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Annex 1. Variation of manure N efficiency 

A review was undertaken by AEA of the variation of the manure N efficiency according to the type of 
manure in each Member State (AEA, 2010). Manure-N efficiency refers to the efficiency with which the 
N contained in the manure can be used by the crops. Table 1 summarises the results from this review. 
The review indicates that in most cases estimates of manure-N efficiency were based on field 
measurements supplemented by literature review or developed by modelling. For some Member 
States, values were derived from the literature of comparable countries.  

Table 1 – Manure N efficiency per type of manure in  selected Member States, in percentage of total N  

Member State 
Cattle Pigs Laying Hen 

Broiler Sheep 

Slurry Solid Slurry Solid Slurry Solid 

Austria 50 5-15 65 5-15 60 30 30 - 

Belgium (Fl) 60 30 60 30 60 30 30 30 

Bulgaria 20-35 20 40-45 20 40-50 40-50 40-50 - 

Czech Republic 60 40 60 40 60 40 40 40 

Denmark 70 65 75 65 70 65 65 65 

Estonia 50 25 50 25 50 25 25 25 

Germany 50 25-30 60 25-30 60 30 60 - 

Greece 20-35 10 25-45 10 20-30 20-30 20-30 10 

Ireland 40 30 50 50 50 50 50 - 

Italy 24-62 24-62 28-73 28-73 32-84 32-84 32-84 - 

Latvia 50 25 50 25 30 25 25 - 

Luxembourg 25-50 30-50 30-60 30-50 - 50 50 - 

Netherlands 60 40 6-70 55 60-70 55 55 - 

Poland 50-60 30 50-60 30 50-60 30 30 30 

Portugal 55-75 30-60 50-80 40-60 50-70 40-60 40-60 40-60 

Romania 50 30 50 30 - 30 50 - 

Slovakia 50 30 50 30 30 50 50 - 

Slovenia 50 30 50 30 30 30 50 - 

Sweden 40-50 36-41 57 47 - 48 47-57 38 

UK 20-35 10 25-50 10 - 20-35 20-30 10 

Source: (AEA, 2010) 

The review concluded that very few Member States have regional differences in manure N efficiency. 
It also observed that there is no systematic variation across the EU of the manure N efficiency that 
could be related to climate. The report noted that a greater recognition of the differences among soils 
in crop recovery of N could enable a more accurate assessment of crop uptake and any subsequent N 
fertiliser requirement. 
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Annex 2. Typical content of nutrients for manure for 
different livestock 

Table 2 – Typical content of nutrients for manure f or different livestock  

Manure type 
Total nutrients (kg/t for solid and kg/m3 for liqui d) 

Nitrogen (N) Phosphate (P 2O5) Potash (K 2O) 

Solid manure 

Cattle farmyard manure 6.0 3.5 8.0 

Pig farmyard manure 7.0 7.0 5.0 

Sheep farmyard manure 6.0 2.0 3.0 

Duck manure 6.5 5.5 7.5 

Layer hen manure 16 13 9 

Broiler / turkey litter 30 25 18 

Slurries / liquids manure (dry matter (6 %)) 

Dairy 3.0 1.2 3.5 

Beef 2.3 1.2 2.7 

Pig 5.0 3.0 3.0 

Source: (Chambers, et al., 2001) 

Note: The table presents typical data for manure nutrient content. To determine ‘typical’ values the 
review analysed a large number of samples. These content can vary depending on housing systems, 
feed, geography, and production level. 
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Annex 3. Factors influencing ammonia volatilisation 

Table 3 presents a summary of the main factors affecting the volatilisation of ammonia from fertiliser 
and their influence on volatilisation (i.e. increase or decrease). 

Table 3 – Influence of factors on ammonia volatilis ation 

Factor  Direction of change  

Fertiliser properties  Total ammoniacal nitrogen (NH4
+ and NH3) content + 

Water content - 

Dry matter content  + 

Crustation (for manure) - 

Composition of fertiliser +/- 

Temperature of solution + 

Surface exposed + 

Resistance to NH3 transfer - 

Meteorological factors Air temperature + 

Solar radiation + 

Wind speed + 

Rainfall - 

Relative humidity - 

Crop and soil properties Presence of crop residues + 

Soil moisture content +/- 

Infiltration rate - 

Cation exchange content - 

Soil pH + 

Source: Reproduced and adapted from (Huijsmans, 2003) 

The main factors affecting the volatilisation process leading to emissions of ammonia are described 
below. 

Fertiliser properties 

Emissions to air of ammonia vary from 6 to 47 % of applied nitrogen (N), depending on the type of 
fertiliser used (Hutchings, et al., 2009). However, direct emissions of ammonia only occur from 
fertilisers containing nitrogen as ammonium (NH4

+) or where the fertiliser is rapidly decomposed into 
NH4

+. Fertilisers that contains N only as nitrate (NO3
-) are not direct sources of ammonia emissions, 

however these fertilisers may lead to emissions of ammonia via the crop foliage.  

Crop emissions are due to the increase in the concentration of nitrogen in the leaves and are 
influenced by the concentration of ammonia in the air. Emissions are more important from annual 
cereal crops than from agricultural grassland as most of them occur during the grain-ripening phase 
(Hutchings, et al., 2009).  

Emissions to air of ammonia vary according to the specific type of fertilisers used. Furthermore 
ammonia emissions from ammonium nitrates fertiliser (AN) have been reported but they are on a 
more limited range which did not exceed 4 % of the applied N. Emissions from the application of urea 
based fertilisers are more important than from other fertilisers with the exception of ammonium 
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sulphate (AS) and di-ammonium phosphate (DAP) and for alkaline soils. This is because N applied to 
the soil in the form of urea is rapidly hydrolysed to ammonium carbonate and NH4

+, which in turn 
provide the main source of ammonia (Hutchings, et al., 2009). However, the extent to which these 
fertilisers generate ammonia is unclear as there are few estimates available of ammonia emissions 
from AS and DAP. Finally, it is considered that emissions from urea ammonium nitrate (UAN) 
solutions are in between those from urea and those from AN granules.  

The form of the fertiliser is also relevant. Whilst most of the fertilisers are applied as solids, providing 
that there is sufficient moisture in the air or the soil, the fertiliser can dissolve and increase emissions 
of ammonia. 

For manure, the composition and the dry matter content are important factors influencing the 
volatilisation process however other factors such as the type of livestock which has excreted the 
manure is important. Different livestock have different excretion and retention rates of nutrients which 
are influenced by the housing system, the feed and the storage of the manure (see section 2.2.1). 
Manure with a high concentration of ammonium due to a low water content (i.e. a high dry matter 
content) has potential for higher volatilisation, especially when it is applied on soils with poor infiltration 
rate. The dilution of the manure reduces the concentration of ammonium and improves the infiltration 
into the soils, which can reduce volatilisation from 25 to 50 % (Huijsmans, 2003). However, the volume 
of diluted manure applied is higher than undiluted manure. As a result, this may slow down the 
infiltration into the soil and counteract the effect of dilution on the reduction of ammonia volatilisation. 

The concentration of ammonia contained in the aqueous part of the manure is affected by the pH of 
the manure. At a temperature of 10° to 30°C and pH 7, less than 1 % of the total ammoniacal nitrogen 
is present in the manure as ammonia. However for manure at pH 10 this share rises to 50 %. 
Consequently, the acidification of manure before the application can reduce ammonia volatilisation 
(Huijsmans, 2003). 

Meteorological factors 

The meteorological conditions and timing of application are important factors influencing volatilisation. 
However, there is no full agreement on the influence and impacts of specific meteorological conditions 
on the volatilisation of ammonia (Huijsmans, 2003). A 2003 study indicated that temperature, relative 
humidity and wind speed are the main relevant factors (Huijsmans, 2003). The following effects are 
highlighted: 

·  Emissions of ammonia to air increase with temperature and wind speed. A higher manure 
temperature increases the formation of gaseous ammonia in the manure and the presence of gas 
decreases the solubility of ammonia in water. When the ammonia concentration in the air is lower 
than the concentration in the manure, the evaporation of water from the manure stimulates 
ammonia volatilisation. Furthermore high wind speeds can dry the upper layer of the soil and 
improve the infiltration, resulting in decreased ammonia volatilisation. However, ammonia is also 
removed by the wind and if the ammonia concentration in the air stays low, the volatilisation will be 
increased (Huijsmans, 2003); 

·  In dry conditions a crust may form at the outer layer of the manure which can act as a barrier 
against diffusion of ammonia from the manure (Huijsmans, 2003). A high temperature encourages 
the formation of this crust.  

·  In a dry soil, fertilisers may infiltrate deeper through small pores. However, the review of literature 
has also found argument in favour of volatilisation of ammonia being highest on dry and on very 
wet soils due to the poor infiltration into the soil (Huijsmans, 2003). Rainfall before the application 
of the fertiliser affects the soil moisture and it can dilute the fertiliser and decrease its incorporation 
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into the soil. However, it was also found that rainfall directly after the application can reduce the 
emissions of ammonia by improving the penetration of the fertiliser in the soil (Black, et al., 2006). 

Crops and soil properties 

pH of the soil 

The pH of the soil has an impact on the potential for NH3 volatilisation of the nitrogen contained in 
fertilisers (Hutchings, et al., 2009). If the soil is acidic (pH values less than ca. 7) the volatilisation 
tends to be limited. Conversely, where the soil is alkaline (pH values over ca. 8.5), the potential for 
volatilisation of ammonia is greater. It has been observed that ammonia losses from AS and DAP 
significantly increase with alkaline pH. However, this is not the case for urea which does not react to 
the same extent to the soil pH (Hutchings, et al., 2009).  

Cation Exchange Capacity of the soil 

The Cation Exchange Capacity (CEC) reflects the maximum content capacity of cations for the soil, at 
a given pH, that are available for exchange. The CEC influences the hydrolysis and precipitation 
reactions. Large soil CEC can lead to a reduction of ammonia volatilisation by reducing the 
concentration of NH4

+ in the soil through adsorption of NH4
+ (Hutchings, et al., 2009). 
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Annex 4. Emission factors for ammonia from livestock 

Table 4 presents the emission factors provided by the EMEP guidebook from housing, manure 
storage, spreading or outdoor grazing of livestock. 

Table 4 – Emission factors for ammonia (tier 2) fro m livestock 

Livestock Manure type EF housing EF yard EF storage EF spreading  EF grazing / 
outdoor 

Dairy cows 
Slurry 0.20 0.30 0.20 0.55 0.10 

Solid 0.19 0.30 0.27 0.79 0.10 

Other cattle 
Slurry 0.20 0.53 0.20 0.55 0.06 

Solid 0.19 0.53 0.27 0.79 0.06 

Fattening pigs 
Slurry 0.28 0.53 0.14 

 
0.40 - 

Solid 0.27 0.53 0.45 0.81 - 

Sows 

Slurry 0.22 NA 0.14 0.29 - 

Solid 0.25 NA 0.45 0.81 - 

Outdoor     0.25 

Sheep and 
goats 

Solid 0.22 0.75 0.28 0.90 0.09 

Horses Solid 0.22 NA 0.35 0.90 0.35 

Laying hens 
Solid 0.41 NA 0.14 0.69 - 

Slurry 0.41 NA 0.14 0.69 - 

Broilers Solid 0.28 NA 0.17 0.66 - 

Turkeys Solid 0.35 NA 0.24 0.54 - 

Duck Solid 0.24 NA 0.24 0.54 - 

Geese Solid 0.57 NA 0.16 0.45 - 

Fur animals Solid 0.27 NA 0.09 NA - 

Buffalo Solid 0.20 NA 0.17 0.55 0.13 

Source: EMEP Guidebook (Hutchings, et al., 2013) 

Table 5 presents the emission factors to calculate emissions of ammonia from different type of 
fertilisers. The values are kg of NH3 volatilised per kg of fertiliser N applied and the mean spring 
temperature (ts) in °C. The multipliers are to be used when the fe rtilisers are applied to soils with pH 
content above 7.0. 
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Table 5 – Emission factors for NH 3 from soils due to NH 3 volatilisation (tier 2) 

Fertiliser type Emission factor Multiplier 

Ammonium sulphate  = 0.0107 + 0.0006 ts 10 

Ammonium nitrate = 0.0080 + 0.0001 ts 1 

Calcium ammonium nitrate = 0.0080 + 0.0001 ts 1 

Anhydrous ammonia = 0.0127 + 0.0012 ts 4 

Urea = 0.1067 + 0.0035 ts 1 

Nitrogen solutions = 0.0481 + 0.0025 ts 1 

Ammonium phosphates = 0.0107 + 0.0006 ts 10 

Other NK and NPK = 0.0080 + 0.0001 ts 1 

Source: EMEP Guidebook (Hutchings, et al., 2009) 
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Annex 5. Emission factors for NO from manure 

Several emission factors have been identified for calculating emissions of NO ranging from 0.5 to 1 % 
of the total N applied to soil. The EMEP guidebook recommends using 0.026 kg.kg-1 fertiliser N 
applied (tier 1). This emission factor is a weighted average of emission factors for grassland and 
cropland. No tier 2 or 3 methodology is available for nitric oxide. Activities such as tillage and 
incorporation are considered to increase NO emissions by 4 for a period up to 3 weeks (Hutchings, et 
al., 2009). 

There is little information available on emission of NO from livestock manures during housing and 
storage, and these are not considered to be significant sources of emissions. However, it is 
considered that nitrification process would occur following the deposition of excreta during grazing. 
Tier 1 emission factors are available for emissions of NO from manure and are presented in Table 6 
(Hutchings, et al., 2013). 

Table 6 – Emission factors for NO from manure by ty pe of livestock and manure 

Livestock  Manure  type  Emission factor (kg.a -1.AAP -1 NO) 

Dairy cow 
Slurry 0.007 

Solid 0.154 

Other cattle 
Slurry 0.002 

Solid 0.094 

Fattening pigs 
Slurry 0.001 

Solid 0.045 

Sows 
Slurry 0.004 

Solid 0.132 

Sheep Solid 0.005 

Horses, mules and asses Solid 0.131 

Laying hens 
Solid 0.003 

slurry 0.0001 

Broilers Litter 0.001 

Duck Litter 0.004 

Geese Litter 0.001 

Turkeys Litter 0.005 

Fur animals Solid 0.0002 

Buffalo solid 0.043 

Source: EMEP, (Hutchings, et al., 2013) 

The EMEP guidebook notes that there is not a lot of information available on the relationship between 
the type of fertiliser used and the quantity of NO emitted, however, it is considered that the substitution 
of AN for urea may lead to reduction of NO emissions. 
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Annex 6. Nitrate content in water in the EU 

 
Note: Frequency diagram of groundwater classes (Annual average nitrate concentrations)1,2. Results are 

presented for all groundwater stations at different depths. 

Source: (European Commission, 2013)  

Figure 1 – Nitrate content of groundwater monitorin g stations in the EU-27 for the period 2008-2011 

                                                   

1 Groundwater stations with long-term low nitrate concentrations were not measured every four years in all cases. 

As a result, the figure may show a slightly over-populated percentage of stations with high nitrate concentrations. 

2 Comparison of Figure 6 with Figure 2 of the Commission Staff Working Paper accompanying document to the 

report from the Commission to the Council and the European Parliament on implementation of Council Directive 

91/676/EEC concerning the protection of waters against pollution caused by nitrates from agricultural sources 

based on Member State reports for the period 2004 -2007 may be hampered due to substantial differences in the 

number of the monitored stations (e.g. Austria, since it reported data for all monitoring stations in the period 2008-

2011, while aggregated data were reported in the period 2004-2007). 



  

17 Resource Efficiency in Practice – Closing Minera l Cycles  | Annexes of the final report 

 
Note: Frequency diagram of annual average nitrate concentrations in fresh surface water classes.  

Source: (European Commission, 2013) 

Figure 2 – Nitrate content of surface water monitor ing stations in the EU-27 for the period 2008-2011 

 
Note: Frequency diagram of annual average nitrate concentrations in different surface water bodies. 

Source: (European Commission, 2013) 

Figure 3 – Nitrate content of monitoring stations i n fresh and saline surface waters, averaged over th e EU-
27 for the period 2008-2011 
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Source: (European Commission, 2013) 

Figure 4 – Nitrate Vulnerable Zones in EU-27 in 201 2 
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Annex 7. Sources for nutrient balance calculations 

This table details the sources of the different parameters for the calculation of nutrient balance. 

Table 7 – Sources for nutrient balance calculations  

    
Parameter Author Year Perimeter  Scale 

Land use 

Grizzetti 
2007 

Land cover type Corine Land Cover 2000 
Europe (> 
EU 27)  NUTS 3 

Crop share and crop 
type + livestock 
share and type 

Farm Structure 
Survey 2000 EU 15 NUTS 3 

Bouraoui 
2011 

Area occupied by 
agriculture and 

pasture 

HYDE (Klein 
Goldewijk and Van 

Drecht, 2006) 

1985, 
1990, 
1995, 

2000 and 
2005 

World   Region 

Urban and water 
cover type 

GLC2000 
(Bartholomé and 
Belward, 2005) 

2000 World Country  

Crop share and crop 
type 

 CAPRI (Britz, 
2004)  

1985, 
1990, 
1995, 
2000, 
2004 

EU 27 NUTS2 

Leip 2011 Land use 
Capri model and 

Eurostat 
Not 

identified 
 EU 27 NUTS2 

Crop uptake  

Grizzetti 
2007 

Crop yield Eurostat 2000 EU15  NUTS2 

Uptake coefficient OECD 2007 
Generic 

data  Generic data 

Bouraoui 
2011 

Crop yield FAO Not 
identified 

World Country  

Uptake coefficient Not identified 
Not 

identified 
Generic 

data Generic data  

Leip 2011 
Crop yield Genevose, 2007 2007  Europe (> 

EU 27)  
Country 

Uptake coefficient Eurostat  
Not 

identified 
Generic 

data Generic data  

Mineral 
fertilisers 

(NP) 

Grizzetti 
2007 

Crop area IFA and FSS 
2006 and 

2000  EU 27 
Country/NUTS 

2 

Application rate for 
each crop 

IFA and FSS 2006 and 
2000 

Not 
identified 

Country 

Bouraoui 
2011 

Crop area CAPRI (FSS) 2004   EU 15 NUTS3 

Application rate for 
each crop 

FAO 2006 World Country 

Leip 2011 

Crop area IFA and FAO 
Not 

identified  World Region 

Application rate for 
each crop FAO/IFMA 

Not 
identified World Country 

Livestock 
manure (NP)  

Grizzetti 
2007 

Livestock number per 
animal category FSS 2000  EU 27 NUTS3 

N - Excretion 
coefficient per head 

OECD 2007 OECD 
members 

Country 

Bouraoui 
2011 

Livestock number per 
animal category FAO 

Not 
identified World Country 
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Parameter Author Year Perimeter  Scale 

N - Excretion 
coefficient per head 

Not identified Not 
identified 

Generic 
data 

Generic data 

Leip 2011 

Livestock number per 
animal category FSS  2000 EU 27  NUT2/3 

N - Excretion 
coefficient per head Calculated 

Not 
applicable 

Generic 
data Generic data 

N - 
atmospheric 
deposition 

Grizzetti 
2007 

Nitrogen atmospheric 
deposition EMEP 2001 EU 27 50x50km 

Bouraoui 
2011 

Nitrogen atmospheric 
deposition 

EMEP 2005 EU 27  50x50km 

Leip 2011 Nitrogen atmospheric 
deposition 

EMEP 2001 EU 27  50x50km 

Biological 
fixation 

Grizzetti 
2007 

Nitrogen fixation 
coefficient per crop 

OECD 2007 OECD 
members 

Country 

Bouraoui 
2011 

Nitrogen fixation 
coefficient per crop Not identified 

 Not 
identified 

Generic 
data Generic data 

Leip 2011 
Nitrogen fixation 

coefficient per crop Calculated 
Not 

applicable 
Generic 

data Generic data 
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Annex 8. Comparison between nutrient balance and manure inputs, data for the year 
2000 

 
Source: (Grizzetti, et al., 2007) 

 
Source: (Grizzetti, et al., 2007) 

Figure 5 – European map of nitrogen balance per tot al surface in EU15, average on 
10km2 area  

Figure 6 – European map of nitrogen manure input pe r total surface in EU15, average 
on 10km2 area �
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Annex 9. Maps on N leaching 

 
Source: (de Vries, et al., 2011)�

Source: (Velthof, et al., 2007) 
 

�������� (Velthof, et al., 2014)�

Figure 7 – Regional pattern of N leaching plus run- off 
in the year 2000 in EU-27 

Figure 8 – Leaching 
fractions in percentage of 

the N surplus 

 

Figure 9 – N leaching and run-off from agriculture in 
the EU-27 in 2008 (kg N per ha of agricultural land  per 

year)  
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Annex 10. Maps on NH3, N2O and NOx emissions 

�
Source: (de Vries, et al., 2011)� Source: (Velthof, et al., 2010) 

�
Source: (Leip, et al., 2011) 

Figure 10 – Total NH 3 emissions from agriculture in 
the year 2000 in EU-27 

Figure 11 – Total NH 3 emission from agriculture in 
2008 per NUTS 2 region (kg N/ha of agricultural lan d 

per year) �
Figure 12 – Total NH 3 emissions in the EU-27 in 2000 

(kg N per 100 ha of land per year) �
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Source: (de Vries, et al., 2011) 

 
Source: (Velthof, et al., 2010) 

 
Source: (Leip, et al., 2011) 

Figure 13 – Total N 2O emissions from agriculture in 
the year 2000 in EU-27  

Figure 14 – Total N 2O emission from agriculture in 
2008 per NUTS 2 region (kg N/ha of agricultural lan d 

per year) �
Figure 15 – Total N 2O emissions in the EU-27 in 2000 

(kg N per 100 ha land per year) �
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Source: (Velthof, et al., 2010) 

 
Source: (Velthof, et al., 2014) 

Figure 16 – Total NO x emission from agriculture in 2008 per NUTS 2 regio n (kg 
N/ha of agricultural land per year)  

Figure 17 – NOx emissions from agriculture in the E U-27 in 2008 (kg N per ha of 
agricultural land per year) �
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Annex 11. Complementary criteria used for the 
selection of regions 

Farming systems 

Type of agricultural production 

All farming production potentially concerned by nutrient surpluses have been taken into account while 
selecting the regions. Therefore, due to their effect on nutrient fate, regions with livestock production 
and/or horticulture production that present surplus must have been selected.  

Regions with livestock production and in particular high livestock density are already mentioned in 
Table 15 of the Revised Final Report. The regions that have the highest livestock density are Belgium 
(Flanders), Denmark, Greece (Ipeiros), Spain (Catalonia), France (Brittany), Italy (Lombardy), Malta, 
the Netherlands, and Portugal (Madeira).  

Regarding horticulture, the average share of horticulture production at national level is 2.9 % of the 
UAA in 2012 (Eurostat, 2013). France has the largest area dedicated to horticulture production, mainly 
due to fruit production. The regions with a high share of UAA dedicated to horticulture production are 
presented in Table 8.  
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Table 8 – Regions with high share of UAA dedicated to horticulture production 3 per UAA (> 7.8 % 4) in 2012  

Member State NUTS 2 region 

Presence of 
saturated 
areas (as 

mentioned in 
Table 15 of 
the Revised 
Final Report)  

Share of UAA 
dedicated to 
horticulture 

production (%) 

Area of 
horticulture 
production 
(1000 ha) 

Austria Wien  12.3 % 1 

Belgium 
Prov. West-Vlaanderen 
(Flanders) x 8.7 % 18 

Cyprus Cyprus  27.4 % 32 

France Aquitaine  13.2 % 201 

France Languedoc-Roussillon  27.0 % 263 

France Provence Alpes Cote d’Azur  17.2 % 137 

France Guadeloupe  8.2 % 5 

France Martinique  27.3 % 9 

France Guyana  20.0 % 5 

France Réunion  10.2 % 5 

Malta Malta  15.9 % 2 

Netherlands Flevoland  24.3 % 21 

Netherlands Noord-Holland  16.7 % 21 

Netherlands Zeeland x 9.3 % 11 

Netherlands Limburg x 10.1 % 10 

Portugal Lisboa  7.9 % 6 

Portugal Região Autónoma da Madeira  17.9 % 1 

Spain Murcia x 9.2 % 52.7 

Spain Canarias  7.8 % 7.2 

Source: (Eurostat, 2013) 

Among the Member States that present high nutrient surplus for 2000-2005 (see Table 15 of the 
Revised Final Report), Belgium (Flanders), the Netherlands (Zeeland and Limburg) and Spain 
(Murcia) are regions with high share of areas with horticulture production. For the development of this 
study, it was decided that one or several of these regions would be included in the selection.  

Size of holdings  

Size of holdings depends on the type of farming system but also on the economic, social and cultural 
context. Thus, the management techniques chosen by farmers are different for a large holding and for 
a small holding, in addition to the influence of the economic and human resources available. 
Therefore, a particular attention is paid to select regions with various average sizes of holdings.  

                                                   

3 Vegetables, melons and strawberry, flowers and ornamental plants and fruits, including wine and olives 

4 The regions with high share of area dedicated to horticulture production are the regions with the 10 % highest 

share (above 7.8 %).  
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Source: (Eurostat, 2012) 

Figure 18 – Average size of farms (ha UAA / holding ) for the year 2010 �

Romania is the Member State with the smallest average size of holding with an average of 3.4 
ha/holding while the Member State with the largest size of holding is the Czech Republic with an 
average of 152.4 ha/holding (Eurostat, 2013).  

Among the regions that are saturated in nutrients, the size of holdings is diversified (see. Table 9), 
regarding both the average size at national level and the heterogeneity of size between regions. The 
choice of the regions has taken into account a diversity of holding’s size. Furthermore, it is interesting 
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to notice that no significant link can be noticed at first sight between the level of saturation and the 
average size of holdings. 

Table 9 – Average size of holdings of Member States  that have saturated regions 

Member State Average size of holding 
(ha/holding) 

Minimum and maximum 
average size of holding 

(ha/holding) 

Italy 7.9 4 - 19 

Hungary 8.1 5.6 – 10.1 

Poland 9.6 4.0 – 29.4 

Spain 24 3.9 – 54.6 

Netherlands 25.9 18.5 - 48.3 

Belgium 31.7 13.5 – 60.7 

Ireland 35.7 31.1 – 40.8 

Finland 35.9 33.3 – 44.7 

Sweden 43.1 27.5 – 60.2 

France 53.9 4 – 113.1 

Germany 55.8 18.4 – 285.6 

Denmark 62.9 43.0 – 67.2 

United Kingdom 90.4 43.2 – 200.5 

Czech Republic 152.4 127.8 – 183.0 

Source: (Eurostat, 2013) 

Intensity level of the farming system 

Farming systems are defined by their combination of soil, livestock, water, and landscape 
management practices. They are characterised by different levels of intensity, ranging from intensive 
systems, focused on maximising production, to more extensive systems focused on limiting inputs, 
field operations and/or ensuring the ecological sustainability of the productive system. 

Therefore, intensive and extensive systems imply the use of different practices that affect nutrient 
saturation differently. Eurostat estimates the intensity of a farm though the inputs expenditures per 
hectare of land (see Figure 19).  
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Source: (Eurostat, 2012) 

Figure 19 – Average yearly inputs expenditures (€/h a) for 2005-2007 and change between the average 
yearly (1995-1997) and (2005-2007) inputs expenditu res (%) for EU-27 �

The most saturated regions and Spain (Catalonia and Murcia) spend more than € 300 per hectare, 
except for Ireland. In Ireland and less saturated regions such as Western United Kingdom, Czech 
Republic, Poland, Western Hungary, Southern Finland, and Skane County from Sweden, the 
expenditure is included between € 150 and 300 per hectare (Eurostat, 2013).  

Among the extensive production systems, data is available on organic farming in the EU. Organic 
farming is not representative of all extensive production systems. However, it can provide a first level 
of information on the regional farming practices and level of intensity. The average share of organic 
farming is 4.2 % of UAA in EU-28 (Eurostat, 2013) with a heterogeneous distribution within EU from 
0 % to 30.8 % for Severozápad region in Czech Republic. The regions that present the highest rate 
(>10 %) are mostly in Eastern Europe is Czech Republic (North and West), Estonia, Austria, Spain 
(Murcia), Italy (South), Netherlands (North-Brabant and Limburg), Germany (Brandenburg) and 
Sweden (South). The Member States with the lowest rate (<1 %) are Belgium (Flanders), France 
(North), Ireland, Germany (centre), Spain (centre), Poland (centre), Bulgaria, Romania, and Hungary 
(West) (Figure 20).  
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�
Source: (European Commission, 2013) 

Figure 20 – Share of the organic area in the total UAA in 2010 �

Soil and climate conditions 

Soil conditions 

Soil characteristics such as soil texture, soil structure and soil organic matter (SOM) content highly 
affects water and nutrient retention capacity in soil (Lockwood, et al., 2014, on going):  

·  Soil texture  (Figure 21) represents the physical texture of soil related to the relative proportion of 
three texture classes: clay (<0.02 mm), silt (<0.075 mm) and sand (<2mm).  

·  Soil structure  (Figure 22) is the arrangement of solid parts of soil and pore space located between 
them (Marshall, et al., 1979).  

·  Soil organic matter  (Figure 23) represents the organic fraction of soil, including components from 
organic compounds such as carbon, hydrogen, nitrogen or phosphorus. 

Land degradation encompasses many different issues that affect soil characteristics. It also includes 
soil erosion. Soil erosion  (Figure 24 and Figure 25) consists of the removal of soil material by water 
or wind. It is a natural process, occurring over geological time (Joint Research Centre, 2012a). The 
soil characteristics of saturated regions are described qualitatively in Table 10.  
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Table 10 – Qualitative assessment of soil character istics of saturated regions 

Saturated areas 
Main soil 
texture 

Soil structure  SOM 
Soil erosion 

(water or 
wind) 

Regions with a high level of saturation for one or two nutrients 

Netherlands South Sa/Si/C ++ ++ +++ 

Belgium Flanders Sa/Si +++ + ++ 

Italy 
Po Valley Sa ++++ 0 + 

Lombardy5 Sa ++++ 0 0 

Denmark 
Mid Jutland Sa ++ ++ +++ 

South Jutland Sa ++ ++ +++ 

Germany 

North West Si ++ +++ ++ 

East Sa ++ ++ + 

South Sa/Si ++ ++ 0 

France Brittany Si ++ + ++++ 

Ireland 
East Si ++ ++ + 

West Sa + ++++ 0 

Spain Catalonia Si ++ + 0 

Regions with a high level of saturation for one or two nutrients 

United Kingdom South West Sa/Si/C + +++ ++ 

Czech Republic Whole country Sa ++ ++ 0 

Spain Murcia Si/C ++++ 0 0 

Hungary South West Si ++ ++ 0 

Sweden Skane county Si + ++++ 0 

Poland West centre Sa ++ +++ ++ 

Finland South Sa/C + +++ 0 

Legend: Texture: Sa=mostly sand; Si=mostly silt; C=mostly clay; several letter (e.g.Si/C) means 
that the region present distinct area with different soil texture 

 Structure, SOM and erosion: “0” to “++++”: increasing level of bulk density, SOM and 
erosion 

Source: (Joint Research Centre, 2012). 

                                                   

5 Part of the Po Valley region 
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�

 

 
Source: (Joint Research Centre, 2012) Source: (Joint Research Centre, 2012) Source��(Joint Research Centre, 2012) 

Figure 21 – Top texture class 6 Figure 22 – Top structure expressed through soil 
bulk density 

Figure 23 – Top Soil Organic Matter Content 

                                                   

6 Coarse (18 % < clay and > 65 % sand); Medium (18 % < clay < 35 % and >= 15 % sand, or 18 % < clay and 15 % < sand < 65 %); Medium fine (< 35 % clay and < 15 % 

sand); Fine (35 % < clay < 60 %); Very fine (clay > 60 %); No mineral texture (Peat soils) 
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Source: (Jones, 2012) 

 
Source: (Joint Research Centre, 2013) 

Figure 24 – Erosion by water in 2006  Figure 25 – G eographic spread of areas prone to wind erosion (19 61-1990) 
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Water availability 

Water stress and scarcity7 are generally more pronounced during summer months in Southern Europe 
even if some northern countries including UK and Germany have been confronted to the phenomena 
in the last few years. Nine EU countries can be considered water-stressed: Cyprus, Bulgaria, Belgium, 
Spain, Malta, Italy, UK, Greece and Germany. France (North), Poland (West) and Czech Republic 
present medium water stress. Water scarcity is expected to affect half of EU river basins in 2030 
(European Commission, 2012) (EEA, 2005). Among the saturated regions, Belgium (Flanders), the 
Netherland (South) and Spain (Murcia) show severe water stress. 

 

 
Source: (EEA, 2005)�

Figure 26 – Water stress in European river basin fo r the year 2000 �

                                                   

7 A water body is considered to be under limited availability, or “stress”, when the abstraction of freshwater 

represents 20 % of the long-term average freshwater resources. Severe scarcity occurs where this percentage 

exceeds 40 %. 



  

36 Resource Efficiency in Practice – Closing Minera l Cycles  | Annexes of the final report 

 

 

Source: (BIO Intelligence Service, 2013) 

Figure 27 – Relative soil water content difference map (between 2000 and 2010) based on the 
different agricultural practices and their impact o n the key soil parameters  

The map shows decreasing trends in SWR capacity in the Netherlands, France (centre and North), the 
United Kingdom (West), Portugal (North), and Germany (centre and South) in the range of -15 % to -
20 %. It also shows moderate decreasing trends in Romania (centre), Poland (East), and west parts of 
Greece and Latvia (-10 % to -15 %). Increasing trends in SWR capacity can be observed (between 
+15 to +20 %) in France (North East), Germany (centre), Italy (North and South), Spain (centre and 
South), most of Poland, the United Kingdom (East), most parts of Bulgaria, Lithuania and Denmark 
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(North). Finally, neutral (stable ±2 %) trends in SWR capacity can be observed in most of Ireland 
(except the wider Dublin area), France (West) and central-east parts of the United Kingdom. 

Climate conditions 

 
Source: (Joint Research Centre, 2012) 

Figure 28 – Mean annual temperature �

Warm regions are located in Spain and Portugal, in particular in the south and in Italy (South), Malta, 
Cyprus and Greece, while the Alps and North Sweden and Finland present the lowest temperature.  

Precipitation deficit affects water availability for plant and nutrient assimilation by plant. Precipitation 
data are available on Figure 29, while precipitation deficit is partially expressed through the Figure 26 
that show water stress distribution.  

 
Source: (Joint Research Centre, 2012) 

Figure 29 – Mean annual precipitation �



  

38 Resource Efficiency in Practice – Closing Minera l Cycles  | Annexes of the final report 

Annex 12. Map of top soil potassium content 

 
Source: (Toth, et al., 2013) 

Figure 30 – Top soil potassium content of soil samp les from LUCAS project �
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Annex 13. Saturated regions not selected as study areas 

Table 11 – Comments on saturated region that were n ot selected 

 

Saturated 
area 

Proposed 
reference 
NUTS 2 
region 

Comments for the choice of the proposed reference N UTS 2 region within the 
proposed Member State 

Not selected regions 

Spain  Catalonia 
(ES51) 

Catalonia is the most saturated region is Spain, due to the intensive farming system 
and high livestock density. This results in environmental pressures, in particular high 
phosphorus loads to water. The soil is mostly made of silt with low SOM content.  
Considering that the focus of this project is not only on the most intensive areas, but 
also on areas with diverse conditions, Murcia was selected in consideration of its farm 
production system and its environmental conditions. 

Czech 
Republic 

Jihovychod 
(CZ06) 

Czech Republic is not the most saturated region in the EU-28 but shows one of the 
highest surplus of the EU-12 (new MS) and presents high nutrient loads in water. 
Jihovychod is one of the most saturated regions in in Czech Republic with the highest 
nitrogen concentration in water, the highest phosphorus load in water and NH3 
emissions. 
The farming system is moderately intensive with the largest average size of holdings 
among the saturated regions. The region shows medium livestock density, a low share 
of horticulture and low application rate of manure.  
The soil is sandy with medium soil content.  
Despite the above description, Czech Republic was not selected as a study area for 
the project. Among EU-12, Poland was chosen in consideration of the better 
availability of information on nutrients and their impacts for Poland, as well as the 
importance. 

United 
Kingdom 

South 
West* 

The United Kingdom presents a medium level of nutrient saturation, especially for P. 
South West is the region that shows the highest saturation level of the UK. The region 
presents moderate emissions to air and high risk of nitrogen leaching, leading to 
moderate N concentration in freshwater. It also shows moderate phosphorus load in 
water.  
The farming system is intensive, with one of the highest average sizes of holdings. The 
livestock density is moderate, as the share of horticulture production is high in South 
West UK. 
In the same geographical region, Ireland was preferred to the United Kingdom 
because South East Ireland is more saturated than South West UK, while the farming 
system appears to be less intensive. Moreover, Ireland has many organic soils that 
require a particular management to avoid losses of nutrients and GHG emissions. 

Flanders, 
Belgium 

West 
Flanders 
(BE25) 

Flanders is one of the most saturated regions in Europe. It is the most saturated region 
of Belgium for both N and P with considerable pollution risks.  
The farming system is intensive with one of the lowest mean holding size of the EU 
saturated regions. The region presents the third highest livestock density in the EU.  
The SOM content in soils is low and the region is considered to be severely water-
stressed.  
Flanders was not selected due to its similarity with another selected region (Southern 
Netherlands) in terms of level of saturation, pollution risk and farming system. Only 
one of the two areas was selected considering that the focus of this project is not only 
on the most intensive areas, but also on areas with diverse agricultural and 
environmental conditions. 

*NUTS1 region 
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Annex 14. Cost of environmental and health effects of 
nutrient saturation: economic damage categories 

In the report, a case-study approach is used to examine, in each region, the costs generated by 
nutrient saturation. 

The cost estimates encountered in the literature are used to show case how value damages have 
been assessed in the literature and what kind of economic losses associated with mineral saturation 
can be encountered in the eight regions. Several categories of costs are studied, as presented below. 

Economic damage assessment methodologies 

Following the general framework of environmental economics, the damages caused by unbalanced 
mineral cycles can be schematically classified in four categories: the clean-up and restoration costs 
(CRC), the use value damages (UVD), the passive-use  value/non-use value damages (PUVD) 
and the policy action costs (PAC ). 

·  Clean-up and restoration costs (CRC)  represent the human efforts that are put in place to 
deal with the pollutants and other forms of contaminations (e.g. green algae) caused by the 
excessive use of fertilisers and, if applicable, to accelerate the ecosystem self-recover. The 
magnitude of this category can be estimated in virtue of the market prices of equipment and 
the financial costs of physical operations including hiring human resources.  

·  Use value damages (UVD) consist of two components: (i) the market value damages (MD), 

which refer to the financial losses due to the reduced revenues derived from agricultural 
harvest and/or commercial fishing, as well as the increased healthcare expenditures in some 
extreme cases; (ii) the non-market value damages (NMD), which refer to the intangible 
economic losses associated with reduced recreational activities due to the destroyed 
freshwater & coastal environment and agricultural landscape.  

·  Passive use value damages (PUVD)  refer to the losses of non-use values of the freshwater 

ecosystems, wetlands & bogs, species rich grasslands, field layer of forests, and coastal 
ecosystems. These include the value damages due to negative effects on ecological 
functioning (e.g. reaction of nutrient-sensitive species), the lost amenity of affected areas (due 
to algae blooms and odour), the risks of existence benefits loss (e.g. local species extinction) 
and legacy benefits loss (Ding, et al., 2008). Moreover, this category also includes passive 
use value losses due to the reduced productivity stemming from the health issues related to 
nutrient saturation. Nevertheless, precise valuation of such non-use values is always difficult 
in practice due to the absence of market prices, but they need to be integrated into the cost 
assessment in order to better understand the long-term and wider range of socio-economic 
impacts of increased nutrient saturation.  

·  Policy actions costs (PAC) refer to costs associated with the policy efforts made in response 
to nutrient surplus. It includes e.g. scientific monitoring, communication and education plans 
and assistance to farmers in administrative procedures to meet the environmental standards. 
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Table 12 – Classification of economic damages cause d by environmental impacts 

Category of eco nomic 
damages 

Definitions Most suitable valuation 
techniques 

Clean up and 
Restoration Costs 

(CRC) 

- Costs of installing cleaning technique and hiring 
people to remove chemical contamination (algae 
removal, algae processing, water purification, etc.) 

Aggregate price analysis*, 
Clean up and restoration 
expenditure 

Use Value Damages 
(UVD) 

- Destruction of marine living resources with 
commercial value – e.g. fish and agricultural products 
(shellfish, etc.) 

Aggregate price analysis, 
Hedonic pricing 

- Losses of tourism benefits – e.g. potential visit and 
use of beaches (Recreational value losses) 
 
- Decreased recreational activities such as sport 
fishing, swimming, sailing, etc. (Recreational value 
losses) 

Tourism expenditures, 
Aggregate price analysis 
 
Travel cost method, 
Contingent valuation method 

Non-use Value/Passive-
Use Value Damages 

(PUVD) 

- Negative effects on freshwater and coastal 
ecosystems 

Production function method, 
Contingent valuation method 

- Amenity losses of the affected aquatic environment 
and agricultural landscape 

Travel cost method 
Contingent valuation method 

- Risk of loss of existing benefits – e.g. no knowledge 
guarantee that some ecosystem, natural habitat and 
respective species are locally extinct 

Contingent valuation method 

- Risk of loss of legacy benefits, 
e.g. no legacy of aquatic species for future 
generations 

Contingent valuation method 

- Negative effects on human health, e.g. reduced 
productivity due to diseases related to nutrient 
saturation pollution and increased death related to 
pollutants in the air 

Hedonic pricing, 
Contingent valuation method 

Policy action costs 
(PAC) 

- Costs of scientific studies, monitoring, advertising 
campaigns, assistance to farm managers to meet the 
environmental standards 

Actual costs of monitoring, 
management and policy 
implementation, etc. 

Source: (Ding, et al., 2008); Note: * Also known as market price valuation technique 

 

In the history of environmental valuation studies, economists have developed a number of specific 
techniques for assessing both market and non-market value damages (MD and NMD, respectively). 
The most widely used methods are aggregate price analysis, hedonic price method, travel cost 
method and contingent valuation method (CVM) (van den Bergh, et al., 2002). They can be separately 
or conjointly performed to deal with costs associated with different environmental damage aspects 
(See Table 12). 

Establishing the causal relationship between nutrie nt saturation and economic sectors 

Excessive application of fertilisers on farmlands can lead to nutrient leaching and run-off through the 
soil as well as emissions to the atmosphere, resulting in serious pollutions to the air, water and soil. 
Subsequent environmental impacts (e.g. eutrophication) can lead to reduced revenues from various 
economic sectors and/or increased expenditures for public authorities. Table 13 presents a mapping 
of the immediate consequences of nutrient saturation, the respective direct environmental impacts and 
the potentially affected economic sectors. 
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Table 13 – Mapping of the causal relationship betwe en nutrient saturation and the respective impacts o n 
economic sectors  

Immediate 
consequences 
of saturation 

Issues 
Environmental 

impacts * 

Directly affected 
economic 
sectors 

Type of economic damages  

CRC – 
Clean-up 

and 
Restoration 

Costs 

UVD – 
Use 

Value 
Damages  

PAC – 
Policy 
action 
costs 

PUVD –
Passive 

Use 
Value 

Damages  

Nitrogen 
emission to 
the 
atmosphere 

Release of 
NH3 to the air 

Air acidification – 
impact on 
ecosystems 

Health sector; 
agriculture sector 

 �  �  �  

Soil acidification 
– impact on 
ecosystems 

Agriculture 
sector; Water 
treatment sector 

 �  �  �  

Eutrophication 
(atmospheric 
deposition) – 
impact on 
ecosystems 

Tourism sector; 
Real estate 
sector; 
Fish farming; 
Agriculture sector 

 �  �  �  

Release of 
N2O to the air 

Climate change– 
impact on 
ecosystems 

Public health 
sector 
Agriculture sector 

 �  �  �  

Air acidification – 
impact on 
ecosystems 

Health sector; 
agriculture sector 

 �  �  �  

Release of 
NOx to the air 

Air pollution; Soil 
acidification – 
impact on 
ecosystems 

Public health 
sector 

 �  �  �  

Release of 
PM to the air 

Air pollution Public health 
sector 

 �  �  �  

Nitrogen 
leaching & 
run-off 

Over 
discharged 
nitrate into 
surface & 
groundwater 
bodies 

Changes in 
chemical and 
ecological status 
of surface waters 
and drinking 
water  

Water treatment 
sector 
Agriculture 
sector, 
Public health 
sector 

�  �  �  �  

Water 
eutrophication 

Algal blooms i.e. 
“green tides” – 
impact on 
ecosystems 

Tourism sector; 
Real estate 
sector; 
Fish farming 

�  �  �  �  

Changed 
community 
structure (fish & 
algae species 
composition) 

Fishery sector  �  �  �  

Phosphorus 
leaching and 
run-off 

Water 
eutrophication 

Algal and 
bacteria blooms 
– impact on 
ecosystems 

Water treatment 
sector 
Public health 
sector 

�  �  �  �  

In order to estimate the overall economic value of the damages associated with different 
environmental impacts and economic sectors, different types of values (as presented in Table 13) can 
be considered. These values relate to damages to some specific economic sectors or more broadly to 
the society as a whole. 
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The definitions of these economic values are derived from the literature of economic assessment of 
environmental damages (see section 0). It is important to note that Table 13 aims at presenting a list 
of economic value damages as exhaustive as possible from a theoretical point of view. However, not 
all of these values can be estimated in practice due to a lack of data or the complexity of the problem 
at stake. 
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Annex 15. Review of the good practices to close 
mineral cycles 

Key findings of the state of the art of the good practices are summarised in a table, available in a 
separate excel file. For each possible action, it provides a qualitative assessment of expected benefits 
for the different environmental compartments as well as some elements of feasibility, such as 
technical requirements, acceptability8, costs, and profitability. It shows the diversity of opportunities 
with different levels of cost-efficiency and allows the sorting of different options depending on the 
chosen entry (e.g. impacts, technical requirements, acceptability). This table allowed to identify the 
most relevant actions to be promoted for each case study, depending on the local specificities and 
challenges of the selected regions. 

                                                   

8 Acceptability is related to the probability that farmers agree to implement a measure considering the cultural 

context and farmers’ habits  
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