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Summary
In this paper we investigate the possibilities for doing a comprehensive CGE based economic analysis
of how complying with the EU Effort Sharing Decision of the targets set for the period 2021-2030 for
the sectors outside the GHG quota system may affect agricultural production and trade, not only in
Denmark but in all EU-28 member states. The analysis revealed that results from the scenarios
designed using the data from the GAINS model had some properties that led to counter-intuitive
changes in production and trade patterns across the EU. This was especially due to questions raised
regarding the marginal abatement costs of reducing GHG emissions from agricultural sectors in the
different countries. Therefore, it was decided not to move further with the CGE analysis.

Introduction
New GHG (GreenHouse Gas) emissions targets are to be set by the EU Commission under the ESD2 for
the period 2021-2030. As for the previous resolution, these targets concern the main GHG emitting
sectors not included in the ETS3 system: agriculture, transport, waste and heating.
Different targets have been set for the EU countries based on GDP per capita and taking into account
cost-effectiveness. Although the modalities are not entirely set – and negotiations are still ongoing – a
general target of 39 per cent emissions reduction (compared to 2005 levels) has been suggested for
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Denmark. As a comparison, the Danish target for the 2013-2020 period was a 20 per cent emissions
reduction (compared to 2005 levels).
In this report, we investigate the possibilities for doing a comprehensive CGE based economic analysis
of the effects on agricultural production and trade of complying with the ESD 2030 targets suggested
by the EU Commission.

Methodology and Data
To develop policy relevant scenarios, a review of the literature of relevant measures and policies for
GHG reductions in the agricultural sector across EU countries is initially performed, that is evaluating
the options for mitigating GHS emissions in various countries taking into account the variations in
marginal abatement costs. The International Institute of Applied Systems Analysis (IIASA) could
provide this information in terms of the GAINS model4 (Höglund-Isaksson et al., 2016). Data on
abatement costs and abatement potential for the agricultural sector in each EU member state can then
be used for designing policy shocks to be implemented in the CGE5 model GTAP6. This enables us to
evaluate the effects of different approaches to implementing the targets in the non-ETS sectors on
agricultural production in the EU – and Denmark in particular.
Figure 1 illustrates the steps of the proposed steps in the analysis. In the following, we will elaborate
further on the methodology.
Figure 1. Steps of the analysis

Scenarios are described
in terms of reductions in
GHG emissions from the
agricultural sector in
each EU member country

Changes in production
costs in each agricultural
subsector are estimated
using IIASA's assesment
of marginal abatement
costs

The GTAP model
4
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Changes in production
costs is used as "shocks"
in GTAP to model effects
on production and trade
for agricultural
commodities

The motor of the analysis is the GTAP model, a multiregion, multisector, computable general
equilibrium model, with perfect competition and constant returns to scale. The model was developed
to quantify effects on production, consumption and trade of commodities – including agricultural
commodities that are subject to policy changes. In particular, the GTAP model and its associated
database provide input-output linkages across different agricultural sectors and between agriculture
and the rest of the economy (Brockmeier, 1996). The model and database cover individual EU member
states – as well as virtually all the important economies outside of the EU. The model is therefore able
to assess effects spanning beyond the EU region. Through bilateral trade linkages at sectoral levels,
GTAP can also trace through the transborder effects of assumed shocks, thereby enabling the model to
capture potential leakages associated with simulated changes in production and trade patterns. Data is
the information source that combines diverse elements into consistent snapshots of the global
economy. GTAP have high barriers to entry according to data and software. The database is updated
annually and is increasingly used on climate change policy.

The IIASA data
To analyse our policy changes (or “shocks”) in GTAP, we have used data from the GAINS model kindly
provided to us by the International Institute of Applied Systems Analysis (IIASA) encompassing
abatement costs and abatement potential for the agricultural sector in each EU member state
(Höglund-Isaksson et al., 2016).7
At the core of GAINS is an optimization procedure finding optimal cost-efficient solutions for emission
reductions. For each pollutant and country, cost curves are constructed where the different emission
reduction technologies are ranked according to their per unit abatement costs, and hereby a marginal
abatement cost curve (MAC curve) is approximated. Then using the MAC curve, a cost minimizing
strategy is developed by using cost-efficient technologies first until the accumulated emissions
reductions correspond to the policy target. GAINS adopts a private (that is, industry) perspective. The
mitigation costs obtained are therefore those that would meet the agricultural sector agents.8 In IFRO

IIASA has granted IFRO the right to extract and use the dataset “Marginal abatement cost curve for non-CO2 GHGs in
EU-28 agricultural sector for year 2030” to be used in the project “The impacts of regulating GHG emissions in the
Danish agricultural sector”. The data remains the property of IIASA, and IFRO cannot publicize the IIASA data or
forward the data to a third party. IFRO acknowledges IIASA as source and data owner.
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In contrast, Danish authorities use a different approach: The Catalogue of Danish Climate Change Mitigation Measures
(Inter-ministerial working group, 2013), is based on a welfare economic method, which is in line with the guidelines on
welfare economic analysis from the Danish Ministry of Finance. In particular, it focuses on computing a Social Shadow
Cost of Carbon. It is therefore a “social" perspective that is adopted (rather than a private one as in GAINS). The report
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measures, to obtain an overall assessment of the most cost-effective mitigation measure from a welfare economic
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3

Documentation 2017/8, we describe the method and assumptions in the GAINS model and compare it
to the work of Danish GHG mitigation costs form agriculture by Dubgaard et al. (2013).
The mitigation potential assessed in the GAINS model refers to feasible reductions in emissions
through adoption of mitigation technologies defined as installations or applications of physical
equipment or material or modifications in physical parameters affecting emissions. Non-technical
mitigation options that involve changes in human behaviour and preferences, for example changes in
human diets towards consumption of less meat and milk products, are excluded from the analysis. In
GAINS, mitigation costs per unit of activity are calculated as the sum of investment costs, labour costs,
non-labour operation and maintenance costs, cost-savings due to recovery or saving of electricity, heat
or gas, and non-energy cost savings.
In regards to the specific mitigation measures, the GAINS model considers the following ones, which
generally apply to all member states, although with different mitigation potential in each country:


Abandoning of agricultural use of organic soils



Ban of open burning of agricultural waste



Breeding through selection to enhance feed efficiency



Farm-scale anaerobic digestion



Feed additives and/or changed feed management practices



Intermittent aeration, alternative hybrids and sulphate amendments



Nitrification inhibitors



Precision farming



Variable rate technology (better timing of fertilization).

Table 1 below summarizes the total annual abatement cost and total GHG abatement in the
agricultural sector of each country, if all mitigation measures in the model were to be implemented to
their full potential.
What does not show from the table, is that a number of measures are assumed to have zero marginal
abatement costs and, further, for some measures, large differences are seen for the abatement costs in
different countries. For instance, in the GAINS estimation of CH4 mitigation costs, energy recovery
from biogas production or reduced leakage of natural gas during production, transmission and
distribution is valued at the electricity or gas consumer price. This implies that implementing farmscale anaerobic digestion, which allows farmers to sell biogas, should be feasible at no cost for farmers
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with farms with more than 100 Livestock Units, which seem to be a rather optimistic assumption (see
for example Jacobsen et al. 2014).
Table 1. Mitigation costs and abatement potential in agriculture – GAINS

Note: The table shows total annual abatement cost and total GHG abatement in the agricultural sector
of each country, if all mitigation measures in the GAINS model are implemented to their full potential.
Source: Own calculations based on Höglund-Isaksson et al. (2016).
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Another thing is that for a number of other measures, the MAC is equal in all EU countries. This seems
questionable due to known differences in for example labour costs and farm productivity. One
example of equal MAC in all EU countries is the measure “abandoning agricultural use of organic soils”.
Intuitively this seems highly unexpected as it implies that the Ricardian land rent from agricultural
activities on organic soils should be uniform across EU countries (or that the GHG emissions
reductions varies between countries in such a way that it outweighs the differences in land rent).
Another example is “precision farming”, where MAC is given for three farm sizes but with no
differences between countries. For this measure, it is also notable, that it was left out of the Danish
catalogue of measures (Dubgaard, 2013) because of difficulties related to defining the effects
unambiguously.

The EcAMPA 2 study
The analytical question of the structural effects of GHG targets has previously been addressed in a
study commissioned by the Joint Research Center report on mitigation efforts for the European
agricultural sector (Pérez Domínguez et al., 2016) – also called the EcAMPA 2 study. The main results
from the EcAMPA 2 study are that European agricultural production is negatively affected by the
imposition of unilateral GHG mitigation targets to EU member states. Regarding Denmark, the results
from the EcAMPA 2 study show production decreases ranging from 5.9 per cent to 16.1 per cent in
beef production (tons); 1.4 per cent to 4.1 per cent in milk production; 0.2 per cent to 5 per cent in
pork production; but an increase from 0.8 per cent to 3.1 per cent in the cereal area.
However, there are a number of critical choices made in the EcAMPA 2 study. Some of these choices
reflect basic assumptions for the scenarios, which differ from the proposal put forward by the EU
Commission, and some relate to adjustments made to the abatement costs in the GAINS model.
In the EcAMPA 2 study, the mitigation policy scenario departs from an overall reduction of agricultural
GHG emissions in the EU-28 of 20 per cent in 2030 compared with 2005. The overall target is allocated
into targets per member state following a “cost-effective” allocation of mitigation efforts. This method
results in mitigation targets for each member state that are rather different from the ESD targets
announced by the Commission.9 In particular, the targets considered in the EcAMPA 2 study tend to be
much lower for the EU-15 member states (including Denmark), while they are substantially higher for
the EU-N13 countries. The main reason for the discrepancy between the country targets in the
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EcAMPA 2 study and the proposal by the Commission is differences in the abatement costs across
measures and countries.
Further, although the EcAMPA 2 study also relies on the GAINS model, the mitigation costs are
adjusted by adding “other costs not accounted for in that database” (Pérez Domínguez et al., 2016).
These “other costs” are motivated by the fact that the GAINS abatement costs disregard the
implementation costs at the farm level. Thus, to overcome the costs of adoption of new technologies, it
is assumed that farmers will need to receive subsidies that vary between 80 and 120 per cent of the
marginal cost of a given technology. It is clear that this substantially adds to the costs of the GAINS
model, and thus must implicitly be seem as a criticism of the GAINS model. On the other hand, the
corrections of the cost estimates in the EcAMPA 2 study also lack documentation, which makes it
difficult to validate these as well.
Finally, the EcAMPA 2 study relies on the Common Agricultural Policy Regional Impact10 model, which
is a Partial Equilibrium model focusing on the agricultural sector. Thus, the model ignores the linkages
between agricultural sectors and the rest of the economy that would be captured if using a CGE
approach such at the GTAP. The differences in the two modelling approaches tend to pull in a direction
where the effects of a given policy shock will be higher using the CAPRI model compared to the GTAP
model, and it would be interesting to investigate the impact of these differences in debt in a policy
analysis context.

Discussion and conclusions
The aim of this work was to investigate the possibilities for doing a comprehensive CGE based
economic analysis of the changes in agricultural production and trade of the EU ESD targets set for the
period 2021-2030, not only in Denmark but in all EU-28 member states..
To develop policy relevant scenarios, the analysis departs from evaluating the costs of mitigating GHS
emissions in various countries. Data on abatement costs and abatement potentials for the agricultural
sector in each EU member state was retrieved from the International Institute for Applied Spatial
Analysis (IIASA), the so-called GAINS model. Thereby we use the same data as used by the EU
Commission.
Preliminary results from the GTAP analysis showed that the scenarios designed using the GAINS
model had some properties that led to counter-intuitive changes in production and trade patterns
across the EU countries. This was especially due to questions raised regarding the marginal abatement
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costs of reducing GHG emissions from agricultural sectors in the different countries. Especially,
problems stem from the fact that some sectors had nominal values of zero for the marginal abatement
costs, and that these estimates could not be verified by other sources. Thus, compared to existing
partial Danish estimates of marginal abatement costs (Dubgaard et al., 2013), it seem that the GAINS
estimates are very conservative. For this reason, we decided not to move further with the CGE
analysis.
Thus, the insights from this work reveal that there is a need for developing a consistent analytical
framework for assessing economic costs and changes in production and trade at the EU level resulting
from GHG targets in the non-ETS sectors. The work has revealed some questionable issues relating to
the GAINS cost data and more generally to the transparency of the data and studies that form the basis
of the new GHG emissions targets suggested by the European Commission under the Effort Sharing
Regulation for the period 2021-2030. The models for analysing the structural changes in agricultural
production and trade are available, but further work needs to be done in order to estimate and
validate the abatement costs of GHG measures in the agricultural sector consistently across countries.
Consolidated abatement cost estimates will enable the building of consistent scenarios with a clear
interpretation from the farm level to the aggregated level.
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