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1. Introduction 

A comprehensive analysis of the global drivers of change and their impacts on European and global food 
demand and production are a main objective of the TRANSMANGO project. This also puts an emphasis on 
the vulnerability and resilience of European food systems. 

So far, different EU focused TRANSMANGO scenarios haven been developed by stakeholders and 
quantified with the global agricultural sector model GLOBIOM (Deliverable 4.1). Many different, mutually 
dependent drivers have been incorporated in this analysis to estimate their impacts on the European food 
system. 

However, several drivers that have been identified as important within the TRANSMANGO project are 
currently not implemented in most large scale agricultural sector models. Consequently, not all drivers 
could have been explicitly implemented in the quantification of the stakeholder scenarios. In Deliverable 
4.2, an overview of the potential applicability of different agricultural-economic modelling approaches to 
cover relevant drivers has been provided. 

As a next step, one of the key features that has been missing so far from the model exercise should be 
developed within GLOBIOM. Based on the inputs from key European stakeholders, the review of 
modelling capacities, and an intensive discussion with TRANSMANGO researchers, it was decided to better 
represent regionalization attempts in food production in the GLOBIOM model. To this end, a mechanism 
to represent a regionalization of feed supply chains in livestock production is implemented. 

Different highly relevant issues – such as consumer preferences for regionally produced products and the 
level of integration across the food system – are closely related to the implementation of regionalized 
production structures in the model. The review of modelling approaches presented in Deliverable 4.2 
concludes that state-of-the-art models usually do not “explicitly show consumers preferences regarding 
specific methods of production”. With the implementation of an option to model regionalized feed supply 
chains, a first step is taken to represent different production structures and to make consumers’ choices 
more explicit. 

After the implementation of the new feature in GLOBIOM, the model has been applied to analyze the 
impacts of a regionalization of European feed supply chains against the background of different 
TRANSMANGO scenarios, as a transition pathway. An implementation of regional feed supply chains 
requires that all feedstuff shall be sourced from the same region where livestock production is taking 
place. Since forage is considered to be a non-tradable product which is produced regionally anyway, the 
new regulations mainly effects concentrate feed, which is a mix of cereals, oilseeds and -meals, and pulses. 

Currently, large amounts of concentrate feed is being imported in Europe. This mostly refers to oilseeds 
and –meals which provide proteins to the European livestock industry. A low self-sufficiency rate in 
protein feed is reported for many European countries, particularly in western Europe (Früh et al., 2015, 
Erb et al. 2012). 

At the same time, consumers’ awareness of food production processes is increasing, as well as their 
concern about diets and food choices. A study by Wägeli and Hamm (2012), for example, indicates that 
consumers have preferences for livestock products raised with local feed. Furthermore, a sufficient 
regional supply of protein feed is crucial for the production of organic animals (Früh et al., 2015). A 
regionalization trend is also recognized by large feed companies (Byrne, 2017) and some companies use 
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regional production as marketing tools, including the utilization of regionally produced animal feed, 
already. 

In the paper at hand, we analyze the potential impacts of the transition pathway “regionalization of feed 
supply chains” on the European agricultural sector. At first, the necessary model developments for such 
an analysis are presented in detail, before the results of the analysis are presented. 

The implementation of regionalized feed supply chains in GLOBIOM requires as a prerequisite that 
substitution of animal feed is enabled. So far, feed demand per livestock unit is expressed in tons of 
different feed crops and production functions assume fixed input-output relations. Substitution between 
feedstuff is taking place at the aggregate level by switching of production systems, but not within a given 
production system and thus, only a limited space of substitution options is given. For the implementation 
of regionalized feed supply chains, substitution options have to be extended to replace not regionally 
produced feed in the feed rations. For the representation of regional feed supply chains, in a second step, 
constraints are implemented in the model to allow only the utilization of feed crops that are produced in 
the same region where the livestock production is taking place.  
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2. Model and model development 

2.1. Short description of The Global Biosphere Management Model (GLOBIOM) 

The Global Biosphere Management Model (GLOBIOM, Havlík et al., 2011, 2014) is a global recursive 
dynamic bottom-up partial equilibrium model integrating the agricultural, bioenergy and forestry sectors. 
It is a linear programming model based on the spatial equilibrium approach developed by Takayama and 
Judge (1971). Based on a welfare maximizing objective function an agricultural and forest market 
equilibrium is computed subject to resource, technology, demand and policy constraints. GLOBIOM covers 
all world regions aggregated to 30 regions either representing large single countries or country aggregates 
and is calibrated to FAOSTAT data for the year 2000 (average 1998 - 2002). The model runs recursively 
dynamic in 10-year time-steps. 

On the demand side, a representative consumer is modelled for each region. Food demand projections 
are based on the interaction of three different drivers: population growth, income per capita growth, and 
response to prices. Price effects are endogenously computed while the first two drivers are exogenously 
introduced into the model. 

On the supply side, the model is built on a spatially explicit, bottom-up setting. The basis is a detailed 
disaggregation of land into Simulation Units – clusters of 5 arcmin pixels belonging to the same country, 
altitude, slope and soil class and to the same 0.5° x 0.5° pixel (Skalský et al., 2008). In the model version 
applied for the work at hand, simulation units are re-aggregated to 2° x 2° degree cells disaggregated by 
country boundaries and by three agro-ecological zones. In the standard version of the model, production 
technologies are specified through Leontief production functions, which imply fixed input – output ratios. 
This assumption has been changed for the European livestock sector for the study at hand. The 
representation of the livestock sector and the integration of a feed substitution mechanism is described 
in detail in the next chapters. 

Regarding crop production, GLOBIOM represents globally 18 major crops (barley, beans, cassava, 
chickpeas, corn, cotton, groundnut, millet, palm oil, potato, rapeseed, rice, soybean, sorghum, sugarcane, 
sunflower, sweet potato, wheat) and 4 different management systems (irrigated – high input, rainfed – 
high input, rainfed – low input and subsistence) simulated by the biophysical process based crop model 
EPIC (Williams, 1995; Izaurralde et al., 2006). 

For the forest sector, primary forest productivity such as mean annual wood biomass increment, 
maximum share of saw logs in harvested biomass, and harvesting costs are provided by the G4M model 
(Kindermann et al., 2006). Five primary forest products are represented in the model (saw logs, pulp logs, 
other industrial logs, fuel wood and biomass for energy). 

 

2.2. Livestock production in GLOBIOM 

The livestock sector component in GLOBIOM represents eight different animal groups: bovine dairy and 
meat herds, sheep and goat dairy and meat herds, poultry broilers, poultry laying hens, mixed poultry and 
pigs. Monogastrics are split into industrial and smallholder; for ruminants, four production systems are 
defined: grassland based, mixed, urban and other. The first two systems are further differentiated by agro-
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ecological zones. For the classification three zones are retained: arid/semi-arid, humid/subhumid and 
temperate/tropical highlands. 

Feed rations are consisting of grass, stovers, feed crops, and other feedstuffs (the latter is only 
exogenously implemented in GLOBIOM and thus, kept constant over the simulation periods). Feed crops 
are further differentiated to match with crops represented in GLOBIOM. As outputs, different kinds of 
meat and milk, as well as eggs are depicted. 

The livestock production system parameterization relies on the dataset by Herrero et al. (2013). For the 
model base year, animal numbers and feed intake are harmonized with FAOSTAT data at the country level. 
For each species, production system, and region, production functions are determined. These production 
functions assume fixed input-output relations. Substitution between feedstuff is only possible on the 
aggregate level by switching of production systems, but not within a given production system. 

The production of ruminants is modelled in a spatially explicit way in GLOBIOM. The production of 
monogastrics is represented at the national level since no reliable maps are currently available, and 
because monogastrics are not linked to specific spatial features in the model, such as grasslands. 

Since substitution of animal feed can only take place via switching between the different pre-defined 
production systems (extensive production versus intensive production), only a limited space of 
substitution options is given. For the implementation of regionalized feed supply chains, these options 
have to be extended because in many regions not all crops can be grown and thus, some feed inputs have 
to be replaced completely, which is not necessarily foreseen in the original setup. 

Forage production is represented in a spatially explicit way in the model and demand and supply of grass 
match at the level of Simulation Unit. However, in Europe large amounts of concentrate feed is imported 
or at least transported over large distances to regions with high density in livestock production. In 
particular, western Europe significantly depends on oil crop imports, which to large extents is used as 
animal feed (Erb et al., 2012). To enable the implementation of regionalized feed supply chains, animal 
feed that has been imported and cannot (or only to a limited extent) be produced in the region where 
livestock production takes place, has to be replaced by other inputs that can be grown within the region 
of production. 

 

2.3. New Feed Substitution Mechanism 

In the standard version of the feed module, feed demand per livestock unit is expressed in tons of feed 
crops. Starting from the defined production systems (which are based on livestock model simulations, 
literature coefficients and statistical data and which reflect the status quo in the baseyear), we transform 
crop specific feed demand into energy and protein requirements, that have to be fulfilled as a minimum 
requirement for the production of a livestock unit. 

To this end, specific crop requirements – as defined for different animals and production systems – are 
multiplied by their respective energy and protein contents, which are presented in Table 1. For rapeseed, 
soybeans and sunflower, we apply values that refer to their meals, i.e. the by-product from oil processing. 
The underlying assumption is that the oil crops are being processed to extract the oil for human 
consumption and/or other purposes and remaining meals are used as animal feed. 
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For pig and poultry production, metabolisable energy (ME) is applied as an indicator to calculate energy 
requirements in feed rations. For ruminant production, differences between energy used for 
maintenance, growth and lactation should be taken into account. We apply net energy for maintenance 
(NE_m), growth (NE_g) or lactation (NE_l) as indicators. NE_l values are similar to maintenance values, so 
for dairy cows we use only NE_l to estimate the energy content of the feed intake. For meat production 
we use (NEm + NEg)/2 as a proxy to estimate energy requirements. Crude protein (CP) is used for all 
species in the same way. 

Table 1: Energy and Protein content of GLOBIOM feed crops (on dry matter basis). 

 NE_m NE_g NE_l ME_pt ME_pg PROTEIN 

 (kcal/kg) (kcal/kg) (kcal/kg) (kcal/kg) (kcal/kg) (g/kg) 
Barl 2028 1345 1918 2843 3270 120 
BeaD 2028 1345 1918 2593 3383 240 
Cass 1880 1240 1840 3100 3784  30 
ChkP 2278 1592 2232 3048 3792 223 
Corn 2161 1433 2006 3764 3843  95 
Cott 2359 1609 2183 2667 2933 230 
Gnut 1874 1168 1742 2391 3787 510 
Mill 1962 1301 1874 2391 3315 130 
Pota 1910 1270 1870 3350 3384 100 
Rape 1653 1036 1631 2151 2933 356 
Soya 2028 1345 1918 2485 3573 499 
Srgh 1962 1301 1874 2485 3753 110 
Sunf 1455 816 1455 2578 2256 324 
SwPo 1741 1157 1704 3350 3350  55 
Whea 2161 1433 2006 3401 3691 126 

Sources: Preston (2012), United States–Canadian Tables of Feed Composition (1982), National Research Council (1994, 1998, 
2000, 2001), Lardy et al. (2015), Feedipedia (2017). 

This approach ensures that the amounts of energy and protein are fulfilled for each group of animals and 
in every region, as demonstrated in Equation 1. The left-hand side of the equation represents the demand 
of energy and protein for livestock production and the right-hand side the supplied feedstuff that is 
actually used as input in livestock production to fulfill the demanded energy and protein requirements. 

In the original version of the model, each produced livestock unit required the amount of different 
feedstuffs as determined by the Live_data parameter. By changing the original version to equation 1, we 
implement the option that feed rations may contain different feedstuff, however, under the condition 
that energy and protein intake is kept at sufficient levels for the animals. 

 

(1)    _ ,  ×  _ , ,  × _ , ,

≤ , ,  ×  _ , ,  
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where  

Reg   = Index representing the region (grid cell and or national level) 

Anim   = Index of livestock species 

Crops   = Index of feed crops 

FeedComp  = Index of feed component (elements: energy and protein) 

Live_Data  = Parameter specifying feed requirement (dry matter crops) 

N_Cont   = Parameter of energy and protein contents (FeedComp) per crop and species 

LIVE_VAR  = Variable representing number of livestock units 

FEEDQ   = Variable representing feed rations. 

 

Due to the implementation of equation 1, feed requirements are not specified in tons of crops anymore, 
but in energy and protein content. On the one hand, this gives opportunities for substitution of crops, but 
on the other hand, it is very likely that an LP model such as GLOBIOM produces corner solutions. The 
model logic would be to use maximum as many feed crops as there are constrained nutrients with the 
lowest costs to fulfill the required nutrient needs, and in extreme cases it may happen that a feed ration 
consist of one crop only. 

Furthermore, the originally specified livestock production functions represent feed rations which were 
harmonized with observed data for the base year of the model and thus, given the assumption that 
farmers maximize their utilities, they reflect all given constraints in feed ration composition. Having said 
this, we want to keep the original formulation of the feed rations as standard, but allow for deviations 
from that during the course of scenario simulations based on price changes of the feed crops. 

To this end, equation 2a is implemented in the model. 

(2 )    , ,  −  , ,

≤ _ ℎ , , ×   , ,   

where  

Reg  = Index representing the region (grid cell and or national level) 

Anim  = Index of livestock species 

Crops  = Index of feed crops 

FEEDQ  = Variable representing feed rations 

α = auxiliary variable; indicating an increase of a crop in the feed rations above the original 
level (in tons) 
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original_share = Parameter reflecting the original share of a crop in the feed ration. 

 

Equation 2a ensures that no crop exceeds the share it had in the original feed rations, unless the variable 
alpha is used. For example, if alpha takes up the value 1 for corn in a specific region, the corn quantity in 
the feed ration can increase by 1 ton, because alpha is negatively connected to the feed quantity. This in 
turn would then allow to reduce the amount of another, more expensive crop in the feed ration (with the 
exact amount depending on the energy and protein content of the crop). 

Since we assume that the original feed rations are optimal, we apply some costs for any deviation from 
the original composition. Technically, this means that cost have to be attached to variable alpha. These 
costs have different components. First, since we assume that original rations are optimal and we want to 
keep them in the baseyear of the simulation period, we have to apply costs to prevent the model from 
substituting in the base year. The underlying idea is to equalize the potential benefits from substitution 
by attaching some costs that exactly mirror the benefits and thus, remove the incentive for substitution. 

To estimate the costs that mirror the benefits from a potential substitution, we add another constraint to 
the model in the calibration phase (not displayed here), forcing all alphas to be zero. The marginal values 
of this calibration constraint, the so called shadow prices, then reflect the potential gains of increasing the 
share of a certain crop in the feed mix (and reducing another more expensive one). Thus, we attach this 
value as a cost to the utilization of alpha after the calibration, in all runs of the model. The interpretation 
is that beside the observed market price of the feed crop, some unobserved costs exist which are reflected 
in the shadow price. This procedure ensures that the original feed rations (which are harmonized with 
observed data) are kept in the base year. 

This, however, does not prevent the model from providing extreme feed rations during the simulation 
period (i.e., in years after the calibrated base year). Once prices are changing during the simulation period, 
it still may happen that the sum of market price and shadow price for a specific feed crop is lower than 
the price of other feed crops and that an unrealistically high share of the cheaper crop is used in the feed 
ration. 

To prevent such extreme changes, we additionally apply a linearized quadratic cost function for the 
utilization of alpha in the objective function of the model. Starting from zero when alpha is zero, the 
marginal cost of this function increase with an increasing alpha, reflecting that a stronger deviation from 
the original feed rations causes more additional costs. Higher costs may arise because more supplements 
might be needed to balance feed rations in terms of minerals, or because different feed crops have to be 
treated more carefully and may lead to logistical problems, or because special pre-treatment of feed stuff 
is required, for example to reduce anti-nutritive factors. 

Summing up, costs related to increasing the share of a certain crop in the feed mix (i.e., increasing alpha) 
are, beside the actual market price of the crop, the shadow price of substitution from the base year plus 
a top-up that increases with higher uptake rates of alpha. 

Technically, however, with the so far presented mechanism, there is only an incentive to replace the feed 
crops with the absolute highest price, because the shadow price of any feed crop in the base year is 
calculated in relation the most expensive crop in the feed ration that could be replaced. 
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To implement a mechanism that gives incentives to replace any crop with increasing prices and increase 
the share of any crop with decreasing prices over the course of the simulation period, we have to extend 
equation 2a and add another variable (compare equation 2b). To this end, the variable beta is attached 
additively to the left-hand side of the equation. 

 

(2 )    , ,  −  , , + , ,

≤ _ ℎ , , ×   , ,   

with  

 = auxiliary variable; can be filled if share of a crop in the ration is below original level. 

 

In the objective function, beta is attached to reverse shadow costs of respective crops, i.e., it increases 
the value of the objective function. The idea is that whenever the share of a crop is reduced in the feed 
ration, not only the market price is saved but also the unobserved costs (i.e., the shadow costs) that are 
attached to the crop. 

A small artificial example shall explain the mechanism of feed substitution in the following (Table 2). 
Assume that only three crops are used as feedstuff, all with exactly the same energy and protein content 
and an artificial feed ration that contains two tons of each, wheat, barley and corn. 

Table 2: Example on feed substitution mechanism. 

Baseyear / Point of calibration 
 Wheat Barley Corn 
Market Price (€/t) 100 150 200 
Shadow price of increasing 
share in feed rations (€/t) 

100 50 0 

Total price (€/t) 200 200 200 
Simulation period / Year 2020 

Market Price (€/t) 100 160 200 
Baseyear Shadow price (€/t) 100 50 0 
Total price (€/t) 200 210 200 

 

In the calibration phase, the shadow price of increasing the share of a crop in a given feed ration is 
generated. To this end, the market price (reflecting the cost of adding one ton of the crop) is subtracted 
from the market price of the most expensive crop in the feed ration (which could be reduced by one ton 
and consequently the price could be saved) 1. For example, adding one ton of barley costs 150 Euro and it 

                                                           
1 In our example we assume that each crop has the same energy and protein content. Thus, we can simply subtract 
the price of a crop from the most expensive crop in the ration to generate the shadow price. Consequently, it counts 
that (market price + shadow price) is equal for all crops.  
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allows to reduce one ton of corn, which would save the farmer 200 Euros. Thus, the shadow price of 
adding one ton of barley are estimated to be 50 Euros. Since the share of a crop in the feed ration is only 
increased if benefits are higher than costs, shadow prices are always positive. 

By adding the shadow prices to the market prices, in the baseyear all feed crops have the same total costs 
in the substitution process, and there is no incentive to replace one crop by another. 

However, during the simulation period, prices will change. In our example, barley prices will rise from 150 
to 160 due to some external impact. The shadow prices are kept constant and thus, there would be no 
incentive to change the feed rations if shadow prices have to be paid when a ton of a certain crop is added 
to the feed ratio. Replacing one ton of barley with one ton of corn or wheat would generate costs of 200 
(market price plus shadow price), but only 160 Euro would be saved by using one ton barley less in the 
feed ration (this would be equivalent to equation 2a). Only if the shadow price of barley is also considered 
as a saving (which is reflected by the beta variable in equation 2b), there would be an incentive to increase 
corn and/or wheat (plus 200 Euro cost) and reduce barley (minus 210 Euro cost). 

The principle idea is, that only market price changes occurring during the simulation phases should 
influence the composition of feed rations. It shall be stressed, that livestock production still can be 
increased without deviating from the originally defined composition of the feed rations, and that 
substitution processes only take place if they are beneficial for the farmer (i.e., if benefits are still higher 
than the costs of substitution). 

However, the so far described feed substitution module is mainly based on monetary incentives. Even 
though minimum requirements for energy and protein inputs are defined, we still have to add more bio-
physical information to ensure that feed rations stay within the range of bio-physical realities. 

To make sure that feed rations are kept within a bio-physically feasible frame, two additional constraints 
are introduced. The first one introduces a maximum share that a feed crop can have in the feed ration 
(equation 3). Maximum thresholds are collected from an extensive literature review, mostly based on grey 
literature sources from the internet and are specified in Table 3. 

 

(3)    , ,  ≤ _ ℎ , ×   , ,   

with max_share = exogenously implemented maximum threshold for the share of a feed crop in the 
feed ration of a specific animal species. 

                                                           
However, for feed crops with different energy and protein contents, this calculation does not necessarily hold 
anymore, also not if calculated on the energy or protein basis. The implication of this for the behavior of the 
substitution module in the model still needs to be evaluated. 
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Table 3: Maximum shares of single feed crops in total feed rations (on dry matter basis). 

 RUM-MEAT DAIRY  PIGS  POULTRY 
Barl 35  40  40  30 
BeaD 15  15  20  20 
Cass 25  25  30  20 
ChkP 30  30  30  15 
Corn 70  70  70  70 
Cott 10  10  5  10 
Gnut 20  20  20  20 
Mill 20  20  20  20 
Pota 20  20  20  20 

Rape 30  30  10  25 
Soya 50  50  40  40 
Srgh 60  60  50  50 
Sunf 50  50  25  25 
SwPo 10  10  10  10 
Whea 40  40  60  45 

 

Furthermore, to prevent unbalanced feed rations and unrealistic energy/protein ratios in feed rations, 
minimum thresholds are introduced in the model (equation 4). The minimum shares are calculated based 
on the initial distribution of energy and protein crops2. To allow for some substitution between the two 
groups, the initial shares are reduced by 10% each. 

 

(4)    , ,
( )  

≥ _ ℎ , , ×   , ,   

with CropGroups is an index containing two groups of crops, i.e. protein crops and energy crops and 
CropGroups(Crops) indicating a mapping of crops and crop groups. 

To reduce the solution time of the model which increased significantly with the new feed substitution 
module some less important crops for animal feed in Europe (millet, cottonseed, chickpeas, groundnuts, 
sweet potato) have been exempted from the substitution. These crops still have to be supplied in fixed 
ratios in case they were considered by the originally calibrated feed production systems and their share 
cannot be changed over time. 

 

                                                           
2 The Energy and protein crop groups are defined on the basis of protein contents. Energy crops: Rice, Millet, 
Barley, Wheat, Sorghum, Potato, Corn, Sweet Potato, Cassava; Protein crops: Rapeseed, Soybeans, Sunflower, 
Beans, Groundnuts, Cottonseed, Chickpeas. 
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2.4. Implementation of regional feed supply chains in livestock production 

To simulate a regionalization trend in European agriculture and, in particular, an arising of regional 
livestock supply chains (in the sense that feedstuff has to be produced regionally), we constrain the model 
to only use feed crops that are produced in the same region where the livestock production takes place3. 
Feed used for ruminant production has to be produced in the same 2° x 2° degree cell (additionally 
accounting for country borders). Pig and poultry production is depicted at the national level and thus, 
feed has to be produced within the country of production. 

In some regions ruminant production takes place but no crop production is indicated in the same region. 
This would be the case for example in mountainous areas in the Alps, where livestock is relying only on 
forage and all additional feedstuff is purchased elsewhere. With the implementation of the regional 
production constraint, farmers in these areas would have to stop producing. However, we assume that it 
would be exceptionally allowed that farmers in these regions can purchase their feedstuff from outside, 
and we require in such cases that feed has to be produced within the country. 

By-products from bioenergy production are usually used as feedstuff in livestock production. We assume 
that in a world with regionalized livestock supply chains, this still would be allowed. Since bioenergy 
production is not represented in a spatially explicit way in GLOBIOM, we only allow for the utilization of 
by-products in pig and poultry production, since this also is constraint on the national level. 

 

  

                                                           
3 This, however, holds true for only for crops where a substitution possibility is in place. Some minor feed crops 
(see 2.3) had to be exempted from the feed substitution module to keep computation time reasonable. 
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3. Testing transition pathways: regionalized feed supply chains in the livestock sector 

3.1. Background scenarios 

The described development and implementation of the feed substitution module in GLOBIOM now 
facilitates the quantification of impacts that an implementation of regional feed production requirements 
in the European livestock sector would have.  

The transition pathway of regionalized feed production is tested against four different TRANSMANGO 
scenarios. These scenarios represent a highly diverse set of potential future developments of European 
food and nutrition security. An extensive discussion of these scenarios is presented in the TRANSMANGO 
Deliverable 4.1.  

Since the implications of the transition pathway of regionalized feed production depend significantly on 
the background scenarios, the main characteristics of the TRANSMANGO scenarios are quickly repeated 
here: 

Scenario 1: FED UP EUROPE 

 food system is under global pressures 
 populations increase 
 unhealthy diets 
 negative environmental impacts due to high resource use 
 medium innovation 
 open markets 

 

Scenario 2: RETROTOPIA 

 greying societies 
 high innovation in agriculture technology to replace manual labor 
 environmental concerns drive down consumption of animal products 
 stricter environmental regulation increases production costs 
 market protection increases 

 

Scenario 3: The Protein Union 

 high innovation in the livestock sector 
 artificial meats are developed and accepted by the consumer 
 newly developed protein sources increase competition in the meat sector but demand 

for “traditional” meat is still relatively high  
 slight market protection tendencies 
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Scenario 4: The Price of Health 

 strong government policies regarding self-reliance and sustainability 
 little economic growth 
 meat consumption drops 
 food system is under global pressures 
 strong market protection tendencies 

 

Due to the major changes that had to be undertaken in the livestock module to facilitate the 
representation of regionalized livestock supply chains (as described in detail above), it could not be 
avoided that some minor deviations occurred in the quantified scenario results calculated with the original 
model version and with the improved version. Nevertheless, these deviations are minor and the storylines 
and trends are still unchanged between the scenarios calculated with the different model version. 

 

3.2. Results 

In the following, impacts from an implementation of regionalized feed supply chains in European livestock 
production are analyzed and discussed. Each of the four described TRANSMANGO scenarios is calculated 
once without additional requirements on feed crop production and once with the requirement that all 
feed crops are being produced regionally (for ruminants) or within the country of livestock production (for 
pigs and poultry). For clarification purposes it shall be mentioned that in all versions, forage is considered 
to be a non-market product and is produced regionally in any case. 

The scenarios calculated without a specific constraint on the origin of feedstuff, in the following are 
indicated as “global supply chains (Global S.C.)” and the scenarios with implemented regional feed supply 
chains are indicated as “regional supply chains (Regional S.C.)”. 

In Figure 1, the impact of a regionalization of livestock supply chains on European livestock production is 
presented by comparing the production level of each scenario in 2050 to the baseyear level in 2000. For 
all scenarios, the requirement to only use regionally produced feedstuff leads to lower livestock 
production. Some regions, mostly with a high density of livestock production, simply do not have enough 
cropland available for a sufficient feed production. In other regions sufficient feedstuff can be produced 
regionally, however, farmers cannot source their inputs from the cheapest option (which often would be 
the world market) anymore, which increases the average feed price and thus, the average price of 
livestock products. 

Between the different background scenarios, huge differences in magnitude resulting from the same 
feedstuff restrictions can be observed for European livestock production. We see a much stronger impact 
on livestock production in scenarios with an already high production level in 2050, such as in Fed up Europe 
and Protein Union. 

In scenarios with low and/or shrinking demand (and thus production), the feed market is already relaxed 
and can absorb the feed regionalization constrain more easily and without major impacts on production. 
We see this for Retrotopia and Price of Health, where compared to the year 2000 already much lower 



16 
 

production is estimated in 2050 for the scenarios with globally sourced feedstuff. As a general trend, we 
can observe for the calculated scenarios that the higher the production level in the original scenario, the 
stronger the impact from a regionalization constraint. 

 

Figure 1: EU Livestock production changes in 2050 compared to 2000 for different TRANSMANGO 
scenarios with and without implementation of regional feed supply chains. 

 

The price reactions of the implementation of regional feed supply chains mirror the production impact. 
Figure 2 shows deviations of prices in comparison to the price level of 2000. Fed up Europe and Protein 
Union face stronger price increases than Retrotopia and Price of Health. 

The price development is influenced by all different drivers on demand and supply that are incorporated 
in the scenarios. In the version with global feed supply chains, on the one hand, we see a strong increase 
of demand for livestock products in Fed up Europe. But on the other hand, production adapts over time 
and prices are only moderately increasing between 2000 and 2050. However, since available resources 
are used to a large extend already and huge amounts of feedstuff are imported in Europe, the additional 
restriction on feed origins puts strong pressure on the market and prices rise drastically. In the original 
version of Protein Union, prices in 2050 even decrease compared to 2000. Nevertheless, since production 
levels are relatively high (Figure 1) and European (feed) production capacities are already utilized to a 
large extent, livestock prices rise relatively strongly. 

In Price of Health an already relatively high price level for livestock products exists in the scenario with 
unrestricted feed supply. This, however, is due to higher environmental taxes and regulations. In contrast 
to Protein Union and Fed up Europe, the European livestock and consequently the feed market is much 
more relaxed in this scenario and much less feed is imported. As a consequence, the additional restriction 
on feed origins only increases the prices slightly. 

In contrast to the livestock market, price reaction on crop markets are much more moderate in all 
scenarios (not presented graphically here in the paper). The average price impact from regionalization of 
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feed supply for crops is at maximum two percentage points (in Fed up Europe). This average effect covers 
an increase in protein crop prices and a slight decrease in cereal prices. Furthermore, international trade 
relations re-allocate and a lower European demand for feed crops (due to lower livestock production) 
relax the crop market and lead to only moderate changes. 

 

 

Figure 2: EU price level changes of livestock products in 2050 compared to 2000 for different 
TRANSMANGO scenarios with and without implementation of regional feed supply chains. 

 

Domestic consumption levels of livestock products in Europe are presented in Figure 3. In general, 
consumption is relatively price inelastic in Europe and changes in the TRANSMANGO scenarios are driven 
to a great extent exogenously – by changes in live style, income or population developments. 

Without restricted feed supply, Retrotopia and Price of Health already face strong changes over time and 
involve significant lower consumption of animal products in 2050, while Fed up Europe and (to a lesser 
extent Protein Union) show increasing meat and milk consumption. 

Following the small price changes, impacts from a regionalization of feed supply on consumption levels of 
livestock products are relatively small for Retrotopia and Price of Health. However, the strong price effect 
in Fed up Europe leads to more than 10% decrease in consumption figures for livestock production.  
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Figure 3: Domestic consumption in EU countries in different TRANSMANGO scenarios with and without 
implementation of regional feed supply chains. 

 

Effects on European net trade positions for livestock products are displayed in Figure 4. Compared to the 
year 2000, we see only moderate changes in the scenarios without additional requirements on feedstuff 
origins. In contrast, the implementation of regionalized feed supply chains can have a comparatively 
strong impact on livestock trade. 

As presented before, scenarios with a high demand for livestock products face stronger cuts in domestic 
production. In combination with a relatively inelastic European demand, a strong decline in production 
leads to a relatively strong increase in imports for livestock products, to compensate for the production 
shortfalls. 

The strongest impact on trade occurs in Fed up Europe, and a bit less pronounced effects occur in Protein 
Union. In Retrotopia and Price of Health, Europe also becomes a net importer of livestock products after 
the implementation of regional feed supply chains, however, to a much lesser extent. 

Here, obviously some leakage effects occur. First of all, there is no restriction on the feed origin of the 
feed utilized for the production of imported livestock products, and second, the import of livestock 
obviously undermines the concept of regional consumption. No matter if regional feed supply chains occur 
because regional consumption is a trend due to a more conscious lifestyles, or because it is politically put 
into place (due to the avoidance of genetically modified feedstuff or the attempt to increase the self-
sufficiency rate in food production). 

Our analysis clearly shows that with a mainly meat based diet (such as assumed in Fed up Europe and to 
a lesser extent in Protein Union), regional supply chains are not to be achieved. On the contrary, with 
more plant based diets and less consumption of livestock products (such as in Retrotopia and Price of 
Health), the concept of regionalized feed supply chains would be feasible. 
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Figure 4: EU net trade differences for livestock products between 2050 and 2000 for different 
TRANSMANGO scenarios with and without implementation of regional feed supply chains. 

 

The switch from scenarios where farmers can source their feed inputs globally to a system that is based 
on regionalized feed supply chains also impacts crop production patterns within Europe and the allocation 
of cropland. Figure 5 shows the effects on area allocation between cereals and protein crops (oilseeds and 
pulses) in Europe. 

For all scenarios, we observe a transformation from cropland used for cereal production towards protein 
crop production. The strongest effects, again, occur in Fed up Europe: in contrast to the other three 
scenarios, here the total cropland figures even increase. The enormous imports of soybeans and soymeal 
that have been taken place in the original version of the scenario to produce the high amounts of meat 
and milk, now have to be replaced by other European protein crops or an increased European soy 
production. 4.1 million hectare of cropland is used in 2050 in Fed up Europe for soybean production, which 
roughly reflects a tenfold increase of soybean area in Europe. 
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Figure 5: Area allocation effects of the implementation of regional feed supply chains in 2050 in 
comparison to respective scenarios without regional feed supply chains. 

 

The effect from an implementation of regionalized feed supply chains are not equally distributed on a 
sub-European scale. Since western Europe is much more depended on the imports of protein crops for 
livestock production than eastern Europe (Erb et al., 2012), impacts of a regionalization are more 
pronounced in western Europe because more feedstuff needs to be replaced. 

In Figure 6 and Figure 7, impacts on livestock production and price levels are presented respectively, 
differentiated by eastern and western European countries. For all scenarios, we can observe that the 
impacts are stronger for western Europe than for eastern Europe. 
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Figure 6: Changes in livestock production levels due to the implementation of regional feed supply chains 
in 2050 in comparison to respective scenarios without regional feed supply chains, differentiated by 
eastern and western European countries. 

 

Figure 7: Changes in livestock price levels due to the implementation of regional feed supply chains in 
2050 in comparison to respective scenarios without regional feed supply chains, differentiated by eastern 
and western European countries. 
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4. Conclusion and outlook 

In this paper, we first give a detailed overview about necessary model developments, before we present 
results for the transition pathway “regionalization of feed supply chains” against the background of 
different TRANSMANGO scenarios. 

For the implementation of regionalized feed supply chains in GLOBIOM, more substitution options of 
animal feed needed to be facilitated. In the original model version, feed demand per livestock unit was 
expressed in tons of different specific feed crops and production functions assumed fixed input-output 
relations. Thus, we first implemented a feed substitution module. In a second step feed utilization 
constraints were added to represent regional feed supply chains by ensuring that feed crops in Europe 
are being produced within the same region where the livestock production is taking place. 

Since large amounts of concentrate feed are currently being imported in Europe and a low self-sufficiency 
rate in protein feed is reported for many European countries, large impacts of a switch to regional feed 
supply chains are expected. To test the transition pathway of regionalized feed supply chains, four 
different TRANSMANGO scenarios are used as background scenarios, representing a highly diverse set of 
potential future developments of European agriculture. 

Our results indicate that the implementation of regional feed supply chains leads to lower livestock 
production in Europe. However, huge differences in magnitude can be observed, depending on the 
background scenario. In scenarios with already high production levels, the drop in production is much 
more pronounced than in scenarios with comparatively low European livestock production. In the latter, 
the feed market is more relaxed and can absorb the feed regionalization constrain more easily and without 
major impacts on production. A clear relation between the initial production level and the significance of 
the impacts from regionalization could be observed. 

Observed impacts on prices mirror the production impacts. In scenarios with high initial livestock 
production, the available resources are used already to a large extend and huge amounts of feedstuff are 
imported in Europe. Consequently, price reactions are much more pronounced since the additional 
restriction on feed origins puts strong pressure on the market. 

In combination with a relatively inelastic European demand, a strong decline in production leads to a 
relatively strong increase in imports for livestock products (instead of feed crops), to compensate for the 
production shortfalls. However, the import of livestock products obviously undermines the concept of 
regional consumption. Thus, our analysis shows that with a mainly meat based diet of the European 
population, regional supply chains are not achievable. Contrarily, with more plant based diets and less 
consumption of livestock products, the concept of regionalized feed supply chains would be feasible in 
Europe.  

In the paper at hand, we focus on the regionalization of feed supply chains, but we do not implement 
constraints on imports of livestock products, neither is the consumption of livestock products restricted 
by regionality. These shortcoming should be addressed in the future, to estimate the full impacts of a 
regionalized consumption and production of food. However, our analysis is a methodological step in this 
direction and gives insights into the processes that have to be taken into consideration.  
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