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PROJECT DESCRIPTION

Understanding the role of terrestrial ecosystems in removing carbon dioxide (CO,) from the
atmosphere is a fundamental challenge to predict future changes in earth climate. For
example, forests are an important carbon sink taking up an estimated 30% of carbon
emissions (Churkina et al., 2009; Schulze, 2006). The drivers behind this process are still
debated but the nitrogen (N) cycle is likely to play an important role as N is a limiting
resource for plant growth (Smith et al., 2002).

Including N cycle in modeling approaches is thus essential to accurately predict C storage. To
achieve this, indicators of N cycling, such as foliar N content are necessary. Foliar N is widely
used in ecosystems models (Ollinger and Smith, 2005; Smith et al., 2001; Zaehle and Friend,
2010) and plays a fundamental role in the processes of photosynthesis and NPP (Ollinger et
al., 2008; Reich, 2012; Smith et al., 2002). However, data availability within the N cycle is
limited and N cycle data is lacking at a global scale.

Optical remote sensing has the potential to provide these foliar N estimations globally. Foliar
N has already been studied with remote sensing at local and regional scale (Huang et al.,
2004; Huber et al., 2008; Kokaly et al., 2009; Ollinger et al., 2008; Schlerf et al., 2010). We
propose a method to estimate foliar N globally with remote sensing products, calibrated
with large global plant trait databases.

The remote sensing products used in our analyses are Meris-Envisat records, which provide
high temporal global images with strategically placed spectral bands in the red-edge region,
which allows the computation of the MERIS terrestrial chlorophyll index (MTCI) for the
estimation of vegetation chlorophyll and N-content (Dash and Curran, 2007). The use of the
red-edge region to estimate canopy N was highlighted by imaging spectroscopy studies
(Huang et al., 2004; Huber et al., 2008; Schlerf et al., 2010). MTCI proved to be successful at
estimation of physiological processes like GPP and carbon fluxes estimation (Boyd et al.,
2012; Harris and Dash, 2010; Peng and Gitelson, 2011) as well as chlorophyll and leaf N
concentration (Tian et al., 2011).
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Analyzing the relationship between MTCI and field measured foliar N from the TRY database
(Kattge et al., 2011) has already yielded promising preliminary results. Foliar N data from ICP
Forests will provide us with the opportunity to increase the European coverage of our foliar
N data analysis. Moreover, the homogeneity in measurements standards within ICP Forest
foliar chemistry data assures us of the high quality of the data. In the try database, on the
contrary, every contributor has its own sampling and measurement method, which increases
the disparity among the data. Being able to carry out our analysis with ICP Forest foliar
chemistry records will thus allow us to calibrate the relationship between foliar N and
remote sensing products more accurately.

The analyses will be carried out at European scale and will consist of both a linear and a
multiple regressions. The multiple regression analysis will include, apart from foliar nitrogen
and MTCI, environmental variables, such as temperature, precipitation, soil types and
elevation and LAI.

The obtained global foliar N maps could then be assimilated into LPJ-GUESS, a Dynamic
vegetation model which includes the key biogeochemical and biophysical processes and
feedbacks between the C and N cycles.

This study is funded by NWO the Netherlands Organization for Scientific Research as a four
years PhD project: NWO ALW-GO-AQ/14-12.
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