
VU Research Portal

Nitrogen deposition effects on terrestrial carbon sequestration

Fleischer, K.

2016

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Fleischer, K. (2016). Nitrogen deposition effects on terrestrial carbon sequestration. [PhD-Thesis - Research and
graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/32b28397-2069-482a-8c3f-468cf626355d


501142-L-bw-Fleischer501142-L-bw-Fleischer501142-L-bw-Fleischer501142-L-bw-Fleischer

6 Synthesis and outlook

6.1 Summary

The aim of this thesis was to study the contribution of N deposition on the terrestrial C sink,

which was analyzed both for the recent past and near future. The focus was laid on the underlying

physiological mechanisms induced by rising N deposition in global vegetation and differences

between climate zones and forest types around the world. The conducted research encompassed a

variety of analyses of C–N interactions involving direct observations, terrestrial ecosystem models

and synthesis of existing scientific knowledge on the topic. In chapter (2) maximum canopy

photosynthesis (Amax) from FLUXNET forest sites was derived to analyze the relative control of

N deposition and climate on C assimilation. It was found that N deposition positively related to

Amax in boreal and temperate forests receiving less then 8 kg N ha−1 yr−1. Although confounding

climatic factors did not allow drawing an unambiguous link between N deposition and Amax in

these presumably N limited forests, the majority of forests prevailed above 8 kg N ha−1 yr−1 and

exhibited no photosynthetic response to N deposition.

In chapter (3) N cycle dynamics of the dynamic global vegetation model LPJ-GUESS were

evaluated, using direct C flux observations from FLUXNET and other independent data streams.

LPJ-GUESS was employed to assess historical N deposition effects (1900–2005) at site and global

scale. In absolute terms, N deposition had the greatest effect on C sequestration in temperate

regions, while they were limited in boreal regions. Unexpectedly, N deposition induced C

sequestration of tropical regions was equally high as in temperate forests. Globally, N deposition

contributed 24% to historical C sequestration. Then in chapter (4) the land-surface model, CABLE,

was used to assess historical and future N deposition effect (1901–2100) at global scale, while

considering the potential limitation constrained by P cycle dynamics thereon. Historically, N

deposition induced 6% of global C sequestration, with little P effects thereon. N deposition effects

increased in the future to 15% globally and contributed up to 40% to C sequestration in temperate

regions. The importance of N deposition increased over time due to a sustained demand for N

following CO2 fertilization. N effects were induced by increased N inputs and N uptake, while

NUE and plant C:N were minimally affected by N deposition within CABLE.

In chapter (5) existing knowledge on the underlying physiological mechanisms of positive ef-

fects of increasing N availability on wood growth were synthesized. There was limited evidence

that N induced wood growth is solely determined by photosynthesis enhancement, which is the main

acting mechanism of C–N interactions in current ecosystem models. Other potential mechanisms

were reviewed, out of which reduced plant C investments in mycorrhizae as a response to enhanced

N availability has a high potential to explain induced wood growths, which remains however poorly

quantified to date. This current chapter will highlight what the presented research could add to the

body of knowledge with regards to the effect of N deposition (and fertilization) on terrestrial C se-

questration, and what could be learned in regards to the underlying physiological processes of C–N
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effects. This will be discussed in order of the research questions posed in the introduction (section

1.7). Based on the presented findings recommendations for future research avenues to be carried

out are made.

6.2 Historical N deposition effect

The absolute amount of historical C sequestration differed significantly between the two models

employed in this study. In LPJ-GUESS, 117 Pg C were sequestered in terrestrial ecosystems

over the historical period (1901–2006), while in CABLE this estimate was almost twice as

high with 213 Pg C (1900–2010). This highlights the pressing discrepancy between currently

employed ecosystem models regarding the historical and contemporary C balance. The range of

modeled estimates of the historical C balance without accounting for land-use changes in the 5th

IPCC report is 160 ± 90 Pg C [Ciais et al., 2013], which spans both of the modeled estimates

in this thesis. The Global C Project provides an additional observational based estimate from

1959–2011 of 127 Pg C [Le Quéré et al., 2013], which would suggest that the LPJ-GUESS

estimate likely underestimated total C sequestration. It was not possible to constrain the historical

C balance any better with the conducted research, and there is currently limited knowledge on

how much C has actually been absorbed by the terrestrial biosphere during the 20th century. This

uncertainty is among others due to the fact that global C stocks, in particular soil C, are very

challenging to quantify [Scharlemann et al., 2014]. Nonetheless, the rather poor representation

of the C balance by current ecosystem models is in disproportion to these uncertainties, i.e.

initial conditions of C stocks and global productivity in ecosystem models can and should

be improved before we address complexities such as nutrient cycles and vegetation dynamics

[Anav et al., 2013]. Existing observational based knowledge should be tightly integrated, and

stricter benchmarking practices than commonly applied should be the norm in ecosystem modeling.

The contribution of N deposition on the global C sink over the historical period similarly

diverged between the models, also in relative terms to total C sequestration, so not solely due to

diverging total C sequestration estimates discussed above. LPJ-GUESS estimated that c. 25% of

C sequestration has been due to N deposition (1901–2005), while in CABLE only 7% have been

sequestered due to N deposition. Considering only the 1990s, the models agreed more on the N

deposition effect; in LPJ-GUESS, c.19% of global C sequestration was due to N deposition, or

0.46 and 0.56 Pg C yr−1, depending on the approach employed. In CABLE, the derived estimate

was 0.3 Pg C yr−1, which constituted c.13% of global C sequestration. The remaining discrepancy

between the models could be lowered when the strong tropical C response to N deposition in

LPJ-GUESS would be ignored, in which there is somewhat limited confidence (discussed below).

Both models were in agreement with previously established ranges of current N deposition effects

of 0.2–0.6 Pg C yr−1 [Zaehle et al., 2010b], which would be equivalent to 10–20% of the global

C sink. Thus although the two models diverged strongly on historical C sequestration and N

deposition effects, both modeling experiments supported the established estimate of current N

deposition effects on C sequestration. Whether this can indeed increase our confidence in the

established range remains to be seen however.

Both LPJ-GUESS and CABLE model experiments agreed on the large contribution of

temperate ecosystems, and in particular temperate forests, to the N deposition induced C sink

over the historical period. Boreal forests were most efficient in converting N deposition into C

sequestration in both models, and also in the FLUXNET analysis boreal forests’ Amax had highest

sensitivities to N deposition. But in absolute terms the historical effect of N deposition on C

sequestration in boreal forests remained limited. The model simulations and upscaling approaches

derived N deposition induced C sequestration of 3.3 Pg C in LPJ-GUESS and 2.5 Pg C in CABLE.
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