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1. Introduction
The present document aims to review how different types of land use and landscape
management practices can contribute to a more sustainable use of nitrogen (N) for
production while mitigating the negative effects of reactive nitrogen (Nr) in the environment,
and thereby summarize which elements to include in future joined-up nitrogen guidance for
air, water and climate co-benefits.
The work is related to the UN Task Force on Reactive Nitrogen (UNECE-TFRN,
http://www.clrtap-tfrn.org/). In line with previous guidance documents on Options for
Ammonia Mitigation (Bittman et al. 2014), it synthesizes knowledge from national and
international studies within the area, based on expert knowledge. In addition to the present
theme 4 document, three other theme background documents are prepared on 1) Principles
of overall nitrogen management (Oenema 2016), 2) Housed Livestock, manure storage and
manure processing (Amon 2016), and 3) Field application of organic and inorganic fertilizers
(Misselbrook et al. 2016). Thanks to support from the EU Commission, each of these subjects
will be further interrogated during the workshop: Towards joined-up nitrogen guidance for
air, water and climate co-benefits, in Brussels, October 11th and 12th, 2016, and the feedback will be synthesized for the further guidance development.

1.1. Why consider landscape level management?
There are at least, two important reasons to consider land use changes and landscape level
management practices for a better use of nitrogen, and the mitigation of unwanted air, water
or climate related Nr effects:
1. The problems with Nr can be addressed exactly where they appear; both in space and
time. For example hot spots of ammonia emissions from livestock houses and slurry
tanks can be mitigated by planting trees around the source area, specifically in the major
wind directions; or vegetation can be established specifically around protected nature
areas, or in buffer zones around protected streams, to effectively catch Nr right before it
reaches the vulnerable environment. Another example could be the strategic
establishment of smaller or larger wetlands to clean/treat polluted water from field drains
or dikes via denitrification and sedimentation before it reaches vulnerable surface waters,
or spatio-temporal timing of grassland management and manure distribution for
minimization of N-losses in vulnerable areas or times of the year (For example in
dedicated groundwater protection areas).
2. The measures can be cheaper compared to the other types of measures1, because they can
be placed outside valuable production areas, without limiting the production, and thereby
potentially at lower costs. In this way additional nature and recreational values from the
new landscape elements in the form of hedgerows, forests, extensive buffer-zones around
streams, and wetlands could be created.
Thereby, it can be stated that strategic land use changes and landscape level management
practices have benefits via a combination of environmental (point 1) and economic (point 2)
effects, corresponding to the biophysical and socioeconomic factors mentioned in section 1.3
below.
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Described in the theme reports of Amon (2016) and Misselbrook et al. (2016)
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As a recent example, both the environmental and the economic factors have been put forward
as an argument for the paradigm shift towards a more landscape level measures in the
Danish nitrogen regulation, with more geographically differentiated and targeted measures
to be implemented over the coming years (Dalgaard et al. 2013, 2016). The environmental
argument is that the requirements of the EU Water Framework- and The National Emissions
Ceiling Directives can only be met by new geographically targeted, landscape scale measures
on top of the exiting general measures, and therefore they are urgently needed. The economic
argument is that a shift towards more landscape scale measures will be a cheaper solution,
because of the arguments under point 2 above, and because the implementation extent of the
general measures have been so large that they go considerably over both the farm- and the
welfare economic optimum (for instance the N fertilisation of crops have until now been
restricted to 15-18% below the production economic optimum).
One of the major challenges for the shift towards more geographically targeted, landscape
level N measures is the knowledge about- and documentation of their effects. This was also
the conclusion from the landscape component of the Nitro-Europe project
(http://www.nitroeurope.eu/), where pilot research studies were carried out in 6 European
case landscapes (se for example Dalgaard et al. 2012), and the corresponding chapter of the
European Nitrogen Assessment (Cellier et al. 2011) experiences from key national research
projects was included, covering studies from The Netherlands, Scotland, France, Denmark
and others. Based on these studies, Cellier et al. (2011) synthesized that “At field or farmstead
scales, processes of N transformation and transfer have been extensively studied, and have
given a fair insight into the fate of N at small space and time scales. When going beyond the
field or farmstead boundaries (i.e. the landscape, watershed, regional scales), N can be
transferred in significant amounts from Nr sources (e.g. farmsteads, field after
slurry/fertilizer application, etc.) to the recipient ecosystems by a variety of pathways. For
example, atmospheric NH3 emitted from animal housing or a field can be re-deposited to the
foliage of nearby ecosystems in amounts that increase the closer the source is horizontally to
the recipient ecosystem and vertically to the soil surface (Fowler et al. 1998; Loubet et al.
2006). Similarly, wetlands or crops/grasslands at the bottom of slopes can recapture NO3− in
the groundwater that originates from N applied further up the slope. In both cases, this can
lead to large inputs of N to the receptor ecosystem that may have potential impacts on the
ecosystem (Pitcairn et al. 2003) and the biogeochemical cycles, possibly leading to enhanced
N2O and NO emission (Beaujouan et al. 2001; Skiba et al. 2006; Pilegard et al, 2006) and
further feeding the N cascade (Galloway et al. 2003) (see below, Figure 1). These N2O
emissions resulting from N transfer in receptor ecosystem are usually called indirect
emissions and may represent a significant fraction of total N2O emissions, although how
much remains uncertain (Mosier et al. 1998). The importance of uncultivated or marginal
areas that are outside or peripheral to the agricultural systems for flows and budgets of
energy and matter, including N, emphasizes the need to adopt a landscape perspective”.
1.2. Nitrogen flows in the rural landscape
Figure 1 gives an overview of the reactive N flows in rural landscapes, and show the cascade
of reactions from Nr input in the form of fertilisers and feed, through the cropping and
livestock system, and to the natural ecosystems. I.e. it is especially the Nr flows to and from
the natural/semi-natural ecosystems that are targeted by the landscape level measures
exemplified above. These flows can be divided in those relating to air pollution, including the
2

related greenhouse gas (GHG) emissions (section 1.2.1), those related to surface- and
groundwater pollution (section 1.2.2), and those related to sources and sinks of nitrogen
(section 1.2.3):

Figure 1: Nitrogen flows in the rural landscape (Adapted after Sutton et al. 2011; Galloway et
al. 2003).

1.2.1. Air pollution and related greenhouse gas emissions

Figure 2: Nitrogen flows in the rural landscape (Adapted after Kros et al. 2007, cf. Cellier et al.
2011).
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1.2.2. Surface- and groundwater pollution

Figure 3. Hinsby et al. (2008)

1.2.3. Nitrogen sinks and sources
Point sources (also outside agriculture), agriculture, soil pools, ploughing

Figure 4. Dragosits et al. (2005)

1.3. Heterogeneity effects
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Figure 5. Dalgaard et al. (2012)

Figure 6. Example. summarized from Dalgaard et al. (2011).

5

Cellier et al. (2011)
- illustrated by landscapes Figure 11.1
1.3.1. Biophysical factors
1.3.2. Socioeconomic factors

1.4. Scale issues

Nitrogen flow and transformations are determined by the fine scale topography and spatial
variability of the biogeochemical and physical characteristics of the soil. These together with
climate and agricultural N management determine In particular the nitrification and
denitrification processes, which determine the fluxes of NO, N2O, N2 to the atmosphere and
the leaching of dissolved organic N and NO3 to the rivers and other aqueous bodies.
In order to model N flow through the landscape it is important to have field scale/farm scale
‘activity’ data, such as agronomic management, N application rates, soil types and
topography etc. New technologies, e.g. drones, satellites, aircrafts, are valuable tools to
provide these data (e.g. soil moisture, topography, vegetation types). An example is the use of
satellite vegetation maps to estimate landscape scale CH4 fluxes (Dinsmore et al, 2016).

Challenges….
Dalgaard et al. (2009)
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2.

Measures for optimized land use and landscape

management
2.1. Land use change
2.1.1. Set aside

Figure 7. (Hutchings et al. 2004)
Odgaard et al. (2013)

2.1.2. Buffer zones
Christen and Dalgaard (2013)
Are they sources of N2O? How wide do they have to be to reduce N leaching to the waters?

2.1.3. Hedgerows and afforestation
2.1.4. Crop rotation and perennial crops
2.1.5. Comparing willow/miscanthus with perennial crops
Drewer et al.

2.1.6. Agroforestry
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Figure. Carbon mitigation potential of field margin management options for an example 260
ha arable farm in the UK, over a 50-year period. (Falloon et al, Soil Use and Management
(2004) DOI: 10.1079/SUM2004236)

2.1.7. Organic soil protection
2.1.8. Wetland restoration
Odgaard et al. (2016)
2.1.9. Constructed mini-wetlands

2.2. Landscape management and optimized regionalization
2.2.1. Soil tillage and conservation
2.2.2. Drainage and controlled drainage
2.2.3. Grassland management
Results from the UK inventory project: uncertainty of estimates and upscaling methods, none
published yet, will supply graphs later
See also Smith (2014)
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Figure. Increase in organic carbon (%C to 23 cm depth), calculated from total N values
presented in Johnson et al. (2009), assuming a C : N ratio of 10 : 1. Total N values were from
a number of silty clay loam soils sown to grass from cropland at various times and for various
periods at Rothamsted, UK. Pete Smith (2014) Global Change Biology (2014) 20, 2708–2711,
doi: 10.1111/gcb.12561

RE: Ploughing, stocking density, species mixes
Cowan et al. (2016), Drewer et al (2016) ploughing
Jones et al. (2016) C/N/GHG budget for a grasslands

2.2.4. Placement of livestock production
2.2.5. Manure (re)distribution
2.2.6. Biogas plants and bio-refineries for biomass redistribution
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3.

Summary and conclusions

Table 1. Landscape management impact on Nitrogen losses (first draft synthesis for
discussion)
Practice

Leaching/runoff

Ammonia
volatilization

Nitrous oxide
emissions

Notes

Riparian buffer
strips







N2O mitigation
rate depends on
the soil matter
content and soil
wetness

Agroforestry







Chickens or pigs
in woodlands

Planting trees on
steep slopes







Taking these
areas out of
agriculture will
reduce N
translocation and
accumulation in
the valleys, and
reduce erosion,
dust

Shelterbelts
around large NH3
point sources







Concentrates N
deposition to the
shelterbelts, so
less NH3
deposition onto
other, perhaps
fragile land, but
increased NO,
N2O emissions
and NO3 leaching
from these
shelterbelts

Biodiversity
buffer strips
around fields

?

~

~

Can improve crop
yield, thereby
NUE and less N
losses
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Reduction of
Pathogen
transfer
Hedgerows

~

~

~

May intercept
some of the NH3
from the field,
when on slopes
can reduce NO,
N2O & NO3
Increased
biomass = C
sequestration,

Mixed farm
model and crop
rotation

~

~

~

Include outdoor
pigs/chickens in
crop rotation,
and reduce
fertiliser N input
rates at
landscape scale

…….
In the European Nitrogen Assessment, Cellier et al. (2011) summarized the following key
points in relation to nitrogen flows and fate in rural landscapes: ”
Nature of the problem:




The transfer of nitrogen by either farm management activities or natural processes
(through the atmosphere and the hydrological network) can feed into the N cascade
and lead to indirect and unexpected reactive nitrogen emissions.
This transfer can lead to large N deposition rates and impacts to sensitive ecosystems.
It can also promote further N2O emission in areas where conditions are more
favourable for denitrification.
In rural landscapes, the relevant scale is the scale where N is managed by farm
activities and where environmental measures are applied.

Approaches:
11






Mitigating nitrogen at landscape scale requires consideration of the interactions
between natural and anthropogenic (i.e. farm management) processes.
Owing to the complex nature and spatial extent of rural landscapes, experimental
assessment of reactive N flows at this scale are difficult and often incomplete. It
should include measurement of N flows in the different compartments of the
environment and a comprehensive datasets on the environment (soils, hydrology,
land use, etc.) and on farm management.
Modelling is the preferred tool to investigate the complex relationships between
anthropogenic and natural processes at landscape scale although verification by
measurements is required. Up to now, no model includes all the components of
landscape scale N flows: farm functioning, short range atmospheric transfer,
hydrology and ecosystem modelling.

Key findings/state of knowledge:







The way N is managed as well as the location of farming activities can have a strong
influence on N flows at landscape scale. Consequently, environmental measures can
be more or less effective according to the landscape and farming system, and the
interactions between them.
The magnitude of nitrate transfers and subsequent impacts is linked to the hydrology
of the area (e.g. subsurface versus deep hydrological flows)
The magnitude of N losses to the atmosphere depends on the agronomic
management, soil properties and climate. There is a need to design mitigation options
for local conditions.
Source-sink relationships for atmospheric transfer are linked to land use (e.g.
patchiness, hedgerows) and distance between sources and sensitive areas
A verified integrated landscape model would be useful for investigating the N flows in
rural landscapes, as well as evaluating different N management strategies and
environmental measures at the landscape scale.

Major uncertainties/challenges:





The multiple pathways of N transfer, the interactions between natural and
anthropogenic processes and the risk of pollution swapping requires complex high
resolution modelling. Linkage of the different model components and the verification
and uncertainty assessment of the integrated model are big challenges.
A network of European landscapes, including different climatic conditions, hydrology
and farming systems, should be established as case studies to assess the influence of
landscape processes on N budgets.
Relevant data to verify the models

Recommendations:





When designing and implementing new environmental measures, the landscape scale
should be considered in order to take into account processes (such as N deposition to
sensitive areas or indirect N2O emissions) that may mitigate the efficiency of the
measures
The implementation of environmental measures should consider the variety of
landscape types and allow adaptation to local conditions since their effectiveness
might vary according to landscape features and farming systems.
Environmental measures applied to different landscapes and farming systems should
be established and evaluated by modelling and verified, if possible, by monitoring
once the measures are in place.”
12

4.

References

Amon B (2016) Housed Livestock, manure storage and manure processing. Background
document for the Joint DG ENV & TFRN workshop: Towards joined-up nitrogen guidance
for air, water and climate co-benefits. Brussels, October 11th and 12th, 2016.
Bealey WJ, Loubet B, Braban CF, Famulari D, Theobald MR, Reis S Reay DS and Sutton MA
(2014) Modelling agro-forestry scenarios for ammonia abatement in the landscape.
Environmental Research Letters, Environ. Res. Lett. 9 (2014) 125001 (15pp).
Beaujouan V., Durand P. and Ruiz L. (2001) Modelling the effect of the spatial distribution of
agricultural practices on nitrogen fluxes in rural catchments. Ecological Modelling 137, 93105.
Bittman S, Dedina M, Howard CM, Oenema O and Sutton M (eds.) Options for Ammonia
Mitigation. Guidance from the UNECE Task Force on Reactive Nitrogen. Centre for Ecology
and Hydrology, The UK. ISBN 978-1-906698-46-1.
Christen B and Dalgaard T (2013) Buffers for biomass production in temperate European
agriculture: A review and synthesis on function, ecosystem services and implementation.
Biomass and Bioenergy 55 (2013) 53-67.
Cellier P, Durand P, Hutchings N, Dragosits U, Theobald M, Drouet JL, Oenema O, Bleeker
A, Breuer L, Dalgaard T, Duretz S, Kros H, Loubet B, Olesen JE, Mérot P, Viaud V, de Vries
W and Sutton MA (2011) Nitrogen flows and fate in rural landscapes. In: Sutton MA,
Howard CM, Erisman JW, Billen G, Bleeker A, Grennfelt P, Grinsven H and Grizzetti B (eds.)
The European Nitrogen Assessment. Chapter 11. P. 229-248 Cambridge University Press.
ISBN 978-1-10700-612-6.
Cowan,N.J., Levy,P.E., Famulari,D., Anderson, M.,Drewer,J., Carozzi,M., Reay,D. S. &
Skiba,U.M (2016) The influence of tillage on N2O fluxes from an intensively managed
grazed grassland in Scotland. Biogeosciences 13, 4811 – 4821
Cowan,N., Norman,P., Famulari,D., Levy,P., Reay,D. & Skiba,U. (2015) Spatial variability
and hotspots of soil N2O fluxes from intensively grazed grassland. Biogeosciences, 12, 15851596.
Dalgaard T, Brock S, Børgesen CD, Graversgaard M, Hansen B, Hasler B, Hertel O,
Hutchings NJ, Jacobsen B, Stoumann Jensen L, Kjeldsen C, Olesen JE, Schjørring JK,
Sigsgaard T, Andersen PS, Termansen M, Vejre H, Odgaard MV, de Vries W, and Wiborg I
(2016) Solution scenarios and the effect of top down versus bottom up N mitigation
measures – Experiences from the Danish Nitrogen Assessment. Feature Presentation for the
International Nitrogen Initiative Conference INI2016. Melbourne, Australia.
http://www.ini2016.com/1236.
Dalgaard T, Hansen B, Hasler B, Hertel O, Hutchings N, Jacobsen BH, Jensen LS, Kronvang
B, Olesen JE, Schjørring JK, Kristensen IS, Graversgaard M, Termansen M and Vejre H
(2014) Policies for agricultural nitrogen management - trends, challenges and prospects for
improved efficiency in Denmark. Environmental Research Letters, Environ. Res. Lett. 9
(2014) 115002 (16pp).
Dalgaard T, Durand P, Dragosits U, Hutchings NJ, Kedziora A, Bienkowski J, Frumau A,
Bleeker A, Magliulo E, Olesen JE, Theobald MR, Drouet JL, Cellier P (2012) Farm nitrogen
13

balances in European Landscapes. Biogeosciences 9, 5303–5321, 2012.
Dalgaard, T, Hutchings N, Dragosits U, Olesen JE, Kjeldsen C, Drouet JL and Cellier P (2011)
Effects of farm heterogeneity and methods for upscaling on modelled nitrogen losses in
agricultural landscapes. Environmental Pollution 159 (2011) 3183-3192.
Dalgaard T, Kjeldsen C, Jørgensen MS, Hutchings N, Mogensen L, Osuch A, Damgaard M,
Happe K and Piorr A (2009) Scaling from Farm to Landscape – a Bottom-up Methodology
for the Modelling and Mapping of Farm Nitrogen Surpluses. In: Piorr A & Müller K (eds.)
Rural Landscapes and Agricultural Policies in Europe. P. 175-190. Springer Verlag, Berlin.
DOI 10.1007/978-3-540-79470-7.
Dinsmore,K.J., Drewer,J., Levy,P.E., George,C., Lohila,A., Aurela,M. & Skiba,U.M. 2016
Growing season CH4 and N2O fluxes from a sub-arctic landscape in northern Finland.
Biogeosciences Discussion10.5194/bg-2016-238, 2016
Dragosits U, Theobald MR, Place CJ et al. (2005) Interaction of nitrogen pollutants at the
landscape level and abatement strategies. In 3rd International Nitrogen Conference,
Nanjing, China, Oct. 12–16 2004, pp. 30–34.
Dragosits U, Theobald MR, Place CJ, ApSimon HM and Sutton MA (2006) The potential for
spatial planning at the landscape level to mitigate the effects of atmospheric ammonia
deposition. Environmental Science and Policy 9, 626 –638.
Drewer J, Anderson M, Levy PE, Scholtes B, Helfter C, Parker J, Rees RM and Skiba UM
(2016) The impact of ploughing intensively managed temperate grasslands on N2O, CH4
and CO2 fluxes. Plant and Soil, in press.
Falloon P, Smith P, Szabó J, Pásztor L (2002) Comparison of approaches for estimating
carbon sequestration at the regional scale. Soil Use and Management Volume 18, Issue 3,
Pages 164–174. DOI: 10.1111/j.1475-2743.2002.tb00236.x
Fowler D, Pitcairn CER, Sutton MA, Fléchard C, Loubet B, Coyle M, and Munro RC (1998)
The mass budget of atmospheric ammonia in woodland within 1 km of livestock buildings.
Environmental Pollution, 102, 343-348.
Galloway J.N., Aber J.D., Erisman J.W., Seitzinger S.P., Howarth R.W., Cowling E.B. and
Cosby B.J. (2003) The Nitrogen Cascade. BioScience, 53, 341-356.
Hansen B, Thorling L, Dalgaard T, Sørensen B, Højbjerg AL and Erlandsen M (2012)
Regional analysis of groundwater nitrate concentrations and trends in Denmark in regard
to agricultural influence. Biogeosciences 9, 3277-3286, 2012.
Hinsby K, Condesso de Melob MT and Dahl M (2008) European case studies supporting the
derivation of natural background levels and groundwater threshold values for the
protection of dependent ecosystems and human health. Science of The Total Environment.
Vol. 401, Issues 1–3, 15 August 2008, p. 1–20.
Hutchings N, Dalgaard T, Rasmussen BM et al. (2004) Watershed nitrogen modelling. In:
Controlling Nitrogen Flows and Losses, ed. D. J. Hatch et al. Wageningen Academic
Publishers, Wageningen, The Netherlands, pp. 47–53.
Højberg AL, Windolf J, Børgesen CD, Troldborg L, Tornbjerg H, Blicher-Mathiesen G,
Kronvang B, Thodsen H and Vibeke Ernstsen V (2015) National kvælstofmodel.
Oplandsmodel til belastning og virkemidler. National Gewological Survey for Greenland and
Denmark.
14

Jones SK, Helfter C, Anderson M, Coyle M, Campbell C, Famulari D, Di Marco C, van Dijk N,
Topp CFE, Kiese R, Kindler R, Siemens J, Schrumpf M, Kaiser K, Nemitz E, Levy P, Rees RM,
Sutton MA amd Skiba UM (2016) The nitrogen, carbon and greenhouse gas budget of a
grazed, cut and fertilised temperate grassland. Biogeosciences Discussion doi:10.5194/bg2016-221.
Kros J, de Vries W, Voogd JCH, Gies TJA and Roelsma J (2007) Meervoudige
milieumonitoring Noordelijke Friese Wouden: gebiedsstatus van emissie en depositie van
ammoniak in relatie tot gebiedsdoelstellingen. Alterra, Wageningen, The Netherlands. Cf.
Cellier et al. (2011).
Loubet, B., Asman, W.A., Theobald, M.R., Hertel, O., Tang, S.Y., Daemmgen, U., Cellier, P.
and Sutton, M.A. (2009) Ammonia deposition near hot spots: processes, models and
monitoring methods. In: Sutton, Reis, Baker (Eds.) Atmospheric ammonia: detecting
emission changes and environmental impacts, 205-267.
Misselbrook et al. (2016) Field application of organic and inorganic fertilizers. Background
document for the Joint DG ENV & TFRN workshop: Towards joined-up nitrogen guidance
for air, water and climate co-benefits. Brussels, October 11th and 12th, 2016.
Mosier A., Kroeze C., Nevison C., Oenema O., Seitzinger S. and van Cleemput O (1998)
Closing the global N2O budget: nitrous oxide emissions through the agricultural nitrogen
cycle. Nutrient Cycling in Agroecosystems, 52 (2-3), 225-248.
Oenema O (2016) Principles of overall nitrogen management. Background document for the
Joint DG ENV & TFRN workshop: Towards joined-up nitrogen guidance for air, water and
climate co-benefits. Brussels, October 11th and 12th, 2016.
Odgaard MV, Moeslund JE, Dalgaard T, Bøcher PK and Svenning JC (2013) The relative
importance of geophysical constraints, amenity values and farm-related factors in the
dynamics in grassland set-aside. Agriculture Ecosystems and Environment 164 (2013) 286291.
Odgaard MV, Turner KG, Bøcher PK, Svenning JC and Dalgaard T (2016) A multi-criteria,
ecosystem-service value method used to assess catchment suitability for potential wetland
construction in Denmark. Ecological Indicators (under revision for re-submission).
Pilegaard,K., Skiba,U., Ambus,P., Beier,C., Brueggemann,N., Butterbach-Bahl,K., Dick,J.,
Dorsey,J., Duyzer,J., Gallagher,M., Gasche,R., Horvath,L., Kitzler,B., Leip,A., Pihlatie,M.,
Rosenkranz,P., Seufert,G., Vesala,T., Westrate,H. & Zechmeister-Boltenstern,S. 2006.
Factors controlling regional differences in forest soil emission of nitrogen oxides (NO and
N2O). Biogeosciences, 3, 651-661.
Pitcairn C E R, Fowler, D., Leith I. D., Sheppard L. J., Sutton M. A., Kennedy V, Okello E.
(2003) Bioindicators of enhanced nitrogen deposition. Environmental Pollution, 126 (3):
353-361.
Skiba,U., Dick,J., Storeton-West,R., Lopez-Fernandez,S., Woods,C., Tang,S. & van Dijk,N.
2006. The relationship between NH3 emissions from a poultry farm and soil NO and N2O
fluxes from a downwind forest. Biogeosciences, 3, 375-382.
Smith P (2014) Do grasslands act as a perpetual sink for carbon? Global Change Biology
(2014) 20, 2708–2711, doi: 10.1111/gcb.12561
Sutton MA, Howard CM, Erisman JW, Billen G, Bleeker A, Grennfelt P, Grinsven H and
15

Grizzetti B (2011, eds.) The European Nitrogen Assessment. Cambridge University Press.
ISBN 978-1-10700-612-6. 612 p.
Vejre H, Vesterager JP, Andersen PS, Olafsson AS, Brandt J and Dalgaard T (2015) Does
cadastral division of area-based ecosystem services obstruct comprehensive management?
Special Issue: Indicators in models. Ecological Modelling 295 (2015) 176–187.

16

