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Ay care about reactive nitrogen (Nr)?
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Erisman et al. 2008 Nature Geoscience



Atmospheric N, Nitrous Oxide J| GHG balance

fixed to reactive (N,O)
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Sutton et al., European Nitrogen Assessment, CUP 2011



NitroEtrope 1P

What is the effect of reactive nitrogen supply on
the direction and magnitude of net greenhouse gas
budgets for Europe?

Effect of N on the GHG balance:

T GHG ? V GHG
N,O Cattle CH, C uptake by plants
(+2° from NH;, NOy)
CH, from wetlands SOM decomposition Nitrogen aerosol

NO,—O;—less primary
production

Sutton et al., Environmental Pollution (2007, 150, 125-139)



Anthropogenic

IPCC 4t Assessment 200,

Radiative Forcing Components

RF Terms

RF values (W m?)

Spatial scale

Long-lived 4(
greenhouse gases L

Ozone

Stratospheric water
vapour from CH,

Surface albedo

Direct effect
Total

Aerosol | Cloud albedo
effect

Linear contrails

Stratospheric

— Halocarbe

|
Tropospheric

|

|

|

I

|

Black carbon
On Snow

1.66 [1.49 10 1.83]

0.48 [0.43 io 0.53]
0.16 [0.14 10 0.18]

-0.05 [-0.15 to 0.05]
0.35 [0.25 {0 0.65]

0.07 [0.02 10 0.12]

-0.2 [-0.4 t0 0.0]
0.1 [0.0to 0.2]

-0.5 [-0.9 10 -0.1]

-0.7 [-1.810 -0.3]

0.01 [0.003 to 0.03]

Global

Global

Continental
to global

Global

Local to
continental

Continental
to global

Continental
to global

Continental

Solar irradiance

0.12 [0.06 10 0.30]

Total net
anthropogenic

1.6[061t0 24]

Radiative Forcing (W m-2)

PHV-LOM 12002 DDdIS




NItrOEUKFOpE:

Elux network (C1)
& Manipulation
network (C2)

13 Super Sites (Level 3)
9 Regional Sites (Level 2)
50 Inferential Sites (Level 1)

22 Core Manipulation Sites
14 Assoc. Manipulation Sites

itroEurope IP

Sutton et al., Environmental Pollution (2007, 150, 125-139)



EStimatting atmospheric Nomputs (1219 @/

itroEurope IP
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(ug m-3)

Site mean

<0.25
0.256-0.5
0.5-1

051 » BT > | d Also for

e e NO,, NH;, NH,*,
HNO,, NO,
for N deposition
to Level 1 sites

(Plus SO,, SO,
HCI, Cl & Base
Cations)

Tang et al.
Agriculture, Ecosystems & Environment.
133, 183-195.
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nu N,O fluxes from a
WM  grazed grassland in Scotland

Cumulative flux
[kg N hat y-1]

2006 2007 2008 2009

Jones et al . Plant and Soil, 2011

2007 11.2
2008 10.4
2009 4.0
Emission factor
[%]*

2007 6.5
2008 3.7
2009 1.6

* N,O as % of total
fertiliser N added



http://www.nitroeurope.eu/�

RPulling the fitx estimates together:
©ensingen NEU SSUpREer Site’

biol. fixation

syn. fertiliser

org. fertiliser

wet deposition

dry deposition

NH3 . (fert.)

leaching

harvest

NO

N,O

N2 (denit.)

|
resulting N balance ' F

-200 -150 -100 - a0 100 150 200

+—— nitrogen loss (emission) [kg-N ha™ y'1] nitrogen input (deposition) ——»

Ammann et al. 2009: Agric Ecosystems & Environment




[Does N drive forest € sequestration?

NATURE| Vol 000|00 Month 2008

BRIEF COMMUNICATIONS

Ecologically implausible carbon response?

Arising from: F. Magnani et al. Nature 447, 848-850 (2007)

Magnani et al.' present a very strong correlation between mean life-
time net ecosystemn production (NEP, defined as the net rate of
rbon (C) accumulation in ecosystems®) and wet nitrogen (N)
eposition. For their data in the range 4.9-9.8kgN ha 'yr™ !, on
hich the correlation largely depends, the response 1s approximately
725 kg C per kg N in wet deposition. According to the authors, the
maximum N wet deposition level of 9.8 kg Nha™'yr ™! is equivalent
to a total deposition of 15kg Nha™'yr™!, implying a net sequest-
ration near 470 kg C per kg N of total deposition. We question the
cological plausibility of the relationship and show, from a multi-
factor analysis of European forest measurements, how interactions
ith site productivity and environment imply a much smaller NEP

However, even this lower response is unlikely. *N-la
experiments in temperate forests indicate that N reten
occurs in stem wood but mainly in the soill. Consider
of N and the ranges in C:N ratios in forest ecosystem co
this implies a carbon response near 50 kg C per kg Nin f
tems™. Even though the above-ground C sequestrat
underestimated by Nadelhoffer et al”, owing to neglecti
of direct foliar uptake™™, this effect is likely to be smal
ground foliar N uptake is generally less than S5kg!
(ref. 11), whereas below-ground uptake is generally
50kg Nha™'yr~ !, Furthermore, similar results are fou
term ( 15-30 yr) nitrogen-fertilizer trials at rates of nitrog

1, =1 .

de Vries, Sutton et al.
Nature 451, 15 Feb 2008




Re-Interpreting the mitrogen interaction
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Sutton et al. Global Change Biology 2008: 14, 2057-2063



Re-Interpreting the mitrogen interaction
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Re-Interpreting the nitrogen Interaction
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Re-Interpreting the nitrogen Interaction
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Temperate Forest — Hoglwald, Germany
N in Vegetatiog
1
EPTIANg

N deposition

Leavege {6

L,

B . e

7 N'in rots?
Soill (total N, ) 9000 |
Inorganic N 12
Values in kg N ha (yr?) N%_ N';4+

Butterbach Bahl et al.



Nitrogen budgets for two contrasting \,
NitroEurope [Level s forests

Finland- Germany-
Hyytiala Hoglwald

N input (kg N / ha /yr) 4.1 41.5

N storage (kg N/ ha)
Vegetation
Soil (organic N)

N loss (kg N/ ha/yr)

Retained inputs

Vesala, Butterbach Bahl et al.



Upscaling to the EU2Y



Total NH; emissions [kg N km?year™] Split of total NH; emissions for EU27 [Gg N year] ‘ ’
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Mitigating mitrogen and the
greennouse balance



Effect ofimeasures in EW Nitrates Policy.

itroEurope IP

B NH3 emission

CONOS3 leaching
ON20 emission




Nutrient managements soil

Balanced fertilization -~ N
— => Lower N input : E
Maximum manure application rate

— => Lower N input L "‘T
— May be compensated by fertilizer — , T B

Manure incorporation
— > Lower NH; emissions
— —> potentially higher N,O emission

Urea substitution by NH, fertilizers
— —> Lower N,O emission ( 0.67x) (see Lesschen&Velthof)




A package ofimeasures in agriculture
o reduce N> ©remissions

= Relative changes in N,O emission (%) for EU27

Housing and Manure and  Other Nin-  Total
storage fertilizer ap-  puts?
plication

. Reduced protein content -1.4 -0.5 0.0 -1.9
. Low NH, .., housing, storage 0.0 0.0 0.0 0.0
. Balanced fertilization 0.0 -8.8 2.7 -11.5
. Max manure application rate 0.0 -7.1 0.1 -7.0
. Manure incorporation 0.0 0.2 0.0 0.2
. Urea substitution 0.0 -0.3 0.0 -0.3
. Restoration histosols 0.0 -0.8 -0.2 -1.0

All measures -1.4 -17.4 -2.7 -21.5
Y Includes emission through soil inputs by deposition, mineralization, fixation and crop
residues




Erom N trade-ofis tor N co-henefits

Stage 1: Ignore the interactions

Stage 2: Highlight the trade-offs at field scale
(pollution swapping: NH; vs N,O)

Stage 3: Discover that swapping Is net neutral at
the regional scale (NH, deposition effects)

Stage 4: Start listing the co-benefits (low NH,
emission, reducing fertilizer inputs and net N,O
savings)

Stage 5: Quantify the climate benefits of reducing
N losses and improving NUE.



A Century off Haber Ammonia
Global N fertilizer consumption 1900-21.00

O efficiency increase
O diet optimization
@ piofuels

O food equity

B population growth

] | 7% Al -technol / global
4 | ™ A2 —technol / regional

1 | 7 B1 —environm /global

4 | == B2 - environm / regional

& Tilman et al, 2001

® FAO, 2000 (baseline)
FAQ, 2000 (improved)

Erisman, Sutton, Galloway, Klimont & Winiwarter
Nature Geoscience (2008)




Conclusions

Nitrogen fertilisers support around 48% of
world population

Many +/- effects: European N has a net
cooling effect on climate

Important effects of nitrogen on water and
alr quality, human health and biodiversity
Smart management of the nitrogen cycle

— Meet pollution targets with climate co-benefits
— Our ambition for food & energy consumption



Rolicies & People

As NO, emissions decrease, NH; will
Increasingly dominate future N, emissions.
NH, reductions are key improving NUE and
reducing N,O emissions.

International conventions need to work
together more effectively; an inter-
convention agreement should be explored

Societal choice and behavioural change
provide major opportunities.

“Eat right: improve your health and help
protect the environment at the same time.”
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