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The fate of nitrogen ﬂ(".
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The fate of nitrogen ﬂ(".

N Fertilizer N
Produced Consumed

14% of the N produced in the Haber-Bosch process enters the
human mouth..........

Galloway JN and Cowling EB. 2002
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The fate of nitrogen ﬂ(".

N Fertilizer N Fertilizer N N N N
Produced Consumed inCrop  Harvested inFood Consumed
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14% of the N produced in the Haber-Bosch process enters the
human mouth.......... If you are a vegetarian.

Galloway JN and Cowling EB. 2002
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Global human population and meat production Q(IT
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The fate of nitrogen ﬂ(".

N Fertilizer N Fertilizer N N N N
Produced Applied in Crop In Feed in Store Consumed

4% of the N produced in the Haber-Bosch process and
used for animal production enters the human mouth.

Galloway JN and Cowling EB. 2002

KIT — die Kooperation von ‘ HELMHBLTS Forschungszentrum Karlsruh
Forschungszentrum Karisruhe GmbH | B EIMR BHART = in der Helmholtz-Gemeinscha



The global nitrogen cycle ﬂ(lT

Warlsruhe Institute of Technology
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Nr creation 1995 (left) and 2050 (right) [Tg N yr]
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Nr creation 1995 (left) and 2050 (right) [Tg N yr]
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Ecological and social consequences of Nr ﬂ(“’

Karlsruhe Insiiute of chhnc-!n::u}-,
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The Nr cascade
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Increase in nitrogen flows in rivers ﬂ(“'
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#Most of the N1 created for food production, is released to the environment

& About 25% is discharged to the coast via rivers

Sonrce: Adlillenninm Ecosystem Assessnent
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Nr deposition in 1860 and 1993 [mg m2 yr-] AT

Nitrogen is emitted as NOx to the atmosphere by fossil fuel combustion
Nitrogen is emitted as NH; and NOx from food production.

Once emitted, it is transported and deposited to ecosystems.

In 1860, human activities had limited influence on N deposition.

Gallowray et al.. 20030
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Nr deposition in 1860 and 1993 [mg m2 yr-] QAT
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Nitrogen is emitted as NOX to the atmosphere by fossil fuel combustion
Nitrogen is emitted as NH; and NOx from food production.

Once emitted, it is transported and deposited to ecosystems.

In 1860, human activities had limited influence on N deposition.

By 1993, the picture had changed.

Gallowray et al., 2003k
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Nr deposition and forest ecosystem health ﬂ("‘
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Historical development ﬂ(lT
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The Global Nitrogen Budget in 1860 and mid-1990s, TgN/yr ﬂ("’
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Galloway et al., 200:
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Soils as principal receptors and transformators of Nr
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Atmospheric N,O concentrations
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Sources and sinks of N,O

Relative
contribution to
N,O-sources all identified | Tg (10 g) N,O-N a™
sources [%]

Natural N,O sources
Ocean 18.5 3.0 (1.0-5.0)
Tropical soils

Wet forests 18.5 3.0 (2.2-3.7)

Dry savannas 6.2 1.0 (0.5-2.0)
Temperate soils

Forests 6.2 1.0 (0.1-2.0)

Grasslands 6.2 1.0 (0.5-2.0)
Anthropogenic N,O
sources
Agricultural soils 20.4 3.3 (0.6-14.8)
Biomass burning 3.1 0.5 (0.2-1.0)
Industrial sources 8.0 1.3 (0.7-1.8)
Cattle and feedlots 13.0 2.1 (0.6-3.1)
Total N,O sources 16.2 (6.4-34.4)
N,O sinks and atmospheric increase
Stratospheric destruction 12.3 (9.0-16.0)
Removal by soil microbes ? (?)
Atmospheric increase 3.9 (3.1-4.7)
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The effect of N on the GHG balance ﬂ(IT

Warlsruhe Institute of Technology

The mean global radiative forcing of the climate system
for the year 2000, relative to 1750 (IPCC, 2001)
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The effect of N on the GHG balance ﬂ(IT

Warlsruhe Institute of Technology

The mean global radiative forcing of the climate system
for the year 2000, relative to 1750 (IPCC, 2001)
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Complexity of Nr reactions in soils ﬂ(“'
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N trace gas production in soils ﬂ(IT

Denitrification

N trace gas emission =
« Rate or mass flow through the pipes
* Leaks through holes

Davidson et al., 1993, 2000
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Controlling factors of N trace gas production in soils

Importance

Nitrification

. . N-mineralisation
NH,*-availability cation exchange capacity

plant or/ and microbial
uptake/ mineralisation

o soil texture/ type
O,-availability evapotranspiration
precipitation/ rainfall
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N trace gases and ecosystem N cycling ﬂ(IT
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Detailed C and N ecosystem model!
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Modeling C mineralisation

Double lines show carbon mass flows and dashed lines show influences
described in model
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Moisture/ temperature reduction factors ﬂ("'

Reduction factor for
mineralization
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Modeling C mineralisation ﬂ(IT

Warlsruhe Institute of Technology
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Modeling N turnover
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Modeling N turnover and microbial biomass dynamics
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Anaerobic balloon ﬂ(IT

Warlsruhe Institute of Technology
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Anaerobic balloon ﬂ(IT
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Anaerobic balloon S(IT

Dominant oxidant Eh (mV Reactions
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Model evaluation: N,Oand CH, exchange in rice paddies
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Model evaluation: forest growth
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Model evaluation: soil water Q(IT
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Model evaluation: Nitrate leaching
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Testing the DNDC model for simulating SOC dynamics
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Testing the DNDC model for N,O emissions
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Testing the DNDC model for NO emissions

Hoeglwald Spruce, 2002
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GIS coupling for GIS - the problem of data ﬂ(IT

GIS database for DNDC

Data source Data content format
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Inventorying soil N trace gas fluxes and identifying feedbacks
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Simple versus complex
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Simple versus complex — daily patterns ﬂ(“‘
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Soil sources versus industrial sources ,&‘(IT

Soil agricultural NOx Emissions are contributing in average for

entire Europe up to 10% to the tropospheric NO, burden

Butterbach-Bahl et al., 2008; Atm. Environm
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The future:

Improved understanding of global change feedbacks on C and N cycling

Getting more complex?

Linking with hydrology

Development towards a regional earth system model
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Climate Models
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