, T.D.,

Crowder, D.W., 2O1S0rensen, N.N., Tetens, I., Loje, Pl., Lassen, A.D.,
2016. The effectiveness of the Danish Organic Action Plan 2020 to
increase the level of organic public procurement in Danish public
kitchens. Public Health Nutrition 19, 3428-3435. https://doi.org/10.1017/
S1368980016001737

134 I SGA Newcomer Award 2023



• Squalli, J., Adamkiewicz, G., 2018. Organic farming and greenhouse

gas emissions: A longitudinal U.S. state-level study. Journal of Cleaner

Production 192, 30-42. https://doi.Org/10.1016/j.jclepro.2018.04.160
• Stolze, M., Lampkin, N., 2009. Policy for organic farming: Rationale and

concepts. Food Policy, Development of organic farming policy in Europe

34, 237-244. https://doi.Org/10.1016/j.foodpol.2009.03.005
• Tilman, D., Balzer, C., Hill, J., Befort, B.L., 2011. Global food demand

and the sustainable intensification of agriculture. Proceedings of the
National Academy of Sciences of the United States of America 108,

20260-20264.
• Tuck, S.L., Winqvist, C., Mota, F., Ahnström, J., Turnbull, L.A., Bengtsson,

J., 2014. Land-use intensity and the effects of organic farming on
biodiversity: a hierarchical meta-analysis. Journal of Applied Ecology 51,

746-755. https://doi.org/10.1111/1365-2664.12219
• Tuomisto, H.L., Hodge, I.D., Riordan, P., Macdonald, D.W., 2012. Does

organic farming reduce environmental impacts? - A meta-analysis of

European research. Journal of Environmental Management 112, 309-
320. https://doi.Org/10.1016/j.jenvman.2012.08.018

• Wheeler, T., von Braun, J., 2013. Climate Change Impacts on Global

Food Security. Science 341, 508-513. https://doi.org/10.1126/sci-
ence. 1239402

• Wilier, H., Trâvnicek, J., Meier, C., Schlatter, B., 2021. The World of
Organic Agriculture 2021 - Statistics and Emerging Trends. Research

Institute of Organic Agriculture FiBL and I FOAM - Organics International,
Frick and Bonn., CH-Frick and D-Bonn.

Contact:
Charles Rees

FiBL

Ackerstrasse 113

5070 Frick

charles.rees@fibl.org

SGA Newcomer Award 2023 | 135



2nd rank

Marta Tarruella

This master thesis was written under the supervision of Prof. Dr. Ralph
Winkler from the Oeschger Centre for Climate Change Research at the

University of Bern and Prof. Dr. Robert Finger and Dr. Rober Huber from
the Agricultural Economics and Policy group at ETH.

The cost of climate change mitigation on Swiss farms
Calculating marginal abatement costs considering dairy farms'
heterogeneity and measures interactions

Introduction
The agricultural sector must mitigate its greenhouse gas emissions if the

Paris Agreement targets are to be met (Clark et al., 2020; Rosenzweig et

al., 2020; Wollenberg et al., 2016). Knowing the cost-efficiency of mitigation

measures is key to supporting effective policymaking. Bottom-up
marginal abatement cost curves (MACC) are a widespread approach to
inform policymakers about the cost-efficiency and the potential of
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mitigation measures in the agricultural sector. MACCs order measures by

increasing marginal abatement costs (or decreasing cost-efficiency). The

mitigation measures are depicted as a bar, whose width indicates the
abatement potential, and the height corresponds to the marginal
abetment cost. This allows for identifying the most cost-efficient mitigation
measures for a given greenhouse gas emission reduction target. However,

a key challenge in interpreting these MACCs is that farms may have different

marginal abatement costs due to their structural characteristics. This

heterogeneity e.g., between large and small farms, is usually not captured

in MACCs of the agricultural sector as they consider average marginal
abatement costs among farmers.

In addition, implementing different mitigation measures on a farm might
lead to interactions between these measures. The interactions account
for the changes in marginal abatement costs when measures are applied
in combination instead of independently (stand-alone), as the influence of

one measure on other impacts the overall marginal abatement cost1.

Such interactions are rarely considered in MACCs. Thus, considering the

heterogeneity among farms and the interactions between measures
would help to improve the value of MACCs and ultimately the choice of

policies to reduce greenhouse gas emissions in agriculture (Eory, Pellerin,

et al., 2018; Eory, Topp, et al., 2018; Moran et al., 2008, 2011).

In this thesis, we aim at closing this research gap by answering how
interactions between mitigation measures and the heterogeneity between
farms affect the cost-efficiency of measures and thus, the development
of a MACC. We do so by developing a new approach using the detailed

bio-economic farm model FarmDyn. By running individual farm simulations,

we account for the interaction between four mitigation measures
that do not reduce food production and consider the heterogeneity in

; For example, when considering the interactions between a measure that reduces the herd (because of
an increase in the number of lactations, for instance), this will influence the marginal abatement costs of
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marginal abatement cost between 65 dairy farms in the Swiss case study

region "Flaachtal". Our approach also allows us to determine which farm
characteristics (such as size and number of dairy cows) affect the abatement

potential by using a multiple linear regression analysis.

Previous studies have already used simulation models to account for the

interaction between measures when developing a MACC. In some studies,

the interactions have been accounted and evaluated by experts,
which is a process that entails uncertainty in the results (Eory, Topp, et al.,

2018; MacLeod et al., 2010; Moran et al., 2011). Other studies employing
farm simulation models focus on finding the most cost-efficient combination

of mitigation measures under the imposition of a carbon price or

ceiling level for typical farms. However, none of these approaches
consider the influence of farm heterogeneity and the interaction of farms in

their simulations.

Source: Canva

Method
Our study focuses on 68 individual dairy farms from the Weinland region,
Canton of Zürich. We use census data that captures the characteristic

differences among farmers (see Kreft et al. (2020) for more details) and

the farm optimization model FarmDyn (see e.g., Britz et al., 2021) to
calculate the reductions in income and GHG emissions at farm-level when

applying the following mitigation measures and their interactions: i)

replacing concentrate feed with legumes grown on the farm, ii) increasing

the number of lactations per dairy cow, iii) applying manure using

trail hoses and iv) introducing feed additives to reduce enteric
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fermentation of cattle. Those measures were chosen based on their

potential to reduce emissions without compromising food production in

the Swiss dairy context. FarmDyn runs a simulation for each farm in our
sample calculating the changes in income and GHG for all possible
combinations of mitigation measures while also calibrating each of these

farms, based on their characteristics (such as arable land, available crops,
and animal units). With the simulations' results we can compute the
interaction effects by assessing the difference between the sum of standalone

measures and the case in which the combination measures are

applied. Moreover, using the simulations' outputs and the census data we

use a multiple linear regression model to assess the influence of farm
structural heterogeneity on the greenhouse gas abatement potential.

Results
The results show that when the four most cost-efficient combination of

measures are applied, the percentage reduction of emissions with respect

to the baseline is 16%. Moreover, by accounting for the interactions

between measures, the total average abatement cost is reduced by 65.5%,
i.e., from 197CHF/tC02-eq for the stand-alone to 68 CHF/tC02-eq for the
MACC with interactions. However, considering interaction effects also

reduces the abatement potential by 1.62%. Our MACC not only accounts
for the interaction between measures, but also includes the heterogeneity
in marginal abatement costs among farmers (represented by standard

error bars in Figure 5.3 pg. 22 of the thesis). To our knowledge, farm

structural heterogeneity has not been reported in MACCs. The consideration

of this heterogeneity has important implications for policy design.
For instance, if a price for C02 would be introduced (i.e., taxing greenhouse

gas emissions), the consideration of structural heterogeneity
implies that not the full abatement potential would be achieved but that
some farms would still be better off by paying a C02 price rather than

reducing greenhouse gas emissions. Without considering this

heterogeneity, MACCs overestimate the potential of C02 prices because they
would imply that the corresponding potential is fully achieved. In addition,

our MACC also allows to identify mitigation measures that imply cost

savings while reducing GHG emissions.
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The results from the regression analysis show which farm characteristics

explain the abatement potential of GHG emissions. Based on the relationship

between the farm characteristics and the abatement potential (i.e.,

whether it is positive or negative), we can interpret how the different
farm attributes relate to the mitigation measures. We find that characteristics

related to farm size, i.e., in terms of arable land and number of dairy

cows, has a significant positive linear relationship with the abatement

potential. This can be linked to the fact that an increase in arable land

allows to replace crops by livestock fodder, as suggested by measure i)

replacing concentrate feed with legumes grown on the farm. Moreover,
farmers with higher values of arable land can have more dairy cows,
meaning that dairy cows suppose an opportunity to abate GHG emissions,

as the associated emissions can be directly addressed with measure
ii) increasing the number of lactations per dairy cow. Therefore, an increase

in arable land and dairy cows implies an increase of the farm's opportunity

to increase abatement potential.

Conclusion & Policy implications
The results of this master thesis highlight the importance of accounting
for the interactions among climate change mitigation measures as well as

the heterogeneity of marginal abatement costs among farms. Considering

the interactions between measures implies that a higher cost-efficiency

can be achieved with little trade-offs with respect to the total abated

emissions. From a policy perspective, these results provide information
about the most cost-efficient mitigation measures when considering
interactions and structural heterogeneity. This has implications on how to
design policy incentives such as direct payments. For instance, if
payments are granted based on the application of certain mitigation measures

(i.e., for the use of feed additives), policymakers should consider the

possible reduction in abatement costs due to interactions with other
mitigation measures already implemented (having more lactations). Moreover,

our results also help policymakers identify which are the farm characteristics

that influence the most the abatement potential of the considered

measures, and thus, tailor policy incentives to certain farm types.
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Including the heterogeneity in marginal abatement costs in the MACC

also helps identifying the uncertainty in achieving abatement targets.

While this study provides a new approach to develop MACCs, our results

could be improved by considering further mitigation measures and extending

our sample and considering other production types. In addition, despite

reducing 16% of the emissions with the considered measures, further

mitigation efforts need to be taken to meet international reduction goals.
This implies that future research should focus on accounting for changes
in production as well as a reduction in meat consumption.
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Price risks in milk markets - does geographical indication matter?

Simon Hug

The economic importance of ruminant-based milk products is vital for a

country with a lot of natural grassland like Switzerland. At 2.47 billion

Swiss francs, dairy farming accounts for a quarter of Switzerland's total

agricultural production value (Federal Office for Statistics, 2021).

Simultaneously, agriculture is strongly characterised by two limiting key
attributes: uncertainties and risks. Sources thereof often lie in markets,
institutions or production itself and have led farmers to a large and growing
portfolio of risk management strategies (Meraner & Finger, 2019). In

Swiss dairy production, price risks are the major source of farmers' revenue

risks and may even increase through further market liberalisation
and deregulation (El Benni & Finger, 2013). In the past, government
support for the dairy market was able to provide some stability to farmers.

Flowever, for the future, strong, market-based risk management tools

are crucial to meet the challenges of fluctuating raw milk prices and to
remain consistent with the WTO Agreement on Agriculture to reduce

producer subsidies (Huber, 2022).
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One promising approach to dealing with risks in a more market-oriented

manner comes with a quality strategy that promotes less easily substitu-
table goods (Hillen & von Cramon-Taubadel, 2019). Products that are
differentiated in terms of their geographical origin can lead consumers to
perceive them as superior and increase their willingness to pay (Men-

apace et al., 2011). A solution that bears the potential to stabilise the
Swiss milk market, which has been characterised by price fluctuations and

overproduction since the abolition of milk quotas in 2009 (Forney &

Häberli, 2014). With the label "Appellation d'origine protégée" (AOP),

Switzerland already has a means of differentiating cheese - the most

important use of milk (Swiss Milk Producers et al., 2020) - in terms of
geographical origin. While recently published studies address the issue of

price risks for agricultural products through vertical transmission analyses

(Hillen, 2021) or price volatility dynamics in entire value chains of geographically

indicated products from other European countries (Ferrer-Pérez

et al., 2020), the impact of the AOP label as a market-based risk instrument

in the Swiss cheese milk market has not been sufficiently understood

so far.



Linking to this research gap, the master's thesis contributes to the question

whether and how the Swiss geographical indication (Gl) label "Appellation

d'Origine Protégée" (AOP) influences the dynamics in cheese milk

prices in two ways. First, horizontal price transmission analyses were
conducted on farm-gate producer milk prices paid by cheese producers that

process milk into Gruyère AOP, Emmentaler AOP, other artisanal cheese,

industrial cheese or other dairy products. A vector autoregression model

(VAR) and a vector error correction model (VEC) were estimated to detect

horizontal price transmission effects for each combination of price pairs.

Second, analyses on horizontal volatility spill-over effects were carried out
by estimating BEKK-MGARCH models according to Engle & Kroner, 1995.

All empirical analysis steps were performed for milk prices provided by the
Federal Office for Agriculture at both national and regional levels for the

period from January 2000 to December 2021. Through this spatial and

temporal division, the research focus was particularly laid on determining
how the prices and price volatility of milk processed into AOP-labelled

cheeses are affected by prices and price volatility of other milk channels,

and vice versa.
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Capturing the extent of variability in relation to the respective mean, the

coefficient of variation (CV) was compared for all milk markets considered
in the study. Within each region, the CV were lowest for the AOP cheeses

and artisanal cheeses. This highlights that for a specific region, the AOP and

artisanal cheese milk prices were less volatile than industrial cheese milk

prices and prices for dairy milk. When comparing between the regions, it

particularly stands out that Gruyère AOP cheese milk prices showed

exceptionally low coefficients of variation. The CV of industrially processed cheese

milk and dairy milk prices, on the other hand, were high for all regions.

The results from the VAR model revealed that prices for dairy milk were a

strong determinant for industrially processed cheese milk prices and other
artisanal cheese milk prices, but not for Gruyère AOP milk prices. For both

Gruyère AOP and Emmentaler AOP milk prices significant transmission

effects from industrially processed cheese milk prices could be observed,
while no or only few transmission effects in the opposite direction were
significant. The VEC model applied to the few price pairs that showed

significant cointegration indicated transmission effects from other dairy
milk prices on Emmentaler AOP milk prices. The magnitude of this
transmission was, however, smaller than the transmission of dairy milk prices

on industrially processed cheese milk. Overall, dairy milk prices proved to
be a stronger determinant for industrially processed cheese milk prices
than for Emmentaler AOP, Gruyère AOP or artisanal cheese milk prices.

The results from VAR and VEC models, therefore, support Gruyère AOP

milk prices to be strongly resilient against short-term transmission effects
from most other milk markets.

When it comes to volatility dynamics, the results from the BEKK-MGARCH

model demonstrated that there were significant volatility spill-over effects
between some price pairs. The resilience of Gruyère AOP against volatility
spill-over effects from industrially processed cheese and dairy milk price
volatilities was significantly strong. However, Emmentaler AOP seemed to
be dependent on volatilities of other milk markets. Industrially processed
cheese milk price volatility proved to be resilient against volatility spill-over
effects from any milk market considered in the study.
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Overall, the comparison of the coefficients of variation highlights that
Swiss farmers producing milk for Gl cheese have been exposed to lower

price fluctuations over the last twenty years than milk producers for
industrial cheese or the dairy channel. Furthermore, the empirical findings
of the horizontal price transmission and volatility spill-over analyses confirm

the importance of GIs as market-based means to reduce price risks in

Swiss milk markets. The price transmission effects from dairy milk prices

were stronger for industrial cheese milk prices without Gl labels than for
milk prices for cheeses with Gl labels Gruyère AOP and Emmentaler AOP.

Milk prices for Gruyère AOP in particular proved to be resilient to volatility
transmission effects from other prices, supporting the lower vulnerability
of milk prices for Gl cheese to volatility spill-over effects from other
cheese and dairy milk markets. Although governance of intellectual

property rights like GIs comes with additional costs, geographic indications

are able to generate welfare gains (Moschini et al., 2008). Price risks can

be moderated and the increased product transparency allows for better
informed customer choices (Bramley et al., 2009). Ultimately, policy
makers might improve market stability for Swiss dairy farmers, who
produce milk for cheese by strengthening and expanding sales promotion
through geographical indications.

The results of this thesis give rise to a number of considerations for future
research. Transmission analyses in markets for AOP products other than
cheese milk will increase the external validity and the extent of causal

identification regarding the impact of Gl labelling on Swiss producer
prices. Additional insights could further be generated with a more holistic

approach. Eventually, looking at a system rather than the bivariate case

and also accounting for vertical transmission effects, as suggested by
Hillen, 2021, could enable comparisons in price and volatility dynamics of
whole value chain networks.
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