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Summary 

The objective of the study was the implementation of a module in the CAPRI 

model, which allows the consistent estimation of emissions per product for the 

agricultural sector, both for European and Non-European production. We 

selected a full cradle to farm gate life cycle assessment approach, which required 

a series of adaptations based on work performed in former projects (see Jansson 

et al. 2010, 2014, Weiss and Leip, 2012, and Leip et al., 2010). Since CAPRI, by 

default, calculates emissions only for EU regions and only on the level of 

production activities, we first had to map emissions from production activities 

to products, and second find a way how to calculate comparable emission 

factors for Non-EU countries without technical information available. For the 

mapping we used the input/output information available in CAPRI for all 

NUTS2 regions within the EU, crude protein contents and economic values for 

the weighting, and a pool market approach assuming that tradable production 

inputs would be acquired from a common market with unique emission factors 

throughout the EU. The emission factors for Non-EU countries were then based 

on prior information partly from the Aglink-Cosimo model, partly from the 

CAPRI results derived in the first step, available time series of emission 

inventories in UNFCCC format provided by FAOSTAT, and a Bayesian 

estimation framework. Compared to the LCA results presented by Weiss and 

Leip (2012) and Leip et al. (2010), emissions from crop products are estimated 

higher, while emissions for some animal products are slightly lower. This is 

because in the new approach manure was explicitly introduced as a product, 

treated in the same way as other animal products. A certain share of emissions 

typically related to animal production, like methane emissions from enteric 

fermentation, is, therefore, allocated to crop products. Compared to Jansson et 

al. (2010), emission factors for animal products from Non-EU countries are 

generally larger, because they now can be interpreted as full LCA factors, while 

in the former approach emissions from tradable inputs were not allocated to the 

final products.   
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1 Introduction  

The CAPRI model is part of the SUSFANS toolbox, which aims at projecting 
and/or predicting food and nutrition supply and demand, taking into account 
complex market interactions and the impact of a wide array of drivers of change 
as well as policies on a wide array of sustainability outcomes. Within the 

toolbox, CAPRI belongs to the macro-modelling tools, supposed to give input 
both to other macro modelling tools, like GLOBIOM and MAGNET, and micro-
models, like the SHARP model (see Rutten et al., forthcoming). The current 
work has its focus on the estimation of GHG emissions in the agricultural sector, 
mapped to the product level, which is important to assess the environmental 

impact of different diets. In the SUSFANS metrics this relates to the policy goal 
“Reduction of environmental impacts”, the performance metrics “climate 
stabilization”, and the aggregate indicator “GHG emissions reductions” (see 
Zurek et al, 2016). The achievements of the present deliverable, together with 
those from deliverable 3.3, will enter into deliverable 9.4, which shall deliver full 
life cycle N and GHG intensities for CAPRI food group items.  

CAPRI (Common Agricultural Policy Regional Impact) is a sectoral comparative 
static policy impact assessment model for the EU agricultural sector, based on 
regional (NUTS2) programming models as supply units (within the EU), and an 
econometric market model for EU demand and Non-EU world regions. The 
main purpose of the model is the impact assessment of EU agricultural policy, 

world trade policy etc. on production, welfare, land use, livestock and public 
spending within the EU. Increasingly, thanks to its detailed technical 
description of the supply side, the model has become important also for the 
assessment of environmental impacts, especially on greenhouse gas emissions, 
releases of ammonia into the air and nitrate to groundwater.   

The emission accounting in CAPRI is based on so called activities, basically 
animal numbers and hectares, in correspondence to the UNFCCC framework 

(emissions allocated to the agricultural sector within UNFCCC). For a series of 
questions, the allocation of emissions to products is more relevant, and so an 
LCA approach has been developed for CAPRI in the GGELS project some years 
ago (focusing on livestock products and operational only for Ex-post data 
analysis, see Weiss and Leip, 2012, and Leip et al., 2010). Since a detailed 

supply model (based on production activities) is only available for EU regions in 
CAPRI (price elasticities are used for other world regions), and, therefore, 
emission accounting was missing for Non-EU countries, almost in parallel to the 
implementation of the LCA approach, a product based emission estimation 
framework has been implemented in the model in order to estimate emissions 

outside the EU (see Jansson et al. 2010, 2014). However, this approach only 
allocates emissions to products, which are not related to marketable inputs in 
order to avoid double counting. For example, in the emission coefficients for 
beef you would find the emissions related to grass based feed but not those from 
grain based feed.  
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In this task we try to overcome the shortcomings of the two related approaches 
and develop one consistent module estimating both emissions in EU and Non-
EU regions and providing full LCA coefficients.  
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2 Theoretical concept of the LCA 

While the emission accounting in the UNFCCC framework focuses on the 

territorial source of emissions, a life cycle assessment (LCA) changes the focus 
to the product and consumption level. So, the UNFCCC framework assigns 
agricultural emissions to land, animals and regions where those emissions are 
created, an LCA assign all emissions in the production chain to the final 
product. For example, in the UNFCCC framework a cow in Bavaria would be 

associated with N2O and CH4 emissions related to the digestion process of feed 
and the treatment of manure before it is applied to soils as fertilizers. All those 
emissions would occur in Bavaria and would be directly related to physical 
process of the cow or to immediate outputs of those processes. In the LCA, milk 
and beef would also get assigned emissions from the production of feed and 

other inputs (cradle to farmgate analysis), or even emissions from transport and 
processing of beef and milk up to the moment of consumption (cradle to grave 
analysis). In CAPRI, we currently do not consider post-farmgate emissions 
except for some processing activities related to milk and oil products, and we 
limited the analysis to sector internal emissions, which means that we do not 

take into account emissions from the energy or chemical sectors which might be 
related to the production of agricultural inputs (i.e. emissions related to energy 
consumption on the farm or to the production of mineral fertilizers). This is 
planned to be changed in the near future (as it has been done already in the 
GGELS project), but is not relevant for the general functionality of the LCA 
module.  

Generally, in LCA terminology, in order to standardize products in terms of 

their physical characteristics, we do not speak about products, but about 
functional units. For example, for milk the fat and protein content would be 
standardized in order to prevent to compare apples with pears. CAPRI is based, 
among others, on EU production statistics, and this does not explicitly 
determine those characteristics, and does not differentiate various qualities of 

agricultural products. So, we have to accept this limitation for our LCA analysis, 
and define the functional unit as one kg or ton of the respective average 
agricultural product, as it corresponds to in official statistics (fresh matter for all 
crops). 

A further distinction in LCA literature is made between the so called 
attributional and consequential analysis. Attributional means, that the 
allocation of a cow’s emissions to milk and beef is decided on the basis of 

physical characteristics (i.e. the protein content) or economic values of those 
products. While the former has the advantage to be independent of temporary 
effects, like price changes, the latter is more flexible because economic values 
are supposed to reflect all good and bad qualities of a product, while it is hard to 
find a dominant physical characteristic present in all products and 
approximating its utility or causality of emissions.  
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The basic logic behind the attributional LCA is the distribution of total 
emissions to total production on an average basis. In contrast, the consequential 
LCA has a more marginal perspective. The basic question is: By how much, 

including direct and indirect effects, emissions would increase or decrease if we 
produced one more unit of the product of interest. For example, the production 
of one additional ton of milk might lead to a slight milk price reduction, which 
could convince some consumers to spend more for milk and less for apples. 
Therefore, a consequential analysis would not only consider the increase of 

emissions induced by the change of milk production, but also the emission 
reduction by the lower apple production, and assign the change to milk. Such 
effects would be ignored in an attributional assessment. The advantage of the 
attributional analysis is that we get more stable values than in a consequential 
analysis, which are relatively easy to compare between different regions, years 

and studies. However, the calculated value might not correspond to the real 
marginal effect of a production change on emissions. On the other hand, the 
consequential analysis may give a more realistic picture of the potential impact 
of additional production, but results may be subject to strong variations in time 
and location, and conclusions may, if at all, apply under specific circumstances 
and at a specific moment. 

With the CAPRI model we can carry out both attributional and consequential 

assessments, but in the subsequent context we will use the term LCA in the 
sense of an attributional LCA, basically mapping emissions from activities to 
products. For the allocation we use the crude protein content, an indicator for 
the nutritional value, up to the farm gate and economic values for the 
considered processing activities and manure. 

Starting from the emission estimates per hectare and animal (production 
activities), which are a standard output of the CAPRI model and correspond to 

the UNFCCC framework, we have developed a theoretical concept to derive LCA 
coefficients for agricultural products: 

2.1 The case without trade and only one sector 

Assume we have a finite number of products i and activities j. The activities are 
expressed in hectares of land or in animal numbers, and each of them produces 
one or some of the products, usually expressed in tons of output. The output 
level of the products per activity is given in the matrix O, where the element in 

row j and column i gives the amount of product i produced in activity j. On the 
other hand, matrix X presents the amounts of product i required as inputs for 
one unit of the activity j.  
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From this we can derive a matrix of weighted inverse output coefficients Y, 
where  

yij = aj/qi*sij 

and, therefore: 

𝒆𝒋
𝟎 ∗ 𝒂 ≡ 𝒀 ∗ 𝒆𝒋

𝟎 ∗ 𝒒                 (1) 

sij is an allocation factor, allocating shares of the activity efforts to the product in 

case of more than one products per activity (∑ 𝑠𝑖𝑗 = 1𝑖  for all j), and, finally, aj/qi 

is the amount of activity j needed for the production of one unit of product i. a is 
the vector of activity levels (aj being the activity level of activity j), q is the vector 
of production levels (qi being the production level of product i), c is the vector of 
final consumption levels and ej

0 is the vector of emission factors (in CO2 
equivalents per unit of activity) related to the activities. 

 

 Activities 
(j) 

Activities 
(j) 

   

 Outputs Inputs Total 
Production 

Final 
Use 

Input Use 

Products 
(i) 

O X q=O* a c a*X= q- c 

Activity 
level 

a     

Emission 
factor 

𝒆𝒋
𝟎     

i products 
j activities 
𝑿 ∈ 𝑀(𝑗 × 𝑖) Matrix of input coefficients; xji is the amount of product i needed for one unit of activity j 
𝑶 ∈ 𝑀(𝑗 × 𝑖) Matrix of output coefficients; oji is the amount of product i produced by one unit of activity j 

𝒀 ∈ 𝑀(𝑖 × 𝑗) Matrix of weighted inverse output coefficients 
𝒆𝒊

𝑳𝑪𝑨 ∈ 𝑀(𝑖 × 1) Vector of emission factors for a certain emission category for products if LCA applied 
𝒆𝒊

𝟎 ∈ 𝑀(𝑖 × 1) Vector of emission factors for a certain emission category for products if simply mapped via Y 
𝒆𝒋

𝟎 ∈ 𝑀(𝑗 × 1) Vector of emission factors for a certain emission category for activities j; 
𝒆𝒋

𝒏 ∈ 𝑀(𝑗 × 1) Vector of emission factors for indirect emissions from inputs of the nth degree for activities (j). If 
n=1 then this is emissions from the production of inputs, for n=2 it is the emissions of the inputs 
required for the production of the inputs etc.; 

𝒂 ∈ 𝑀(𝑗 × 1) Vector of activity levels (hectares, number of animals etc.) 
𝒒 ∈ 𝑀(𝑖 × 1) Vector of production levels 

𝒄 ∈ 𝑀(𝑖 × 1) Vector of human consumption 
 

Given the above information we can derive a vector of emission factors per 

product, accounting for all emissions directly related to the activities producing 

the product. 𝑒𝑖
0 is the product of the vector of emission factors by activity with 

the weighted matrix of inverse output coefficients Y. 
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𝒀 ∗ 𝒆𝒋
𝟎 = 𝒆𝒊

𝟎                  (2) 

𝒂𝑻 ∗ 𝒆𝒋
𝟎 = 𝒒𝑻 ∗ 𝒆𝒊

𝟎  is guaranteed                (3) 

What is missing in 𝑒𝑖
0 are all emissions related to the production of inputs used 

in the activities producing the respective products. In order to include also those 

emissions, we calculate the indirect emissions per activity 𝑒𝑗
1 from the emissions 

of the products and the input matrix X:  

𝑿 ∗ 𝒆𝒊
𝟎 = 𝒆𝒋

𝟏                   (4) 

Or more generalized: 

𝑿 ∗ 𝒆𝒊
𝒏−𝟏 = 𝒆𝒋

𝒏                                 (5) 

This can then be retransformed to emission factors per product via a 

multiplication with the matrix Y in correspondence to equation 2. For a full life 
cycle assessment, however, it is not sufficient to cover the emissions within the 
activity and from the production of inputs, but we need also emissions related to 
the production of the inputs used in order to produce the inputs. Therefore, we 
have to expand the equation in the following way. Emissions of a (final) product 

are the sum of direct and indirect emissions (of all degrees). They are 
successively replaced using equations 4 and 2.  

𝒆𝒊
𝑳𝑪𝑨 = 𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝒆𝒋
𝟏 + ⋯ + 𝒀 ∗ 𝒆𝒋

∞ = 𝒀 ∗ 𝒆𝒋
𝟎 + 𝒀 ∗ 𝑿 ∗ 𝒆𝒊

𝟎 + ⋯             (6) 

𝒆𝒊
𝑳𝑪𝑨 = 𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ 𝒀 ∗ 𝒆𝒋
𝟎 + ⋯ + (𝒀 ∗ 𝑿)∞ ∗ 𝒀 ∗ 𝒆𝒋

𝟎                   (7) 

 𝒆𝒊
𝑳𝑪𝑨 = (𝑰 + 𝒀 ∗ 𝑿 + ⋯ + (𝒀 ∗ 𝑿)∞) ∗ 𝒀 ∗ 𝒆𝒋

𝟎               (8) 

In case of convergence of Y*X this leads to: 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 − 𝒀 ∗ 𝑿)−1 ∗ 𝒀 ∗ 𝒆𝒋

𝟎               (9) 

or 

𝒆𝒊
𝑳𝑪𝑨 =  𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ 𝒆𝒊
𝑳𝑪𝑨                  (10)  

The following holds: 

𝒄𝑻 ∗ 𝒆𝒊
𝑳𝑪𝑨 = 𝒂𝑻 ∗ 𝒆𝒋

𝟎 = 𝒒𝑻 ∗ 𝒆𝒊
𝟎                                                                           (11) 

 

The above calculations can be demonstrated via a small example, using 
somewhat simplified CAPRI notations. We assume an autonomous sector with 
three products grass (GRAS), beef (BEEF) and manure (MANN) and three 
activities extensive grass production (GRAE), intensive grass production (GRAI) 
and bull fattening (BULF). Other activities are ignored for the moment. In the 

following datasheet you also find information on total production (GROF), 
human consumption (HCOM), manure application (NMAN), emissions per 
activity (EMIS), and the activity level (LEVL).  
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 GRAE GRAI BULF GROF HCOM 

GRAS 10 15  25 0 

BEEF   5 5 5 

MANN   10 10 0 

FGRA   25 25  

NMAN 3 7  10  

EMIS 1 2 10 13  

LEVL 1 1 1   

 

Given this information the required vectors and matrices can be determined: 
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Matrix X: 

 GRAS BEEF MANN 

GRAE   3 

GRAI   7 

BULF 25   

 

Matrix A: 

 GRAE GRAI BULF 

GRAS 1/10 1/15  

BEEF   1/5 

MANN   1/10 

 

Matrix S (here assumed): 

 GRAE GRAI BULF 

GRAS 1 1  

BEEF   2/3 

MANN   1/3 

 

Activity level and activity emissions: 

 a 𝒆𝒋
𝟎 

GRAE 1 1 

GRAI 1 2 

BULF 1 10 

 

Production and final consumption level: 

 q c 

GRAS 25  

BEEF 5 5 

MANN 10  

 

Matrix Y: 

 GRAE GRAI BULF 

GRAS 1/25*1=1/25 1/25*1=1/25  

BEEF   1/5*2/3=2/15 

MANN   1/10*1/3=1/30 
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This leads to the following calculations: 

 

𝑒𝑖
0 = [

1/25 1/25 0
0 0 2/15
0 0 1/30

] ∗ [
1
2

10
] = [

3/25
4/3
1/3

] 

𝒂𝑻 ∗ 𝑒𝑗
0 = 1 ∗ 1 + 1 ∗ 2 + 1 ∗ 10 = 13 = 25 ∗ 3/25 + 5 ∗ 4/3 + 10 ∗ 1/3 = 𝒒𝑻 ∗ 𝑒𝑖

0  

𝑒𝑖
𝐿𝐶𝐴 = ([

1 0 0
0 1 0
0 0 1

] − [

1/25 1/25 0
0 0 2/15
0 0 1/30

] ∗ [
0 0 3
0 0 7

25 0 0
])

−1

∗ [

1/25 1/25 0
0 0 2/15
0 0 1/30

] ∗ [
1
2

10
] 

𝑒𝑖
𝐿𝐶𝐴 = ([

1 0 0
0 1 0
0 0 1

] − [

0 0 2/5
10/3 0 0
5/6 0 0

])

−1

∗ [

3/25
4/3
1/3

] = [

1 0 −2/5
−10/3 1 0
−5/6 0 1

]

−1

∗ [

3/25
4/3
1/3

] 

𝑒𝑖
𝐿𝐶𝐴 = [

3/2 0 3/5
5 1 2

5/4 0 3/2
] ∗ [

3/25
4/3
1/3

] = [

19/50
13/5

13/20
] 

𝒄𝑻 ∗ 𝑒𝑖
𝐿𝐶𝐴 = 0 ∗ 19/50 + 5 ∗ 13/5 + 0 ∗ 13/20 = 13  

2.2 The case without trade but more than one sectors 

If we do not analyze all activities in a closed system, for some products which 
are used as inputs we might only have emission factors on product level (if those 

inputs are produced outside the sector analyzed). In this case the formula has to 
be modified in the following way: 

𝒆𝒊
𝑳𝑪𝑨 = 𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ (𝒆𝒊
𝟎 + 𝒆𝒊

𝟎,𝒆𝒙𝒕) + ⋯             (12) 

𝒆𝒊
𝑳𝑪𝑨 = 𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ 𝒀 ∗ 𝒆𝒋
𝟎 + 𝒀 ∗ 𝑿 ∗ 𝒆𝒊

𝟎,𝒆𝒙𝒕 … + (𝒀 ∗ 𝑿)∞ ∗ 𝒀 ∗ 𝒆𝒋
𝟎 + (𝒀 ∗ 𝑿)∞ ∗ 𝒆𝒊

𝟎,𝒆𝒙𝒕        (13) 

 𝒆𝒊
𝑳𝑪𝑨 = (𝑰 + 𝒀 ∗ 𝑿 + ⋯ + (𝒀 ∗ 𝑿)∞) ∗ 𝒀 ∗ 𝒆𝒋

𝟎 + (𝑰 + 𝒀 ∗ 𝑿 + ⋯ + (𝒀 ∗ 𝑿)∞) ∗ 𝒀 ∗ 𝑿 ∗ 𝒆𝒊
𝟎,𝒆𝒙𝒕       (14) 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 − 𝒀 ∗ 𝑿)−1 ∗ 𝒀 ∗ (𝒆𝒋

𝟎 + 𝑿 ∗ 𝒆𝒊
𝟎,𝒆𝒙𝒕)           (15) 

or 

𝒆𝒊
𝑳𝑪𝑨 =  𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ (𝒆𝒊
𝑳𝑪𝑨 + 𝒆𝒊

𝟎,𝒆𝒙𝒕)              (16) 

𝒄𝑻 ∗ 𝒆𝒊
𝑳𝑪𝑨 ≠ 𝒂𝑻 ∗ 𝒆𝒋

𝟎 = 𝒒𝑻 ∗ 𝒆𝒊
𝟎              (17) 

 

k products not produced in the analyzed sector 
m products produced in the analyzed sector 
i all products (k+m=i) 

𝒆𝒊
𝟎,𝒆𝒙𝒕 ∈ 𝑀(𝑖 × 1)  Vector of sector external emission factors for all products (for all i=m: 𝑒𝑖

𝑒𝑥𝑡(𝑖)=0) 
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2.3 The case of an open economy 

Until now we have only dealt with closed economies. In case of trade we have to 
deal with emissions from imported inputs. If all information mentioned above 

was available for all countries and in addition we knew the trade pattern 
(imports by origin) between the countries, the case of an open economy would 
be equivalent to the case without trade, just treating the same products and 
activities of different countries as different products and activities. The emission 
factors could be derived simultaneously as in a closed economy. Consider the 

following simplified 2-country case and the respective CAPRI-data tables 
(SWHE is soft wheat, FSW is soft wheat for feed, IMPT is import): 

Country 1: 

 SWHE BULF GROF HCOM IMPT 

SWHE 10  10 5 1 

BEEF  5 5 4 0 

MANN  10 10 0 0 

FSW  6 6   

NMAN 10  10   

EMIS 1 10 11   

LEVL 1 1    

 

Country 2: 

 SWHE BULF GROF HCOM IMPT 

SWHE 8  16 5 0 

BEEF  6 6 7 1 

MANN  14 14 0 0 

FSW  10 10   

NMAN 7  14   

EMIS 0 20 20   

LEVL 2 1    

 

the two single tables would translate into the following single table (taking some 
assumptions on the distribution of domestic production and imports to inputs 
and final consumption), which can then be treated like the closed economy case: 
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 SWH1 SWH2 BUL1 BUL2 GROF HCOM 

SWH1 10    10 5 

SWH2  8   16 5 

BF1   5  5 4 

BF2    6 6 7 

MAN1   10  10 0 

MAN2    14 14 0 

FSW1   5  5  

FSW2   1 10 11  

NMA1 10    10  

NMA2  7   14  

EMIS 1 0 10 20 31  

LEVL 1 2 1 1   

 

However, generally not all necessary information will be available for all 
countries, and probably we will have to use external emission factors for 
imported products and inputs. In CAPRI this is currently the case for inputs 
imported from Non-EU countries, since a detailed production model is available 

only for regions of the European Union.  A theoretically consistent calculation 
for this case is difficult since the feedback of the own calculation (on the 
emission factor of exports re-entering partly by imports etc.) could not be 
considered in the external emission factors used for imports. Therefore, we have 
to assume the emission factors of imported products as being independent from 

emission factors of the analyzed country. Moreover, we simplify by considering 
the emission factor for inputs as a constant mix of imports and domestic 
production after step 1. 

The above equation system then changes. In a first option emissions from 
imports are only taken into account for inputs but not for the product itself 
imported for final consumption. So, it can be interpreted as the emission factors 
of final domestic production. 

Option 1 (emission factors from a producer’s perspective): 

𝒆𝒊
𝑳𝑪𝑨 = 𝒀 ∗ (𝑿 ∗ (𝑫 ∗ 𝒆𝒊

𝑳𝑪𝑨 + (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓)) + 𝒆𝒋
𝟎)               (18) 

𝒆𝒊
𝑳𝑪𝑨 = 𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ (𝑫 ∗ 𝒆𝒊
𝑳𝑪𝑨 + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓))              (19) 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 − 𝒀 ∗ 𝑿 ∗ 𝑫)−1 ∗ (𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓))             (20)  

𝒄𝑻 ∗ 𝒆𝒊
𝑳𝑪𝑨 ≠ 𝒂𝑻 ∗ 𝒆𝒋

𝟎 ≠ 𝒒𝑻 ∗ 𝒆𝒊
𝟎               (21) 
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Expanding this leads to: 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 + 𝒀𝑿𝑫 + (𝒀𝑿𝑫)2 + ⋯ ) ∗ (𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓))         (22) 

𝒆𝒊
𝑳𝑪𝑨 = 𝒀𝒆𝒋

𝟎 +  𝒀𝑿 ∗ (𝑫𝒀𝒆𝒋
𝟎 + ∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓) +  𝒀𝑿𝑫𝒀𝑿 ∗ (𝑫𝒀𝒆𝒋

𝟎 +  (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓)) + ⋯          (23) 

 

Adding also sector external emission factors gives: 

𝒆𝒊
𝑳𝑪𝑨 = 𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ (𝑫 ∗ (𝒆𝒊
𝑳𝑪𝑨 + 𝒆𝒊

𝟎,𝒆𝒙𝒕,𝒅) + (∑ 𝑻𝒓
𝑟 ∗ (𝒆𝒊

𝒓 + 𝒆𝒊
𝟎,𝒆𝒙𝒕,𝒓)))           (24) 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 − 𝒀 ∗ 𝑿 ∗ 𝑫)−1 ∗ (𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ (𝑫 ∗ 𝒆𝒊
𝟎,𝒆𝒙𝒕,𝒅 + ∑ 𝑻𝒓

𝑟 ∗ (𝒆𝒊
𝒓 + 𝒆𝒊

𝟎,𝒆𝒙𝒕,𝒓)))        (25) 

r countries from which imports are coming 

𝑫 ∈ 𝑀(𝑖 × 𝑖)  Matrix of shares of total supply coming from domestic production in the diagonal, non diagonal 
elements zero 

𝑻𝒓 ∈ 𝑀(𝑖 × 𝑖)  Matrix of shares of total supply of products coming from country r in diagonal, non diagonal 
elements zero 

𝒆𝒊
𝒓 ∈ 𝑀(𝑖 × 1)  Vector of sector internal emission factors for all products for country r (for all i=k: 𝑒𝑖

𝑒𝑥𝑡(𝑖)=0) 

𝒆𝒊
𝟎,𝒆𝒙𝒕,𝒅 ∈ 𝑀(𝑖 × 1)  Vector of domestic sector external emission factors for all products (for all i=m: 𝑒𝑖

𝑒𝑥𝑡(𝑖)=0) 

𝒆𝒊
𝟎,𝒆𝒙𝒕,𝒓 ∈ 𝑀(𝑖 × 1)  Vector of imported sector external emission factors for import country r for all products (for all 

i=m: 𝑒𝑖
𝑒𝑥𝑡(𝑖)=0) 

 

A second option takes into account emissions from imports already at the final 

consumption level. The emissions from the imported part of final consumption 
should be covered by the foreign emission factors already.  

 

Option 2 (emission factors from a consumer’s perspective): 

𝒆𝒊
𝟎 = 𝑫 ∗ 𝒀 ∗ 𝒆𝒋

𝟎 + (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓)                (26)       

𝒆𝒋
𝟏 = 𝑿 ∗ 𝒆𝒊

𝟎 = 𝑿 ∗ (𝑫 ∗ 𝒀 ∗ 𝒆𝒋
𝟎 + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓))              (27)       

𝒆𝒊
𝑳𝑪𝑨 = 𝑫 ∗ 𝒀 ∗ (𝒆𝒋

𝟎 + 𝒆𝒋
𝟏 + ⋯ ) + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓)              (28)       

𝒆𝒊
𝑳𝑪𝑨 = 𝑫 ∗ 𝒀 ∗ 𝒆𝒋

𝟎 + (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓) + 𝑫 ∗ 𝒀 ∗ 𝑿 ∗ (𝑫 ∗ 𝒀 ∗ 𝒆𝒋
𝟎 + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓)) + ⋯       (29) 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 + 𝑫𝒀𝑿 + (𝑫𝒀𝑿)2 + ⋯ ) ∗ 𝑫 ∗ 𝒀 ∗ 𝒆𝒋

𝟎 + (𝑰 + 𝑫𝒀𝑿 + (𝑫𝒀𝑿)2 + ⋯ ) ∗ (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓)       (30) 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 − 𝑫 ∗ 𝒀 ∗ 𝑿)−1 ∗ (𝑫 ∗ 𝒀 ∗ 𝒆𝒋

𝟎 + (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓))           (31)  

𝒄𝑻 ∗ 𝒆𝒊
𝑳𝑪𝑨 ≠ 𝒂𝑻 ∗ 𝒆𝒋

𝟎 ≠ 𝒒𝑻 ∗ 𝒆𝒊
𝟎              (32) 

 

Reformulated this leads to: 

𝒆𝒊
𝑳𝑪𝑨 = 𝑫 ∗ 𝒀 ∗ 𝒆𝒋

𝟎 + 𝑫 ∗ 𝒀 ∗ 𝑿 ∗ 𝒆𝒊
𝑳𝑪𝑨 + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓)           (33) 
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Or, with sector external emissions: 

𝒆𝒊
𝑳𝑪𝑨 = 𝑫 ∗ 𝒀 ∗ 𝒆𝒋

𝟎 + 𝑫 ∗ 𝒀 ∗ 𝑿 ∗ (𝒆𝒊
𝑳𝑪𝑨 + 𝒆𝒊

𝟎,𝒆𝒙𝒕,𝒅) + (∑ 𝑻𝒓
𝑟 ∗ (𝒆𝒊

𝒓 + 𝒆𝒊
𝟎,𝒆𝒙𝒕,𝒓))         (34) 

𝒆𝒊
𝑳𝑪𝑨 = (𝑰 − 𝑫 ∗ 𝒀 ∗ 𝑿)−1 ∗ (𝑫 ∗ (𝒀 ∗ 𝒆𝒋

𝟎 + 𝒀 ∗ 𝑿 ∗ 𝒆𝒊
𝟎,𝒆𝒙𝒕,𝒅) + (∑ 𝑻𝒓

𝑟 ∗ (𝒆𝒊
𝒓 + 𝒆𝒊

𝟎,𝒆𝒙𝒕,𝒓)))       (35) 

So, the first option (𝒆𝒊
𝑳𝑪𝑨(𝒑𝒓𝒐𝒅)

) can be considered as the LCA-emissions of 

products produced in the country, while the second option (𝒆𝒊
𝑳𝑪𝑨(𝒄𝒐𝒏𝒔)

) gives the 

emissions of products consumed in the country. If the formulas were derived 
correctly the following has to be guaranteed (D can be used for left and right 
hand side multiplication because it is a diagonal matrix): 

 

𝑫 ∗ 𝒆𝒊
𝑳𝑪𝑨(𝒑𝒓𝒐𝒅)

+ (∑ 𝑻𝒓
𝑟 ∗ 𝒆𝒊

𝒓) ≡ 𝒆𝒊
𝑳𝑪𝑨(𝒄𝒐𝒏𝒔)

             (36) 

𝑫 ∗ (𝑰 − 𝒀 ∗ 𝑿 ∗ 𝑫)−1 ∗ (𝒀 ∗ 𝒆𝒋
𝟎 + 𝒀 ∗ 𝑿 ∗ (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓)) + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓) =         (37) 

(𝑰 − 𝒀𝑿𝑫)−1 ∗ (𝑫𝒀𝒆𝒋
𝟎 + 𝑫𝒀𝑿 ∗ (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓)) + (𝑰 − 𝒀𝑿𝑫)−1 ∗ (𝑰 − 𝒀𝑿𝑫) ∗ (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓) =       (38) 

(𝑰 − 𝒀𝑿𝑫)−1 ∗ (𝑫𝒀𝒆𝒋
𝟎 + 𝑫𝒀𝑿 ∗ (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓) + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓) − 𝑫𝒀𝑿 ∗ (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓)) =       (39) 

(𝑰 − 𝒀𝑿𝑫)−1 ∗ (𝑫𝒀𝒆𝒋
𝟎 + (∑ 𝑻𝒓

𝑟 ∗ 𝒆𝒊
𝒓))             (40) 

For the emission factors used for the estimation of emission leakage we need the 

first option because we do not assume that imported products are exported. In 
contrast, for the perspective of a consumer, also the second option might be 
interesting. 

2.4 The concept of a pool market 

The above equation system can be simplified if we assume a homogeneous mix 

of imported products, which is identical for all importing countries. This 
basically means that exported products go to a “world market pool” where they 
lose their regional flag, and countries take their imports from this pool market. 
The pool market concept was applied for all tradable inputs in the calculation of 
emissions per product. The advantage is that emission factors are more stable 

and not disturbed by arbitrary and temporary import relations. For example, if 
Belgium imports soybeans from the USA instead of Brazil it might get 
considerably lower emissions from land use changes. However, as a 
consequence a former US trade partner might have to switch to Brazilian 
soybeans and get assigned higher emissions. At the end those switches are not 

really relevant for total global emissions and might just produce kind of a white 
noise of emission factor variations hiding the view to more relevant aspects. 
Using the pool market concept, the above equations (19, 20, 31 and 33) simplify 
to: 

𝒆𝒊
𝑳𝑪𝑨(𝒑𝒓𝒐𝒅)

= 𝒀 ∗ 𝒆𝒋
𝟎 + 𝒀 ∗ 𝑿 ∗ (𝑫 ∗ 𝒆𝒊

𝑳𝑪𝑨 + (𝑰 − 𝑫) ∗ 𝒆𝒊
𝒑𝒐𝒐𝒍

)           (41) 
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𝒆𝒊
𝑳𝑪𝑨(𝒑𝒓𝒐𝒅)

= (𝑰 − 𝒀 ∗ 𝑿 ∗ 𝑫)−1 ∗ (𝒀 ∗ 𝒆𝒋
𝟎 + 𝒀 ∗ 𝑿 ∗ (𝑰 − 𝑫) ∗ 𝒆𝒊

𝒑𝒐𝒐𝒍
)          (42)  

𝒆𝒊
𝑳𝑪𝑨(𝒄𝒐𝒏𝒔)

= 𝑫 ∗ 𝒀 ∗ 𝒆𝒋
𝟎 + 𝑫 ∗ 𝒀 ∗ 𝑿 ∗ 𝒆𝒊

𝑳𝑪𝑨 + (𝑰 − 𝑫) ∗ 𝒆𝒊
𝒑𝒐𝒐𝒍

          (43) 

𝒆𝒊
𝑳𝑪𝑨(𝒄𝒐𝒏𝒔)

= (𝑰 − 𝑫 ∗ 𝒀 ∗ 𝑿)−1 ∗ (𝑫 ∗ 𝒀 ∗ 𝒆𝒋
𝟎 + (𝑰 − 𝑫) ∗ 𝒆𝒊

𝒑𝒐𝒐𝒍
)          (44) 

The emission coefficient of the pool market is the weighted average of exporting 
country’s local emission factors (using the exports as weights): 

𝒆𝒊
𝒑𝒐𝒐𝒍

=
∑ 𝒆𝒊

𝒓∗𝒆𝒙𝒑𝒓
𝒓

∑ 𝒆𝒙𝒑𝒓
𝒓

              (45) 

2.5 External emission factors for imported products from Non-

EU regions 

For the implementation of the above concept in the CAPRI model we still miss 
the emission factors for imported products from Non-EU countries. The market 
model is based on conventional demand and supply functions (for Non-EU), 

and does not provide information on production activities, land use or livestock. 
External information on agricultural emissions, however, is available from 
FAOSTAT in the UNFCCC format for each year, country and emission category, 
but the respective emission factors are related to production activities and not 

the production itself. So, we are looking for emission factors 𝑒𝑖
𝐿𝐶𝐴 which match 

the following equality, 𝐸𝑡 being the total emissions which we get from official 

sources for each year 𝑡, country and emission category (indices for countries and 
emission categories omitted for the time being): 

𝐸𝑡 = 𝒄𝒕
𝑻 ∗ 𝒆𝒊𝒕

𝑳𝑪𝑨               (46) 

Obviously, the equation is underdetermined, because there are many 

commodities 𝑖 that contribute to each single emission value. Therefore, a unique 
solution does not exist. Of course, it is not reasonable that emission factors 
fluctuate in an arbitrary way between years. We may constrain the emission 

factors to be constant, or to follow a trend, thereby decreasing the number of 
parameters to estimate. It is desirable to avoid constant Non-EU emission 
factors for projections in the CAPRI model, that may extend many years into the 
future. However, we still require the time series to have a larger number of years 
than there are commodities produced in order to obtain degrees of freedom in 
an econometric sense.  

Fortunately, there is more information about emission coefficients. Not the 

least, we have the emission factors computed for the European regions, as 
described above, but also from other sources. Such out-of-sample information 
about plausible values for emission factors can be included using a Bayesian 
framework. By assuming that the fitted coefficients should come from particular 
probability density functions (termed priors), which are defined based on 

exogenous estimates of emission factors, we can resolve the underdetermined 
estimation problem (see also Jansson et al 2010).  
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We assume that emission factors follow a logarithmic trend function with two 

parameters 𝛼𝑖 and 𝛽𝑖: 

𝒆𝒊𝒕
𝑳𝑪𝑨 = 𝜸

𝒊𝒕
= 𝜶𝒊 + log(𝑡 − 𝑡0) ∗ 𝜷

𝒊
             (47) 

We also assume that the emission coefficients 𝛾𝑖𝑡 are normally distributed with 

mean 𝜇𝑖𝑡  and standard deviation 𝑆𝑑𝑒𝑣(𝜇𝑖𝑡) , and that the errors in emission 

inventories 𝐸𝑡 also are normally distributed with standard deviation 𝑆𝑑𝑒𝑣(𝐸𝑡). 
We define the joint posterior density as the product of all the density functions 

of the priors and the errors, and seek the parameters that would maximize that 
joint density – the “most likely” estimates. The numerical solution is 
considerably facilitated if we maximize the logarithm of the density – then the 
maximization of the product of normal densities collapses to the minimization 
of the weighted sum of squared deviations, over all years and products: 

min𝛼,𝛽 ∑
1

2∗𝑆𝑑𝑒𝑣(𝜇𝑖𝑡)2 ∗ (𝜇𝑖𝑡 − 𝛾𝑖𝑡)2
𝑡,𝑖 + ∑

1

2∗𝑆𝑑𝑒𝑣(𝐸𝑡)2 ∗ (∑ 𝛾𝑖𝑡𝑖 ∗ 𝑐𝑖𝑡 −𝑡

𝐸𝑡)2                                                     (48) 

The prior estimate 𝜇𝑖𝑡 for the respective emission factor is obtained either from 
other sources (i.e. Aglink-Cosimo model) or it is simply the EU average from the 

CAPRI model. 𝑆𝑑𝑒𝑣(𝜇𝑖𝑡) is assumed to be 1/3 of the prior mean if coming from 
the Aglink-Cosimo model, and the standard error of NUTS2 regions if coming 

from the CAPRI model. 𝑆𝑑𝑒𝑣(𝐸𝑡) is assumed to be 1/6 of total emissions derived 

from 𝜇 and 𝑐 (external Inventory data are supposed to be twice as reliable as the 
prior information).  

The minimization problem is solved independently for each of the world 
regions, which means that we do not take into account different emission factors 

for imports here. In other words, the factors are estimated under the 
assumption that imported inputs produce the same emissions per unit as 
domestic inputs.  

2.6 Summary of the procedure to estimate LCA factors 

In a first step we derive LCA priors for EU regions in accordance with equation 
41. The equation system is solved simultaneously for all EU NUTS2 regions, 

pool emission factors 𝒆𝒊
𝒑𝒐𝒐𝒍

 are based on a weighted average of those European 

regions. Therefore, for imported inputs from Non-EU countries also those EU 

pool emission factors are applied. In a second step, we estimate Non-EU 

emission factors in the way described in section 2.5, according to equations 47 
and 48. In a final step we repeat step 1 for all EU regions, applying a weighted 

average of EU and Non-EU emission factors from step 2 as pool emission 

factors for imported inputs.  
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Figure 2.1: Steps for the estimation of LCA factors 
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3 Some results 

The LCA module was developed within the project in order to carry out a 

scenario analysis, for different policy and diet scenarios, at a later stage. In this 
report we will not present a scenario analysis, but only illustrate the 
implemented module by the results of a reference scenario. We will try to show 
the starting point (before we started with the SUSFANS work), the progress we 
did in the project up to now, and finally the areas of potential improvements 

partly foreseen in the project but partly only feasible in future projects. The 
reference scenario refers to the year 2025, considering projections from the 
Aglink model (see Araujo Enciso et al, 2015), and assuming the full 
implementation of already decided policy changes (if foreseen until the year 
2025) but business as usual with respect to policy issues still under discussion. 

So, i.e. no speculative assumptions about a potential CAP reform in 2020 have 
been made. 

The starting point was an emission leakage module based on a partial mapping 
of inputs’ emissions to products (see Jansson et al. 2010, 2014). In concrete, 
only non-tradable inputs, like grass or fodder maize, were mapped to animal 
products, but not fodder based on cereals. As a consequence, the factors could 
not be interpreted as LCA factors. As the leakage module was only used to 

calculate total emission changes outside the EU (as a response to policy 
scenarios) this was not a shortcoming as long as the module guaranteed that all 
emissions from agricultural production (UNFCCC inventories) were mapped to 
some products and double counting was avoided. The interpretation of the 
factors themselves, however, was difficult, because i.e. beef from countries with 

a grass based diet would have been disadvantaged compared to beef from 
countries with a diet based on cereals. Moreover, processed products, like oils or 
cakes, would not get any emissions at all. So, in turn, the factors could also not 
be used for imports in pure European LCA, as had been undertaken in the past 
(see Weiss and Leip, 2012, Leip et al. 2010). In order to overcome those 

weaknesses, we modified the leakage module in the way described in chapter 2, 
simultaneously providing LCA like leakage factors for Non-EU countries and a 
full LCA for the EU. 

In the first step (see section 2.6) we calculate the LCA priors for the EU28, 
which are used later (step 2) for the estimation of Non-EU leakage factors. As an 
example let’s take the emissions from beef, cow milk, pork, grass and wheat for 
all Non-CO2 emission categories reported in the agricultural sector of the 

UNFCCC. In the activity based accounting, those products would be produced 
by 19 production activities. The subsequent graphs (3.1 to 3.5) show the 
emissions per product (in kg of CO2eq per kg of output), first for a simple 
mapping without assigning emissions from inputs like feed, second for the 
partial mapping of the standard leakage approach, and finally for the LCA 

mapping which was introduced within this project. Numbers are export data for 
the CAPRI base year 2008. 
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For wheat and grass the simple mapping and the standard priors are identical 
because no inputs are considered which are coming from the agricultural sector 
(all emissions from manure, including emissions from grazing and manure 

application, are assigned to animal activities in CAPRI). The main emission 
sources are the application of mineral fertilizers and degradation of crop 
residues. However, when manure is considered an animal product, which is the 
case in the LCA priors, crops receive emissions from animal activities, 
increasing factors by around 50% for wheat while doubling emission factors for 
grass. 

For animal products simple mapping would only consider emissions from 

enteric fermentation, manure management, grazing, manure application and 
the indirect emissions from leaching, runoff and volatilization of ammonia 
related to those animal production activities. In contrast, the standard priors 
included already emissions from non-traded feed, like grass and fodder maize. 
For ruminant products, like beef and milk, standard priors are, therefore, higher 

than emission factors derived by a simple mapping, while for pork (feedstuff for 
pigs is mainly based on tradeable crop products) nothing changes. If we move 
towards the LCA priors, we can see that, compared to the standard priors, they 
decrease for ruminant products, while they increase for pork. There are actually 
two counteracting effects. While the inclusion of tradeable feed inputs increases 

the factors, the consideration of manure as animal product (only the case in the 
LCA) transfers emissions from animal products to crop products. Since the 
share of tradeable feed in ruminant’s diets is much lower, while the manure 
related emissions per kg of meat is much higher than in the case of pork, the net 
effect is negative for beef and milk but significantly positive for pork. 

 

Figure 3.1: GHG emissions in kg CO2eq per kg of wheat for the EU average 2008 (priors) 
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Figure 3.2: GHG emissions in kg CO2eq per kg of grass for the EU average 2008 (priors) 

 

 

Figure 3.3: GHG emissions in kg CO2eq per kg of beef for the EU average 2008 (priors) 
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Figure 3.4: GHG emissions in kg CO2eq per kg of milk for the EU average 2008 (priors) 

 

 

Figure 3.5: GHG emissions in kg CO2eq per kg of pork for the EU average 2008 (priors) 

In a second step, the priors calculated in step 1 are used, together with priors 
from the Aglink model, to derive time-dependent LCA factors for Non-EU 

regions (see section 2.5 and section 2.6). For not tradeable products factors are 
not computed.  

The result is a logarithmic trend function (see equation 47), which is then used 
to calculate the LCA factors for the projection year of interest. In the following 
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graphs we present, for illustration, the development of emission factors for 
Methane from enteric fermentation of beef, and the emission factors of N2O 
from mineral fertilizer application for wheat, up to the projection year 2025 for 

the most important trading partners. In both cases India shows the highest 
values due to a rather inefficient production process. Methane values are high in 
South America due to extensive grazing, but low in intensive production regions 
like Russia, USA Canada and Japan. Under the assumption of the logarithmic 
trend function data suggest sharpest emission decreases in Ukraine, China and 

Brazil for beef (up to -50%), while for wheat only Russia shows decreases of 
more than 20% during the respective 40 years. By contrast, in a few regions the 
trend suggests even slight increases of the emission factors of wheat, as in 
Australia, New Zealand and Argentina. 

 

Figure 3.6: Trend curve for LCA factors of N2O from mineral fertilizer application for wheat (in kg 
CO2eq per kg of product) 
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Figure 3.7:  Trend curve for LCA factors of Methane from Enteric Fermentation for beef (in kg CO2eq 
per kg of product) 

 

The estimation procedure for Non-EU factors (step 2) might be improved in the 
future, since region specific Aglink priors are available only for a small number 
of products and emission categories, while the unique EU priors (from step 1) in 
combination with a high number of products per emission category leads to an 

underestimation of variety among world regions, and in some cases also to 
inconsistent factors between products within one world region. For Example, if 
there is an Aglink prior for wheat but just the average EU prior for rye, we might 
get quite different factors, while actually both products should have the same 
region specific bias. 

In the final step we use the trends for LCA factors outside the EU for the inputs 

imported into the EU, which are assigned to the respective products produced 
within the EU. As stated above, as an example, we show results for the reference 
scenario and the year 2025. The subsequent graphs show the LCA priors which 
we had seen already above, and compare them to LCA factors for 2025, both 
with and without the consideration of imports from outside the EU. Again we 

show the results for wheat, grass, beef, milk and pork (figures 3.8 to 3.12). We 
can see that efficiency increases lead to a significant decrease of LCA factors 
from 2008 to 2025 (comparing the first with the second bar). The strongest 
decrease (around 15%) we observe for milk (due to milk yield increases), while 
for beef, pork and wheat emissions go down by around 5%. An exception is 

grass, where emissions increase even by 15% (due to a combination of higher 
farm losses of grass and higher emission factors of manure, which counteract 
efficiency gains). In contrast, the consideration of emissions from imported 
inputs (from outside the EU) seems to have only a very limited effect on the LCA 
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factors (compare the second bar, where we assume imports having EU average 
emissions, with the third bar in the diagrams, where we use the factors from 
step 2). Notice, that this might change significantly if we switch to a 

consequential analysis, where we look at marginal instead of average effects, or 
when we include emissions from land use change, which have been ignored so 
far in the current analysis.   

 

Figure 3.8: GHG emissions in kg CO2eq per kg of wheat for the EU average 2025 

 

 

Figure 3.9: GHG emissions in kg CO2eq per kg of grass for the EU average 2025 
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Figure 3.10: GHG emissions in kg CO2eq per kg of beef for the EU average 2025 

 

 

Figure 3.11: GHG emissions in kg CO2eq per kg of milk for the EU average 2025 
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Figure 3.12: GHG emissions in kg CO2eq per kg of pork for the EU average 2025 

 

Figures 3.13 to 3.15 reflect the distribution of LCA factors within EU regions. We 
observe the highest values for N2O from mineral fertilizer application of wheat 
in Poland, the Czech Republic and Central Spain, the lowest ones in Benelux 
countries, Northern Germany and Portugal. Low values generally correlate with 

high efficiency or a high share of manure in the fertilization, while high values 
indicate the opposite. For methane emissions from enteric fermentation in beef 
CAPRI projects high values in Sweden, UK, Portugal and Central France, lowest 
ones in the Benelux countries, Romania and Bulgaria. High feed efficiency, high 
digestibility of the diet and a combined production of beef and milk entail low 

emission factors, while specialized beef herds, grass based systems and low feed 
efficiency generally drive factors up. The last graph shows only small differences 
for processed products, like rape cake. This is due to the pool market concept, 
since processing activities do not produce direct emissions and so the factors are 
determined by emission factors of inputs, which come from a unique pool 

market. Small differences among countries are due to country specific 
input/output relations. 
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Figure 3.13: N2O emissions from mineral fertilizer application in kg N2O per kg of wheat in EU 
regions for the year 2025 

 

Figure 3.14: Methane emissions from enteric fermentation in kg CH4 per kg of beef in EU regions for 
the year 2025 
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Figure 3.15: N2O emissions from mineral fertilizer application in kg N2O per kg of rape cake in EU 
regions for the year 2025 
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4 Conclusions and Outlook 

The CAPRI model is part of the SUSFANS toolbox, and belongs to the macro-

modelling tools, giving input both to other macro and micro modelling tools. 
The present study focuses on the estimation of GHG emissions in the 
agricultural sector. In the SUSFANS metrics this relates to the policy goal 
“Reduction of environmental impacts”, the performance metrics “climate 
stabilization”, and the aggregate indicator “GHG emissions reductions” (see 
Zurek et al, 2016). 

We could show that a consistent approach for the calculation of LCA factors for 

the EU and Non-EU regions has been implemented in the CAPRI model. The 
module can be used both for a Life Cycle Analysis as for the study of emission 
leakage in the context of scenario analysis. So far only GHG emissions allocated 
to the agricultural sector within the UNFCCC framework were considered, but 
the concept might also be applied to emissions accounted under other sectors, 

provided the availability of the required data. The estimation procedure for 
Non-EU factors (step 2) might be improved in the future, since region specific 
Aglink priors are available only for a small number of products and emission 
categories. This might, however, still be solved within the SUSFANS project at a 
later stage. Moreover, the analysis can be extended to other emission categories 

(like emissions from energy use on the farm, from the production of fertilizers, 
and land use change). The main problem here is that we lack inventory data for 
the agricultural sector (for the estimation of Non-EU factors), since in the 
official inventories they are handled in other UNFCCC sectors. Future projects 
might help to find solutions.  
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Annex 

Proof for identity 1 (page 7): 

 

Y(mxn): yij = aj/qi*sij                 with                           (∑ 𝑠𝑖𝑗 = 1𝑖  for all j) 

 

𝒆𝒋
𝟎 ∗ 𝒂 ≡ 𝒀 ∗ 𝒆𝒋

𝟎 ∗ 𝒒  

 

 

 

 


