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Mitigation of greenhouse gas emissions in EU agriculture: An assessment of the costs of reducing agricultural emissions and enhancing carbon sinks in agricultural soils St´ephane De Cara and Pierre-Alain Jayet Institut National de la Recherche Agronomique, UMR Economie Publique INRA INA-PG, France Abstract. We use an updated version of the model described in De Cara et al. (2005) to assess marginal abatement costs of agricultural emissions and analyze the mitigation potential of carbon-friendly tillage practices. Without any specific incentive to adopt alternative tillage practices, agricultural emissions are reduced by 4% at a 20 e/tCO2 eq price. Marginal abatement cost heterogeneity is found to be an important feature both between and within regions. We then include in the analysis the changes in costs, yields, and net emissions associated with a (sustained) change from conventional to reduced or minimum tillage. At the farm-type level, the adoption of any of the three examined tillage practices is made endogenous. The results indicate that, if carbon sequestration is rewarded, the total abatement reaches 6.2% of agricultural emissions at a 20e/tCO2 eq price. Keywords: Climate change; greenhouse gas emissions; agriculture; methane; nitrous oxide; carbon sequestration; tillage; marginal abatement costs. JEL codes: Q25, Q15
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Introduction Greenhouse gas (GHG) emissions from EU agriculture total about 405 MtCO2 eq or 10% of European emissions1 . Nitrous oxide emissions (from fertiliser application and manure management) represent approximately 210 MtCO2 eq, while methane emissions (from enteric fermentation, manure management, and rice cultivation) account for about 195 MtCO2 eq. Mitigation options in agriculture have drawn increased attention in the recent years (Bates, 2001). In the recent empirical literature about GHG emissions from agriculture, abatement cost curves have been estimated at various scales. McCarl and Schneider (2001) provide a comprehensive assessment of GHG abatement costs in US agriculture. Their approach includes CH4 and N2 O emissions as well as CO2 emissions resulting from fossil fuel use in agriculture and carbon sequestration in soils and above-ground biomass (see also Schneider and McCarl, 2003). De Cara and Jayet (1999; 2000) address the issue of GHG mitigation abatement costs for French agriculture. In addition to N2 O emissions from the use of synthetic fertilisers and CH4 emissions from enteric fermentation, the authors account for the possibility of carbon sequestration in agricultural soils through the conversion of set-aside land into agro-forestry. Estimates for EU-wide abatement costs of methane and nitrous oxides have been recently published at various resolutions (NUTS2 regions in P´erez Dom´ınguez, 2005; farm-types based on FADN regions in De Cara et al., 2005). The results are based on an updated version of the model described in De Cara et al. (2005), a mathematical programming, farm-type based model of European agricultural supply. Changes from that version most notably include a revised typology of European farms and the use of more recent accountancy data from the FADN. The use of this model for GHG abatement costs assessment purposes is extensively discussed in De Cara et al. (2005). The farm-type approach has the advantage to underline the importance of the heterogeneity of abatement costs within the EU. The heterogeneity of abatement costs is examined both at infra-regional (farm types) and regional (FADN regions) levels. By construction, aggregate approaches, which rely on country- or regional aggregated models, fail to encompass the variety of farming systems that exists in the EU (P´erez Dom´ınguez et al., 2003, p. 7). As a direct consequence, they tend to under-estimate an important source of abatement cost heterogeneity. Another important dimension of GHG mitigation in agriculture lies in the possibility of sequestering carbon in agricultural soils through, for instance, the adoption of more carbon1



Based on 2001 emissions of methane and nitrous oxide from agriculture as reported by the EU in its 2003 communication to the UNFCCC and converted into CO2 using the 2001 Global Warming Potentials (Houghton et al., 2001).
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friendly tillage practices. In addition to allow for greater accumulation of carbon stock, less intensive tillage practices have implications on the structure of production costs and agricultural productivity (Lankoski et al., 2006). In order to assess the mitigation potential resulting from such practices, comprehensive modeling approaches are thus needed. Environmental results from a bio-physical model, combined with results from a previous cost analysis of alternative tillage practices are included in the economic model in order to examine the incentives to adopt such practices as a function of the social value attached to GHG emissions. This report is organized as follows. Section 1 briefly describes the mathematical programming agricultural model underlying the results. Section 2 is devoted to the description of the sources of GHG emissions and the method used to compute agricultural emissions. Section 3 presents and discusses the aggregate abatement supply as a function of the CO2 value, as well the relative weights of each source in total abatement. In this section, the heterogeneity of abatement costs is illustrated and analyzed both at the inter- and infra-regional levels. Section 4 focuses on incentives to adopt alternative tillage practices and on their potential contribution to the optimal mitigation mix.



1. Modeling approach This section summarizes the modeling approach, with a particular emphasis on the changes that have been made to the model compared to the version described in details in De Cara et al. (2005). The model consists of a set of independent, mixed integer and linear-programming models. Each model describes the annual supply choice of a given ‘farm type’ (denoted by k), representative of the behaviour of νk ‘real’ farmers. The farm-type approach allows for representing the wide diversity of technical constraints faced by European farmers. Each farm type k is assumed to choose the supply level and the input demand (xk ) in order to maximize total gross margin (π k ). In its most general form, the generic model for farm type k can be written as follows:



max πk (xk ) = gk · xk xk s.t. Ak · xk ≤ zk xk ≥ 0



(1.1) (1.2) (1.3)



where xk is the n-vector of producing activities for farm type k, and gk is the n-vector of gross-margins. Ak is the m × n-matrix of the coefficients associated with the n producing ac-
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tivities and defining the m constraints, and zk the m-vector of the right-hand side parameters (capacities). The components of xk include the area and output for each crop (distinguishing between on-farm and marketed production), animal numbers in each animal category, milk and meat production, and the quantity of purchased animal feeding. gk contains the gross margin corresponding to each producing activity: revenue (yield times price) plus –when relevant– support received, minus variable costs. As the emphasis is put on the farm-type level, each farm-type is assumed to be price-taker. All input and output prices defining the components of gk are thus kept constant. Twenty-four crop producing activities are modeled. They represent most of the European agricultural land use. The set of crop producing activities includes fallow as well as the different CAP set-aside requirements. Crop production can be directly sold in the market or used for animal feeding purposes (feed grains, forage, pastures). In the latter case, the corresponding component of gk only represents the variable cost of growing feed crops. Feedstuff can also be purchased. As for livestock, thirty-one animal categories are represented in the model (27 for cattle plus sheep, goats, swine and poultry). The technically feasible production set is bounded by the constraints defined by Ak and zk . The interested reader is referred to De Cara et al. (2005) for a detailed description of the model set-up and constraints. The constraints include: (i) crop and grassland area availability (subject to rotation constraints summarized in maximal area shares); (ii) the number of stable places at the farm-type level constrains animal numbers to vary in a ±15% range of the initial animal numbers; (iii) constraints reflecting demographic equilibrium in the distribution by age and sex classes of cattle numbers; (iv) animal feeding contraints (energy/protein requirements and maximal quantity of ingested matter for each animal category); (v) constraints related to the CAP measures (pertaining to ‘Agenda 2000’: set-aside requirements, milk and sugar beet quotas, inclusion of fodder maize in arable crop payments, extensification payments). The computation of the parameters defining Ak , zk and gk , and the baseline levels of producing activities (x0k ) proceeds in three major steps: (i) selection, typology, and grouping of sample farms into farm types, (ii) estimation of the parameters, and (iii) calibration. The primary source of data is the Farm Accounting Data Network (FADN). The parameters have been updated based on the 2002 FADN dataset (revenues, variable costs, prices, yields, crop area, animal numbers, support received, type of farming). This dataset is available at a regional level (101 regions in the EU-15). Because of the annual nature of the model, sample farms defined as ’Specialist horticulture’ and ’Specialist permanent crops’ are excluded (types of farming 2 and 3 in the FADN classification). The analysis is thus restricted to the remaining population of the farmers, representing annual crop and livestock farmers. This restriction is
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important to keep in mind when analysing the results, as the excluded farms may represent a significant share of total agricultural area and fertiliser use in some regions. The selected sample farms are then grouped into ’farm types’ (or ’farm-groups’). The typology has been updated compared to that of De Cara et al. (2005). Four variables are used in this typology: (i) region (101 regions in the EU-15); (ii) average elevation (3 elevation classes: 0 to 300 m, 300 to 600 m, and above 600 m); (iii) main type of farming (14 types of farming in the FADN classification); (iv) economic size. Automatic classification techniques are used to address the following trade-off. On one hand, the number of sample farms grouped in any farm type has to be large enough to comply with confidentiality restrictions (at least 15 sample farms for each farm type) and to ensure the robustness of the estimations. On the other hand, the total number of farm types has to be as large as possible to reduce the aggregation bias at the regional level. Each farm type thus results from aggregation of sample farms that are located in the same region, are characterized by similar type(s) of farming and size(s) and belong to the same elevation class(es). 1074 farm types are thus obtained. Each farm type is associated with a specific supply model as defined by (1.1)–(1.3). Each individual farm in the FADN sample is associated with a weight indicating its representativeness in the regional population. The individual weights of sample farms that are grouped into farm type k are aggregated (νk ) and used to extrapolate the results at the regional level.



2. GHG emissions from agriculture The emission accounting method used in this report closely follows the one adopted in De Cara et al. (2005). It combines the use of country-specific activity data –such as animal numbers, crop area, fertiliser use, manure management systems, etc.– and emission factors. Each emission source is linked to the levels of the relevant endogenous variables in the model (see Table I). Country-specific emission factors are used whenever available in the 2003 National Communications to the UNFCCC. Otherwise, the IPCC default values are used (Intergovernmental Panel on Climate Change, 2001). N2 O emissions from agricultural soils depend upon total nitrogen inputs. In the model, quantities of nitrogen applied to soils are driven by the optimal crop area mix. For each farm type k, per-hectare fertiliser expenditures for each crop are estimated from the FADN. For each crop and each country, two fertilisers are chosen among the commercial fertilisers listed in FAOSTAT and Eurostat databases. These databases cover the most commonly used fertilisers in each country. In addition, a mass ratio between the two fertiliser types is computed based on current standard agricultural practices for each crop. Prices and nitrogen content of the two fertiliser types are taken from the FAOSTAT and Eurostat databases.
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Table I. Summary of GHG emission sources accounted for in the model Emission sources N2 O Agricultural soils Direct Emissions Use of synthetic fertilisers Manure application Biological N fixation Crop residues Animal production Indirect Emissions Atmospheric deposition Leaching and run-off N2 O Manure management CH4 Manure management(∗) CH4 Enteric fermentation(∗) CH4 Rice cultivation (∗)



Activity data



Linked to



N fertiliser application N excretion by animals Production of N-fixing crops Reutilization of crop residues N excretion by grazing animals



Crop area Animal numbers N-fixing crop area Crop area Animal numbers



Total N application Total N application Animal numbers Feed energy intake Feed energy intake Rice area



Crop area and animal numbers Crop area and animal numbers Animal numbers Animal feeding and animal numbers Animal feeding and animal numbers Rice area



Further disaggregated into: Dairy cattle, non-dairy cattle, sheep, goats, swine, and poultry.



They are weighted according to the mass ratio to derive a representative composite fertiliser and to compute the per-hectare nitrogen amount applied to each crop and for each farm type. It is important to note that this approach relies on constant per-hectare nitrogen inputs for each crop and each farm type. Nitrogen inputs and crop yields are indeed exogenous and kept constant in the subsequent simulations. Emission factors, as well as volatilization and leaching parameters are taken from each Member State’s National Communication to the UNFCCC. As for biological fixation and nitrogen in crop residues, the values of relevant parameters –such as nitrogen content, crop/residue ratio, and dry matter fraction– are also taken from the National Communications or the IPCC defaults, depending on availability. Methane emissions from both enteric fermentation and manure management depend on the energy content of feed intake for each animal category. In the simplest form of methane inventories, the Intergovernmental Panel on Climate Change (2001) recommends to use average energy requirements for each animal category to derive methane emissions. In short, this implies a constant energy intake for any given animal category, and therefore constant emission factors on a per-head basis. In this case, animal numbers are the only driver of methane emissions. The approach retained in this report is more general and more flexible. In the model, animal feeding is endogenous. The total energy intake by each animal category can thus be derived from the optimal quantity and composition of feed. Emissions are therefore computed by using the (animal-category dependent) share of total energy intake by animal category lost as methane. As a result, methane emissions are driven, not only by animal numbers, but also by the composition of animal feeding.
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Manure can be either applied to crops, deposited directly on soils by grazing animals, or stored/treated using different management systems. The total production of manure-related nitrogen is computed as the product of nitrogen content of manure –defined for each animal category– and the corresponding animal numbers. Nitrogen excretion average rates for each animal category are taken from the National Communications, or the IPCC defaults. Because of the lack of available data at regional or farm-type level, the shares of manure applied to crops, deposited on grassland, and handled under all management systems are also taken from the National Communications, which only provide information at the country level. The country-average share is applied to each farm type. Figure 1 compares the emissions reported to the UNFCCC by each of the fifteen Member States and the results of the model for the calibration year. Emission inventories are not available at a lower-than-country resolution in the National Communications. Model results have thus been aggregated on a country-basis for comparison purposes. For each Member State, the first bar represents the emissions as reported in the 2003 National Communication for the year 2001. The next bar represents the country emission estimate as computed by the model.



100



CH4 Rice cultivation CH4 Manure management CH4 Enteric fermentation N2O Manure Management N2O Agricultural soils



Emissions (MtCO2-eq)



80 UNFCCC 60



Model



40



20



0 FR GE UK SP IT IR ND BE DK PT SV AT GR FI LU Figure 1. Model baseline vs. UNFCC emissions. Source: 2003 National Communications to the UNFCCC for the year 2001, available at: http://unfccc.int/. NB: Emissions are converted into CO2 -equivalents using the 2001 GWP index: 23 for CH4 and 296 for N2 O.



Altogether, the model captures about 84% of total European agricultural emissions (342 MtCO2 eq). The FADN only provides a statistical representation of the full-time farmers population and some types of farming in the FADN sample are excluded from the analysis (see
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above). Modeled aggregate emissions, which are lower than those reported by the countries to the UNFCCC, reflect this discrepancy.



3. GHG marginal abatement costs



3.1. EU-15 abatement supply An emission tax t is then introduced in each of the 1074 models. The tax reflects the social value attached to agricultural emissions (converted into CO2 eq). It affects directly each farmer’s revenue according to the total amount of CO2 -equivalent emissions. The objective function of the maximization program includes the total tax amount paid by each farmer (t.ek , where ek stands for emissions of farm-type k). By construction for a given emission tax t, optimal emissions (e∗k ) are such that the marginal loss of income due to an additional reduction equals t at the individual optimum for any k. By letting t vary in a given range, one thus obtains the optimal abatement supply curve or, equivalently, the marginal abatement cost curves. Figure 2 shows the aggregate abatement supply for an emission tax varying from 0 to 200 e/tCO2 eq (by steps of 10 e up to 100 e/tCO2 eq, and 20 e between 100 and 200 e/tCO2 eq). In its assessment of EU emission reduction potential, the European Climate Change Programme (2003) focuses on mitigation strategies that entail abatement costs not larger than 20 e/tCO2 eq. At this price–which is a figure in line with what has been observed on European carbon markets–, our results indicate that EU farmers reduce their GHG emissions by 4% on average. For a twice as large CO2 value (40 e/tCO2 eq), total abatement reaches 24.1 MtCO2 eq or 7% of baseline emissions. The upper limit of the simulation range (200 e/tCO2 eq) is associated with an aggregate abatement of 72.7 MtCO2 eq (21.2% of baseline emissions). Some caveats are needed when interpreting the aggregate abatement supply curve presented above (see also De Cara et al. (2005) for a discussion). First, the abatement supply curve does not include market and trade effects. The price-taker assumption made at the farm-level results in constant input and output prices. Second, ’end-of-pipe’ abatement technologies are not considered. Abatements solely result from changes in the optimal production level, not from changes in the production or emission functions. Third, abatements are of short/medium run nature, as the total area, number of farms, crop yields, policy parameters are kept constant.
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Figure 2. Aggregate abatement supply by emission sources.



3.2. Comparison of marginal abatement costs with previous estimates Figure 3 shows how the resulting marginal abatement curve compares with previous estimates in the literature. Results are first compared with what was obtained with the same model and the same policy parameters, but using a different typology and 1997 FADN data as a source for input parameters (De Cara et al., 2005). The difference in marginal abatement cost curves remain small (in particular for CO2 values ranging from 0 to 50 e/tCO2 eq). Beyond 50 e/tCO2 eq, marginal abatement costs that are obtained with the current version are slightly lower than those reported in De Cara et al. (2005). De Cara et al. (2005) also report marginal abatement costs for individual emission constraints of 4, 8, and 12% of baseline emissions (’Individual constraint’). For each of these abatement rates, individual marginal abatement costs are hence not equalized among farmers (cost-ineffective distribution of abatements). The vertical difference between each of these three points and the aggregate marginal abatement cost curve hence indicates the importance of the heterogeneity of individual marginal abatement costs. P´erez Dom´ınguez (2005) reports costs for abatement rates ranging from 1 to 15% (’regional constraint’). These costs are derived from CAPRI, in which each NUTS2 region is modeled as one single farm representative of the whole region’s agriculture. As the abatement target has to be met by each NUTS2 region, marginal abatement costs are not equalized among regions. Therefore, it makes economic sense that the marginal abatement cost curve reported by P´erez Dom´ınguez lies above the marginal abatement cost estimate found in the present
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Figure 3. Comparison of marginal abatement cost curve estimates



report. Likewise, the fact that marginal abatement costs are lower in P´erez Dom´ınguez than those reported in De Cara et al. under the ’individual constraint’ scenario can be explained by the fact that, by construction, the heterogeneity between farm-types is higher than between NUTS2 regions. In addition, P´erez Dom´ınguez reports the equilibrium price resulting from emission trading among regions for a 15% reduction in total emissions. As the equilibrium on the permit market is such that marginal abatement costs are all equal to the equilibrium price (157.6 e/tCO2 eq), one can compare the corresponding CO2 value with our marginal abatement cost estimate for the same reduction. Figure 3 shows that the modeling approach retained in the present report leads to lower abatement cost than those obtained using CAPRI. A 15% reduction is achieved at a marginal abatement cost between 120 and 140 e/tCO2 eq (to be compared to 157.6 e). Likewise, for a CO2 value of 160 e/tCO2 eq, our estimated abatement rate reaches 18% (to be compared to 15%). Beyond the differences in modeling assumptions and data sources, this difference may also be linked to the importance of the heterogeneity of marginal abatement costs, which tends to be overlooked in more aggregated approaches. Figure 3 also shows the comparison of marginal abatement cost curve for Baden-W¨ urttemberg (BW) with that of EFEM, a mathematical programming model that provides a detailed representation of Baden-W¨ urttemberg agriculture. This comparison is discussed in De Cara et al. (2004).
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3.3. Marginal abatement cost heterogeneity Abatements are aggregated by region for each examined level of the emission tax. Figure 4 shows the abatement rate for each FADN region in the EU-15 and various CO2 values (20, 40, 60, and 200 e/tCO2 eq). These maps indicate a large variability in regional abatement rates, which range from 0 to 18% for a CO2 value of 20 e/tCO2 eq (from 2 to 38% for 200 e/tCO2 eq). Darker shades on the map signal regions where marginal abatement costs are found to be lower. Figure 5.a shows the regional and farm-type distributions of abatement rates for a CO2 value of 20 e/tCO2 eq. Variability at farm-type level is by construction larger than at regional level. The regional aggregation thus hides some of the abatement cost variability. The distance between the two cumulative curves on Figure 5.a shows the importance of infra-regional heterogeneity. Figure 5.b shows the changes in the distribution of the individual abatement rates (t = 20, 40, 60, and 200 e/tCO2 eq).



4. Alternative tillage practices and carbon sequestration Alternative management practices that entail less intensive and less disruptive tillage practices have been presented as a means of enhancing carbon sinks in agricultural soils (Freibauer et al., 2004). Adoption of such practices is likely to impact: (i) crop yields, (ii) production costs, and (iii) environmental results (in particular–but not only–carbon stocks). The net resulting impact on gross margin is therefore ambiguous, and depends on the value attached to carbon sequestration. Carbon sequestration and yields impacts are obtained from 10-year EPIC simulations, which cover arable land in the EU-25. These simulations are described in Schmid (2006). They provide the evolution over time of soil organic carbon (top 30 cm layer) and crop yields for each HRU (Homogeneous Response Unit, see Balkovic and Skalsky, 2006) and for each tillage management system, ie conventional, reduced, and minimum tillage. Hereafter, we assume that conventional tillage is the base management and refer to reduced and minimum tillage as ’alternative’ tillage practices. By overlaying the HRU map and the EU-15 FADN region map2 , 10-year averages of absolute changes in carbon stocks and relative changes in yields have been obtained for each alternative tillage practice, each FADN region (101 region), each elevation class (3 classes), and each crop. Alternative tillage practices (reduced and minimum) tend to lower the variable costs of crop production. Change in production costs are derived from a case study described in (Schmid et al., 2005) for Baden-W¨ urttemberg. Cost assumptions are summarized in Table II. 2



The digital map of the FADN regions has been provided by DG AGRI, European Commission
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Figure 4. Regional heterogeneity of regional abatement rates. Source of the digital map of the FADN regions: European Commission, DG AGRI.
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a. Regional and farm-type distribution of abatement rates (CO2 value: 20 e/tCO2 eq)
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b. Farm-type distribution of abatement rates for four levels of CO2 value



Figure 5. Regional and farm-type distribution of abatement rates. Table II. Cost assumptions Reduced tillage Cereals Root crops and oilseeds and maize Operation (nb of trips) Ploughing Sowing Field tiller Chisel plough Rotary harrow Combined rotary harrow Herbicide spraying Direct sowing Harvest chopper Combined driller Others Herbicide (%) Labour (h/ha) Cost savings (e/ha)



-1 -1



-1



+1



+1 +1 -2



-2



Minimum tillage Cereals Root crops and oilseeds and maize



-1 -1 -2



-1 -1 -1



-2 +2 +1 +1



-2 +2 +1 +1



+1 +10% -1.3



+15% -1.8



+30% -1.8



+30% -2.0



14.0



6.1



32.6



11.3



Source: Schmid et al. (2005)



gk is updated to account for the changes in variable costs and yields for each crop and each tillage system. The structure of the model defined (1.1)–(1.3) is otherwise left unchanged. In addition, the additional carbon sequestration associated to each crop is expressed in annual average increment in carbon stock (10-year average converted in tCO2 eq.yr−1 ) and subtracted from total emissions. For each farm-type k, we thus obtain the optimal gross margins (πkconv (x∗k ; t), πkredu (x∗k ; t), πkmini (x∗k ; t)). Ten levels of the emission tax (from 0 to 100 e/tCO2 eq by steps of 10 e) are examined. The incentives to switch away from conventional to either
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reduced or minimum tillage are analyzed through the net change in gross margin at the farmtype level (πkredu (x∗k ; t) − πkconv (x∗k ; t), πkmini (x∗k ; t) − πkconv (x∗k ; t)). The underlying assumption is that, for each farm-type, only one tillage system can be used. We thus exclude partial adoption of any tillage system at the farm-type level. Figure 6.a depicts the distribution of the changes in gross margin resulting from adoption of alternative tillage systems without any specific incentive on carbon sequestration (zero emission tax). 90
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Figure 6. Distribution of net change in farm-types’ gross margin upon adoption of alternative tillage practices (CO2 value is 0 e/tCO2 eq).



Figure 6.a indicates that, under the assumptions discussed above, a fraction of European farmers would be better off switching away from conventional tillage, even without any specific incentive to sequester carbon (the CO2 value is zero). That is, for these farmers, the reduction in costs more than offsets the reduction in income resulting from lower yields. This does not reflect the evidence on actual adoption rates of alternative tillage systems in Europe. Switching to alternative tillage systems actually entails additional costs that are not accounted for in this exercise (e.g. sunk costs, lack of know-how, training costs, risk-aversion, etc.), and are difficult to quantify. We use the distribution of the net changes in gross margin to calibrate these additional costs. Each alternative tillage system is associated with a fixed per-hectare cost, which is intended to capture the additional costs not accounted for in Table II. The level of the additional cost is set such that, for a zero emission tax, the break-even cost between conventional and alternative tillage is zero for farmers characterized by the highest per hectare increase in gross margin when switching away from conventional tillage. To avoid the influence of outliers, this value is determined using a 97.5% cut-off of the cumulative agricultural area. This results in additional costs amounting to 10.64 e/ha and 14.43 e/ha for reduced and minimum tillage, respectively. The resulting leftward shift in the distribution of changes in gross margin is depicted in Figure 6.b. As the CO2 value increases, switching to reduced or minimum tillage becomes more profitable, as the savings on emission tax permitted by higher sequestration offsets the reduction
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in gross margin. Figure 7 shows the total area of farmers for whom reduced and minimum tillage practices yield a higher gross margin than conventional tillage. For the lower CO2 values (up to 40 e/tCO2 eq), reduced tillage dominates minimum tillage. For 20 e/tCO2 eq, area of farms for which alternative tillage yields higher gross margin than conventional tillage totals about 16.7 Mha (11 and 5.7 Mha for reduced and minimum3 tillage, respectively). Beyond 40 e/tCO2 eq, farmers tend to switch away from both conventional and reduced tillage to favour minimum tillage because of the higher sequestration rates associated with the latter. 60
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Figure 7. Total agricultural area of farms for which alternative tillage yields higher gross margin than conventional tillage.



Figure 8.a shows the contribution of carbon sequestration to the aggregate abatement supply. For 20 e/tCO2 eq, alternative tillage systems adds a 7.8 MtCO2 eq reduction as carbon sequestration. At this price, net emissions are reduced by 21.4 MtCO2 eq. As the CO2 value reaches 100 e/tCO2 eq, total abatement reaches 68.3 MtCO2 eq, out of which 4.8 and 22.2 MtCO2 eq come from carbon sequestration under reduced and minimum tillage, respectively. Figure 8.b illustrates the impact of adoption of alternative tillage systems on marginal abatement cost curves. Under the assumptions made in this report, marginal costs of reducing GHG emissions only appears marginally affected by the adoption of alternative tillage systems. Additional reduction in net emissions comes primarily from carbon seques3



Note that this represents the total agricultural area of farms that are characterized by πkredu (x∗k ; t) ≥



πkconv (x∗k ; t) or πkmini (x∗k ; t) ≥ πkconv (x∗k ; t). The actual area managed under alternative tillage is thus lower.
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tration permitted by reduced or minimum tillage, while abatements of methane and nitrous oxide emissions are (slightly) lower than under only conventional tillage. 70
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Figure 8. Contribution of alternative tillage systems to abatement supply and marginal abatement costs.



Concluding remarks The range of abatements from agriculture for plausible carbon prices is found to be substantial. Despite rather conservative assumptions –such as the fixed number of farms, fixed total area, fixed crop-yield response to nitrogen, no adoption of specific abatement technology–, an additional potential abatement of about 4% agricultural emissions is obtained at a marginal cost of 20 e/tCO2 eq. The results also indicate that this abatement would reach 6.2% of initial emissions if carbon sequestration from reduced and minimum tillage practices are to be accounted for. As agricultural emissions have already decreased substantially since 1990 (the Kyoto reference year), this abatement potential is of significant magnitude in the perspective of the Kyoto commitment. As an illustration, a report by the European Environmental Agency (2004) projects a total EU abatement falling short by 0.8% of the Kyoto target in 2010 even in the best-case scenario of full implementation of policies and measures. This represents approximately a 34 MtCO2 eq gap. The magnitude of abatement costs found in this report indicates that agriculture could play a key-role in bridging the gap between rising emission trends and the EU Kyoto target. The present report also highlights the importance of marginal abatement cost heterogeneity. This has two broad implications for policy purposes. First, the impacts of incentive-based instruments on income and environmental performances vary widely from one farmer to another. Second, the cost savings permitted by market-based instruments relatively to uniform standards are large. This means that, if mitigation policies are to make use of quantity-
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based instruments, substantial savings can be drawn from tradable (or at least differentiated) emission allowances. At last, alternative tillage practices such as minimum and reduced tillage are shown to provide sequestration potentials that could contribute to mitigation in the agricultural sector. For a significant share of farmers, the loss in gross margin upon adoption of alternative tillage practices could be offset by incentives corresponding to current prices on carbon markets. Carbon contracts need to be designed, monitored, and controlled over a sufficiently long period of time for the full sequestration potential to realize. Enforcing farmers’ commitment to alternative tillage practices is also essential. This involves for instance designing instruments that are aimed at preventing tillage reversion. Monitoring and control costs associated with these contracts will need to be included in full cost-benefit analyses. At last, data needs are still substantial, in particular with respect to geographically-explicit datasets of actual tillage practices.
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