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Carbon and the biosphere

* The extent of global temperature change
due to global warming will be related to the
rate of anthropogenic emissions but also
to carbon uptake by the land and oceans.

 The IPCC report on biodiversity and
climate change states that between 22-
35% of the emissions can be taken up by
the terrestrial biosphere.



Nitrogen and the biosphere

e This carbon accumulation can be
constrained If there Is a nitrogen deficiency
In the system.

e The IPCC forecasts indicate that 7.7-37.5

Pg of nitrogen are needed to avoid carbon
uptake limitation.

 This Is not the case at the moment...



* Even with increasing anthropogenic
nitrogen in the biosphere there is still a
shortage of nitrogen which will hinder
carbon uptake.

 \WWhen models take this into account, much
lower values of carbon sequestration Iin
the future are predicted.



Carbon and nitrogen interaction in
forest ecosystems

e Increased net primary productivity (NPP) and forest
growth can be due to:
— Increase in temperature and atmospheric CO, concentrations

— Nitrogen deposition

 NPP is also affected by changes in
— Forest management (e.g. type of thinning, genetic selection)
— Changes in the age and structure of European forests

— The abandonment of the past management practices (grazing,
litter collection...) could cause a faster recovery of soil fertility

— Water availability (related to climate change)

Forest could benefit from atmospheric N deposition
as N is often the main limiting nutrient



Increased N Deposition: Negative effects

- Nadelhoffer et al (1999): “Nitrogen makes a minor contribution to
carbon sequestration in temperate forests” (Nature 398, 145-148).

15 N tracer studies showed that most applied N was recovered in
forest floor and soil (as is always the case with fertilization).
However, atmospherically-deposited N can be taken up by foliage,
bypassing soil microbes!

Fenn et al (2003): “Ecological Effects of nitrogen deposition in the
western United States” (Bioscience 53, 404-420):.

Greater plant productivity is counterbalanced by biotic community
changes and deleterious effects on sensitive organisms.... Chronic
N deposition in the West is implicated in increased fire frequency in
some areas



Increased N Deposition: positive effects

Kauppi et al (1992): “Biomass and Carbon Budget of European Forests, 1971
to 1990 ” Science 256: 70-74.

“The fertilization effects of pollutants override the adverse effects at least for
the time being. If there has been similar development in other continents,
biomass accumulation ...can account for a large proportion of the estimated
mismatch between sinks and sources of atmospheric carbon dioxide.

Pregitzer et al (2007): “Simulated chronic nitrogen deposition increases carbon
storage in northern temperate forests” (Global Change Biology 14: 142-
153):

Experimental additions of 30 kg ha! yr! of N to hardwood forests in Michigan

“Our results .... Support the hypothesis that chronic N deposition may increase
C storage in northern forests, potentially contributing to a sink for
anthropogenic CO2 in the northern hemisphere.”

Magnani et al (2007): “The human footprint in the carbon cycle of temperate
forests” (Nature 447: 848-852)

“...forest net carbon sequestration is found to be overwhelmingly driven by
nitrogen deposition, largely the result of anthropogenic activities.”



The human footprint in the carbon cycle of

temperate and boreal forests.
Magnani et al. (2007)

* The main aim of this paper was to find out if there is a
significant relationship between nitrogen deposition and
net ecosystem production (NEP)

Temperate and Boreal forests in the Northern hemisphere act as a substantial
carbon sink however age-related effects have to be taken into consideration as
they account for 92% of the variability in NEP.

In older stand NEP begins to decline due to age-related reduction in growth.

This in taken into account in this study by taking the average of the carbon
fluxes over the entire rotation.



* Boreal and temperate forests are nitrogen
limited.

* Increases Iin nitrogen lead to increased
forest growth and net carbon uptake.

 Wet N deposition was used rather than dry
deposition due to the uncertainties
Involved with dry N deposition.






Conclusions:

 There Is a strong relationship between wet
Nitrogen deposition and NEP with a net
sequestration near 475 kg C/kg N

e This paper states that there was no sign of
nitrogen saturation in the data sets that
were studied, but other studies have
suggested that reached a nitrogen
saturation level in the future is highly likely.



Results Stand Growth Model

Regression results for stand level model for Norway spruce and Scots Pine

Tree species Site prod* Age? SDP N dep* Drought> Temp
change®
All plots
Norway spruce  0.054 0.005 - 0.020’ - 0.524
Scots pine - 0.017 - 0.010 0.0032 -
Sensitive plots
Norway spruce  0.039 0.004 - 0.022 - 0.32
Scots pine - 0.017 0.001 0.013 0.002 -
!
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De Vries et el., 2008, Nature



Results

* N Increase corresponds to an increase In
basal area incrementof 1 - 2.2 %

e 20 - 40 kg C sequestration per kg N
deposition (30-70 considering also soll)

* An Increase in temperature shows a
significant positive effect on growth



Sutton et al., 2008, Global change biology



Cum. increase in C pool in

Norrliden ( P. sylvestris ) Strasan ( P. abies))
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Cum. increase In tree biomass C in excess of control plots as
a function of the cumulative amount of N added. N1=33,
N2=67, N3=109 kg N ha?l yr.

Conclusion: Low application doses of N are more efficient to sequester C
than high N doses. Example: 35, 17, 9 kg (C) kg (N) for N1, N2 and N3,

respectively, at Norrliden).
Hyvonen et al., Biogeochemistry






Nitrogen and Carbon interactions

Some studies (e.g. Holland et al., 1997) suggested very large carbon response to N
deposition (200-400 kg C/kg N)
— These studies assumed that most (~80%) of the deposited N would be stored in
woody biomass (C/N 250-500)

* Nadelhoffer et al. (1999) showed that only 5% of deposited N is stored in woody
Eiom/fl;l(ss and most (~70%) in soils (C/N 10-30). This implies a sequestration near 50
g C/kg N

 Model simulations by Currie et al. (2004), even suggest a net sequestration of
approximately 5 kg C/kg N

« Magnani et al. (2007), reported a strong correlation between mean lifetime net
ecosystem production (NEP) and N deposition, implying a net sequestration near 475
kg C/kg N

« de Wries et el. (2008) “corrected” the value of Magnani to 175 kg C/kg N and they
suggest that total NEP response would be about 30-70 kg C/kg N

« Sutton et al. (2008) considering climatic interaction and uncertainties in total Ngep they
concluded that the N effect is around 50-75 kg C/kg N

Range of 5-500 kg C/kg N



Carbon and Nitrogen interaction at
FEM (at present)

* Nitroeurope-IP project:

NEU will advance the fundamental understanding of C-N interactions at
different scales and deliver: process-based models, landscape-level
assessments, European maps of C-N pools, Nr fluxes and NGE, and

independent verification of GHG inventories, as required under the Kyoto
Protocol

Establish robust datasets of N fluxes and net greenhouse-gas exchange (NGE)
in relation to C-N cycling of representative European ecosystems, as a
basis to investigate interactions and assess long-term change



M. Bondone is one of nine
second level sites (regional
sites):

application of low-cost N flux
methods, as a basis to
establish a future long-term
flux monitoring capability at
CO, flux sites

Low cost DELTA denuder
(NH;, HNO,, NH,*, NO;’, SO,/
SO,%, HCI/ CI,Na*/ Ca?*/
Mg?*), monthly for 4 years
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Monte Bondone DELTA data

DELTA system results

Yimei et al., in prep.



N fluxes measurements

Chamber for N,O and CH, monthly measurements COTAG system for NH,; and
at Monte Bondone site HNO, fluxes



Forest soil CO2 efflux and nitrogen content of decomposing litter layers
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Relationship between total annual soil respiration of eleven forest sites and (a) nitrogen
content of the fresh (L) litter (b) nitrogen content of the decomposing litter (F+H) layers.

Rodeghiero et al. in prep.



Work in progress:

Use of remote sensing images and Lidar data to
predict canopy nitrogen and carbon content (field

database of 150 forest surveys)



 GHG project, Greenhouse gas management in
European land use systems (FP VII, cooperation
program)

« National forest inventory (for N data in all Italy, 1500
points)

i Cost action: Spectral sampling
&b tools for vegetation
Biophysical Parameters and
Flux measurements in Europe
(Coordinator Loris Vescovo,
FEM)




