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Chapter 13

Evaluation of Plant Responses to Atmospheric

Nitrogen Deposition in France Using Integrated

Soil-Vegetation Models

Anne Probst, Carole Obeidy, Noémie Gaudio, Salim Belyazid, Jean-Claude

Gégout, Didier Alard, Emmanuel Corket, Jean-Paul Party, Thierry
Gauquelin, Arnaud Mansat, Bengt Nihlgard, Sophie Leguédois
and Harald U. Sverdrup

13.1 Introduction

Anthropogenic activities have significantly increased the emissions to the atmo-
sphere of reactive nitrogen (Nr, Galloway et al. 2003), mostly in its reduced ( NH, )
and oxidized ( NOj ) form. These nitrogen species are dispersed in the atmosphere
and lead to atmospheric deposition, causing an increase in the acidification and
eutrophication of terrestrial ecosystems (De Schrijver et al. 2008; De Vries et al.
2007; Galloway et al. 2003; Tarrason and Nyiri 2008). In addition to sulphur, they
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Fig. 13.1 Approach and hypothesis of the coupled biogeochemical-ecological modelling

contributed to forest dieback (Friedrich et al. 2012; Hutchinson et al. 1998; Probst
et al. 1995) in eastern and northern countries over Europe in the eighties and also to
the increased occurrence of nitrophilous species (Galloway et al. 2003).

Similarly to the other European countries, the semi-natural ecosystems in France
are under the influence of N deposition due to long-range transboundary air pollu-
tion (Rogora et al. 2006; Tarrason and Nyiri 2008), which is considered one of the
main factors influencing the decrease in vegetation diversity in Europe (De Schri-
jver et al. 2008; De Vries et al. 2007).

Within the 1979 Convention on Long-range Transboundary Air Pollution (LR-
TAP), critical loads (see Chap. 1) are used as a tool to help regulate the air pollution
over Europe and evaluate its impact on (forest) ecosystems (Nilsson and Grennfelt
1988; Posch 2002; Probst et al. 2008; Probst and Leguédois 2008). For nitrogen, the
critical load models already developed (steady-state or dynamic geochemical mod-
els, empirical models, see Hettelingh et al. 2008) were obviously not adequate to
reach objectives in terms of vegetation biodiversity conservation namely regarding
ecological richness. Indeed, they took into account the influence of nitrogen deposi-
tion on vegetation only in an indirect manner by applying an assumed critical limit
of N concentration in soil solution (allowable drainage flux; see Chap. 2) or in terms
of a recommended tolerable maximal deposition based on expert advice. In France,
these two kinds of approaches, i.e. the use of a biogeochemical steady-state model
and empirical critical loads, lead to a major difference in critical load evaluation,
which was estimated to 400 eq ha™'yr™! for 50 % of French forest ecosystems in a
range of value of 200-1500 eq ha 'yr ! (Probst and Leguédois 2007).

Following the 25th meeting of the ICP Modelling and Mapping of the Working
Group on Effects under the LRTAP Convention, a new approach was proposed
based on coupling biogeochemical dynamic models with ecological integrated
models (De Vries et al. 2007), in order to better take into account the impact of N
deposition on biodiversity. This new approach was based on the hypothesis that
N deposition will lead to a modification on biogeochemical characteristics of the
soils (e.g. pH, C/N ratio). These changes in trophic conditions were supposed to
cause changes in ecological response of the vegetation community (Fig. 13.1). The
dose (atmospheric N deposition) was the origin of the biogeochemical response
and as a cascade process provoked the ecological response (Belyazid et al. 2006;
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Sverdrup et al. 2007; Wallman et al. 2005). To evaluate nitrogen critical loads, dy-
namic models have to be run in inverse mode, i.e. it is necessary to calculate the
maximum deposition that will not cause the exceedance of biogeochemical critical
limits that might imply significant changes in ecological richness (Fig. 13.1). Thus
it was required: (i) to define objectives of vegetation biodiversity protection; (ii) to
determine the trophic limits to reach the protection objectives using an ecological
model; (iii) then, using a biogeochemical model, to assess the maximum atmospher-
ic deposition, i.e. the critical load, that led to exceedance of trophic limit conditions.

In Europe (United Kingdom, Netherlands, Switzerland, Sweden) various kinds of
coupled models have been developed and tested: SMART2-SUMO-MOVE/NTM,
MAGIC-SUMO-GBMOVE (see Chap. 11), BERN (Chap. 14) and ForSAFE-VEG
(Belyazid et al. 2006, 2011a, b, Sverdrup et al. 2007, 2012). However, a synthesis
of these pioneer work indicated that there is a need for adaptation and up-scaling
of the models beyond the regions for which dose-response relationships have been
parameterized, to make them generally applicable (De Vries et al. 2010). It proved
challenging to extrapolate the use of these ecological models to areas for which no
calibration is available, since:

 the geographical extension of vegetation species is limited,

» for a given species, the ecological response to trophic conditions could vary
over the European scale territory (Diekmann and Lawesson 1999). Moreover,
concerning the biogeochemical module, it is necessary to evaluate the sensitivity
and the applicability at the country scale taking into account the variables and
parameters needed as input.

The assessment of these possibilities is a fundamental step before applying this
modelling approach at the country scale.

In this chapter, we propose as a first approach to apply the two biogeochemical
models developed and used for critical load evaluation over Europe and northern
America, ForSAFE (Wallman et al. 2005) and VSD* (Bonten et al. 2009) and their
coupled module VEG, on selected French ecosystems. The specific aims were:

* to test the feasibility of applying two dynamic models (ForSAFE and VSD*) on
forest sites with different environmental conditions (characterized by different
climatic conditions, soil physico-chemical properties such as C/N ratio and pH,
nitrogen deposition, vegetation types...)

* to build a vegetation table composed of main forest species covering various
ecological conditions typical of the very large biodiversity of French territory, to
run the VEG module;

* to validate and run the coupled biogeochemical-vegetation models: VSD*-VEG
and ForSAFE-VEG;

* to evaluate the variability of the model responses in term of species richness
and composition predicted under current nitrogen atmospheric deposition and to
discuss their sensibility.
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13.2 Methods/Approach

13.2.1 Description of the Study Sites

As the French ICP-Forests network (called RENECOFOR, the national network for
long-term monitoring of forest ecosystems) has already been used for a consider-
able number of investigations, forest stands are very well documented (Gandois
et al. 2010a, b; Hernandez et al. 2003; Party 1999). In this study, four documented
forest sites (CHS41, EPCO08, SP57 and PM40c) belonging to this network (Fig. 13.2
and Table 13.1) were selected to run the VSD* and ForSAFE-VEG models. The
mean N deposition and climatic characteristics are listed in Table 13.2. The two
sites from the north-eastern part of France received the highest nitrogen inputs and
were dominated by spruce (EPCO08) and silver fir (SP57), whereas oak and pine are
the dominant species in CHS41 and PM40c, respectively. Acid soils such as cambic
podzol (EPC 08), dystric cambisol (SP 57), gleyic podzol (PM40c) and stagnic lu-
visol (CHS41), were also addressed (Gandois et al. 2010a; Hernandez et al. 2003).

13.2.2 Models Description and Calibration

The two models VSD™ and ForSAFE were selected since they are mechanistic mod-
els proved to be efficient in simulating the biogeochemical response to nitrogen
deposition in soils. They are both linked to a VEG-module, which allows testing
the forest vegetation response to nitrogen deposition (Belyazid et al. 2006, 2011a;
Posch and Reinds 2009).

13.2.2.1 The VSD* Model

The VSD* model is an extension of the simpler VSD model (Posch and Reinds
2009), which was primarily developed to simulate acidification processes in soils.
The extensions of VSD™ concerns primarily the inclusion of the carbon (C) and N
cycles (Bonten et al. 2009, 2011) to make it more suitable for applications in climate
change (C sequestration) and biodiversity studies. Still, VSD" is a simple model
designed for applications on a (large) regional (European) scale. Thus certain pro-
cesses (e.g. sulphate sorption and aluminium complexation) were neglected, and the
input data requirements were kept to a minimum. For a more detailed description of
the VSD™ model see Chap. 8. VSD™ is a single layer model, and here a soil depth of
30 cm was chosen to represent the rooting depth of the vegetation.

The input data for VSD™ were mainly extracted from the French RENECOFOR
network, and more precisely from the four forest sites described previously, and
from the French critical load database. To ensure regional application of VSD*,
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Fig. 13.2 Location of the selected RENECOFOR forest sites

EMEP deposition data (NO_, NH,, S) were used except for base cations deposition
data (Ca, Mg, K and Na) that came from the RENECOFOR sites.

The initial state of the model corresponded to the early state of the present-day
woodland. At this stage, the initialization of the model required data for the follow-
ing parameters: C/N ratio, C and N pools, base saturation etc. Since no measured
initial data were available, the model generated those data from (present-day) ob-
servations, using a Bayesian calibration method (Posch and Reinds 2009). The fac-
tors for mineralization (rf_ . ), nitrification (rf_,) and denitrification (rf_,_ .) due
to moisture and temperature were computed by the MetHyd model developed with
VSD* (Posch and Reinds 2010). Mean vegetation growth and litter production were
considered as constant over time. Indeed, a growth function could be calculated in
different ways depending on data available on biomass production and harvest. In
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Table 13.1 Input data to VSD* for the selected RENECOFOR sites. (Bréthes and Ulrich 1997)

Parameter [unit] | CHS41 EPCO8 SP57 PM40c
Period simulated | 1900-2100 1960-2100 1941-2100 1980-2100
Thickness [cm] | 0.3 0.3 0.3 0.3
Bulk density [g | 1.183 1.004 1.38 1.024
cm?]

Theta® [m m™'] 0.3051 0.3776 0.2279 0.2133
CEC [meqkg™'] |39.6 52.22 26.67 32.56
Temperature® 11.05 8.609 8.307 12.87
[°C]

Percolation® [m | 0.1759 0.586 0.3729 0.584
yr']

Ca weathering 0.00774 0.00304 0.00026 0.00016
[eqm~yr]

Mg weathering | 0.0018 0.00038 0.0018 0
[eqm~yr ]

K weathering [eq | 0.00146 0.00042 0.0013 0.00014
m7yr!]

Na weathering 0.00988 0.00766 0.00048 0.00012
[eqmyr']

Bsat , " [eq 0.1854 0.039 0.1348 0.3402
myr']

Cpool , *[gm™] | 5732 4937 2240 4544
Npool , ®[gm™] | 299.8 2944 119.5 179.5
CNrat, *[gg™'] |19 17 18,75 26

pH,, " 4.4 4,1 4,1 4.45
Dominant Quercus petraca | Picea abies (L.) | Abies alba Pinus pinaster
species (L) (Mill.) (Ait.)

3 Calculated with the MetHyd model
b Measured values in 1995

Table 13.2 Open field N depositions (meq m~2yr™'), annual rainfall (mm) and annual air

temperature (°C) for the selected RENECOFOR sites (mean over 1993-2008)

Site code Mean NO, (meq | Mean NH, (meq | Mean annual Mean air tem-
m2yr ) m2yr) rainfall (mm) perature (°C)

CHS41 17.6 26.1 766 11.4

EPCO08 424 64.9 1398 8.8

PM40C 18.2 22.5 938 9

SP57 36.9 442 1353 13

the future, as described in the VSD* manual, a logistic growth function might be
used to take into account human activities like wood uptake and harvest, as well as
tree growth. Validation results of the model outputs are shown in Fig. 13.3.
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13.2.2.2 The ForSAFE-VEG Model Chain

ForSAFE: ForSAFE is a mechanistic biogeochemical model developed in Sweden
(Wallman et al. 2005) and regularly improved (Belyazid et al. 2006, 2011b). The
main goals of the model are to simulate (i) the cycles of carbon, nitrogen, base cat-
ions, and water in forest ecosystems; (ii) the soil acidity and aluminium mobility
(A*"). ForSAFE is composed of four modules dedicated to specific soil and forest
processes. Used at a monthly stepwise, ForSAFE simulates base cation weathering
rate, soil water content, element concentrations in soil solution, flux of nitrogen and
base cations accumulated in plants, mineralisation and decomposition rates of the
litter, photosynthesis and vegetation growth (Belyazid 2006). Tree biomass growth
is simulated by a module derived from the PnET model (Aber and Federer 1992).
Photosynthesis is determined by the nitrogen content in leaves and by the amount
of light reaching the site, then corrected by water and nutrients availability. The
tree biomass is simulated as three tree compartments (leaves, wood and roots). This
module provides information on:

* the element flux absorption to the soil chemistry module;
* the water absorption to the hydrology module; and
* the litter flux to the decomposition module.

To simulate the soil chemistry behaviour, the SAFE model has been adapted and
linked to the other modules (Alveteg et al. 1995). In the chemistry module, the
fluxes from weathering and from cationic exchange processes, the aluminium mo-
bilisation, as well as the soil solution chemistry balance, are simulated. The hy-
drological module was adapted from the PULSE model (Lindstrdm and Gardelin
1992) which simulates the vertical transfer of soil solution from one layer to another
and the evapotranspiration. Finally, the model DECOMP was included to simulate
the litter decomposition in relation with chemical and hydrological soil conditions
(Wallman et al. 2000).

Input and output data in ForSAFE are more numerous than in VSD™ since For-
SAFE takes into account more complex processes, and also considers multiple soils
layers. Consequently, this allows a better control of the simulations at each site, but
on the other hand applications over more sites are limited since more input data are
needed, and their availability is not so frequent at a large scale. Moreover, ForSAFE
has no convenient graphic interface and basic data should be integrated. Neverthe-
less, some scripts were developed recently to facilitate the use of input data on
several forest sites.

VEG: VEG is a module simulating the composition of the plant communities in
terrestrial ecosystems (Sverdrup et al. 2007). VEG reconstitutes the abundance of
different kinds of understorey plants in a specific site, depending on the response
of the plants to temperature and surrounding light, soil water content, soil solution
pH, and nitrogen and base cation concentrations in soil solution. Therefore, the data
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required to run VEG are related to all those parameters, which can be implemented
directly in the VEG-table or by the way of ForSAFE.

ForSAFE model was run on three of the previously selected sites (except PM40c
because of the lack of soil solution data). ForSAFE-VEG was then applied using the
French VEG-database to perform trials on one of the forest sites (CHS41).

13.2.3 The French Vegetation Database

A French VEG-table (see examples in Table 13.3) was set up by a consortium of
French and international experts to take into account the diversity of plant species
in the French forest ecosystems. More than 230 species were added to the initial
plant list set up in Sweden and Switzerland. This database is now included ina VEG
European database. The extension of the species list for France was set up during
a dedicated workshop with vegetation experts in October 2009. Relevant species
were chosen to represent the various French forest ecosystems on the basis on expert
knowledge. For each plant added to the plant list which was already documented for
Sweden and Switzerland, the VEG-parameters were estimated compiling several
sources of data (i.e. Rameau et al. 1989) and the new species were documented.
For some parameters, the link between existing databases and the VEG-parameters
needed a scale calibration (such as “nitrogen classes based on C/N ratio”, “pH” and
“temperature”, which were obtained from EcoPlant database (Gégout et al. 2005).
The main parameters (see Table 13.3) were determined as follows:

» The delay time expressed in years, based on average generation time and lifes-
pan, was drawn from the French flora (Rameau et al. 1989, 2008) and expert
opinions.

» The classes characterizing vegetation that is promoted by enhanced nitrogen
availability were based on C/N values extracted from the EcoPlant database
(Gégout et al. 2005) and adapted to the VEG classes. For the missing species of
EcoPlant, the information was found in the French flora and using the Ellenberg
N parameter (Bardat et al. 2004; Ellenberg et al. 1992; Ellenberg 1988; Julve
1998; Louvel et al. 2013).

» The classes characterizing vegetation whose growth is inhibited by enhanced
nitrogen availability and the water and light response classes were deduced from
the French flora.

* The lowest pH value was from the EcoPlant database and from the French flora
when missing.

e The minimum temperature (the lowest annual average temperature when the
plant can start taking ground) was extracted from the EcoPlant database and
from the French flora when missing.

» The effective shading height was deduced from the French flora. For trees and
shrubs, the height was considered only for seedling with a standard height of
0.1 m.
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* The browsing based on the palatability characteristics of the species was ex-
tracted from the literature, the pastoral floras (Boulanger et al. 2009; Bruneton
2005; Dorée 1995; Gusmeroli et al. 2007; Morellet and Guibert 1999) and expert
advices.

13.3 Results and Discussion

13.3.1 VSD* Output and Validation

Figure 13.3 shows the trends in C and N pool, C/N ratio, base saturation (Bsat),
Al¥*, Al/BC ratio and pH under the influence of the evolution of nitrogen deposi-
tion over 200 years (1900-2100) depending on the early state of the present-day
woodland in the sites.

The forecasted C and N pool trends in the four selected sites show a good agree-
ment with observed values. The C and N pools were both continuously increasing,
despite the decrease in N deposition by the nineties; nevertheless for the two sites
that correspond to the youngest forests (EPC08 and PM40c), the C pool increased
faster related to the rapid growth of the coniferous trees probably stimulated by the
“fertilizing nitrogen input”. Indeed, the highest nitrogen deposition corresponded to
the period of trees plantation. This increasing pattern is in accordance with the lit-
erature (Bonten et al. 2009). However, this result could also be related to some spe-
cific inputs such as modifying factors of mineralization (rf_ . ), nitrification (rf_,)
and denitrification (rf_,, .) that are known to largely influence the C/N ratio. These
parameters were poorly documented, and values used here may require further veri-
fication. Further studies are needed in order to improve these input estimates, espe-
cially by using adapted French meteorological data (e.g. missing sunshine data) to
calibrate these parameters using the MetHyd model.

At all the sites, the C/N ratio shows an increasing trend, even before the period of
increasing N deposition at the beginning of the simulations. This may be interpreted
as a significant N uptake for the growth of young vegetation. In PM40c, the less sig-
nificant increase may be linked to the available N content in soil following the high
N deposition in this period (around 1981). The C/N ration increased in EPC08 and
PM40c in agreement with the significant increase in C pool, but the ratio decreased
from 1980 in CHS41 and SP57. These latter forest sites are characterized by soils
with a low nitrogen mineralization (Bréthes and Ulrich 1997).

The increasing N deposition led to the acidification of the four forest soils, as
shown by the simulated pH and base saturation pattern. From 2000, pH and Bsat
increased at the same time as N deposition decreases. Regarding acidification pro-
cess, the impact of N deposition seemed more important than the influence of the
vegetation and the soil type, as already shown by Moncoulon et al. (2007). With a
lower N deposition level, PM40c displayed the lowest perturbations. However, the
model underestimated the soil pH values for all sites (except for PM40c), but base
saturation remained overall well predicted.



370 A. Probst et al.

13.3.2 ForSAFE Output and Validation

Before applying the ForSAFE-VEG platform, ForSAFE was validated on the se-
lected French forest sites. The assessment of model performance consisted of the
comparison between predicted and observed values (Belyazid et al. 2006, 2011a).
The concentrations of Na* and Cl™ (ueq I'!) were used to validate the hydrologi-
cal ForSAFE module since they were powerful tracers in those types of soils
(Fig. 13.4). Validation was performed on about the first 20-30 cm. A non-seasonal
lag time between modelled and measured data was observed at some sites as well.
The observed model behaviour discrepancy between sites might be explained by
the differences in deposition levels between sites (i.e. at EPC08, Na and Cl deposi-
tion was twice that measured at CH41). Indeed, some improvements are needed in
ForSAFE, including an improved representation of hydrological processes linked
to water horizontal fluxes and to topography. Accounting for the mineralization of
twigs and barks could further help in improving the low values that are forecasted
for base cations in the soil solution (data not shown). For that purpose, a new ver-
sion of ForSAFE is currently under development and validated on various sites and
data.

13.3.3 Comparison Between and Validation of ForSAFE-VEG
and VSD*-VEG

Plants from the French VEG-list (Table 13.3) have been classified into main group
types (grasses, herbs, mosses, lichens and trees). As a comparison purpose, For-
SAFE-VEG and VSD*-VEG were run on the CHS41 RENECOFOR site, the site
with the most documented dataset. The observed and modelled data of the ground
cover for the different plant groups were compared on Fig. 13.5.

To validate VEG model performance, the list of species predicted by the VEG
model was compared with the species observed in the field relevés (if available).
The first validation was established on site CHS41 for the year 2005. Among about
one hundred species that ForSAFE was able to predict for such a site, only 23 spe-
cies were observed in the site relevés: Teucrium scorodonia, Melampyrum pratense,
Deschampsia flexuosa, Lonicera periclymenum, Holcus mollis, Atrichum undula-
tum, Polytrichum formosum were modelled and observed in this site with similar
abundance. Most of them were typical plants of acidophilus oak grove character-
izing this forest site. The model output was encouraging in term of ability to pre-
dict in a good way the plant response. However, about ten species observed in the
field were not predicted by the model, for some of them obviously because they
were note inside the VEG table. Finally, more than 80 species predicted by For-
SAFE were not observed in the field relevés. Among them, some might have a good
probability of occurring in the field, but others not at all because of their known
temperature range. For example, some mountainous species like Cicerbita alpina,
Arctostaphylos uva ursi or Atlantico-mediterranean species like Quercus suber, or
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Fig. 13.4 Predicted (continuous lines) and measured (squares) Na and CI concentrations in soil
solutions between 1993 and 2009 for the selected RENECOFOR sites (CHS41, EPC08 and SP57)

more typical Mediterranean species like Pistacia sp., were mostly improbable to
be found in this environmental condition. The presence of these species in the out-
puts indicated that improvements were needed, and this could be improved by a
more thorough validation on some typical sites of the RENECOFOR network since
relevés were available. This could help also to improve the parameterization of the
VEG-table in order to better predict the occurrence and abundance of the species,
particularly as regard to their belonging to large biogeographical regions in Europe.

Unlike ForSAFE-VEG, the VSD*-VEG model only predicted the percentage of
occupancy of plant species and not the number of species that were matched by
the model and observed in the site. For this reason, only the 17 species predicted
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Fig. 13.5 Modelled and observed ground cover of plant groups: grasses: ® herbs: B, and mosses:
A for the site CHS41 using FORSAFE-VEG (/eff) and VSD*-VEG (right)

by ForSAFE were used to compare to the VSD*-VEG model outputs. The results
showed (Fig. 13.5) that the two models underestimated the occurrence of certain
forbs or herbs (such as Hedera helix L listed in the group) and grasses (such as
Holcus mollis L.). Moreover, the presence of certain mosses (such as Dicranella
heteromalla Hedw.) was overestimated by ForSAFE-VEG, whereas others are un-
derestimated by VSD*-VEG (such as Polytrichum formosum Hedw.) (Fig. 13.5).

From these trials, it could be deduced that some improvements were still needed
regarding:

e pH and C/N, which are the main driving parameters influencing the occurrence
of vegetation species (Gégout et al. 2005) for both models;

 the adjustment of some parameters in the VEG-table such as pH and tempera-
ture.

13.3.4 Evaluation of Simulated Vegetation Changes
by ForSAFE-VEG and VSD*-VEG

Figure 13.6 shows the simulated changes in the occurrence of ground vegetation
plant groups (% of all simulated plant groups) as predicted by the two models from
1900 to 2100 in the CHS41 site. ForSAFE-VEG model results include variations
in the computed occurrence of the plant groups. Herbs and grasses were comput-
ed to be dominant between 1920 and 1930. This could be related to the modelled
behaviour of nitrogen and carbon pools and to site reforestation as mentioned in
(Ponce et al. 1998). During the period between 1968 and 2002, the simulated plant
response was related to the high increase in N deposition that occurred from 1960
to 1980 (Fig. 13.3). Particularly, the relative moss occurrence was computed to in-
crease significantly from 4 % in 1930 to 21 % in 1984. This indicated that this vege-
tation group is sensitive to N deposition. Indeed, from the literature (Armitage et al.
2011; Poikolainen et al. 2009; Xiao et al. 2010) it turns out that, mosses (Hypnum
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and Leucobyrum), grasses (Molinia and Calamagrostis), forbs or herbs (Hedera
and Impatiens) and ferns (Dryopteris and Pteridium) are described most sensitive
to changes in nitrogen deposition. The computed change in species occurrence was
particularly obvious for Hypnum (5-10%) from 1900 to 1980, which correspond-
ed to the maximum of N deposition (Fig. 13.7). ForSAFE-VEG simulations were
performed on various RENECOFOR sites showing a general increasing trend for
Hypnum cover in relation to NO_ deposition. However, this trend was not uniform
for all sites and there is no straightforward relationship between the magnitude of N
deposition and moss cover response. It is likely that site-specificity (e.g., biological
activities, climate) is a confounding factor that needs to be addressed in more detail
in the model to sufficiently reflect the monitored pattern of the given species.

On the other side for VSD*-VEG model, no significant changes were simulated
in the modelled occurrence of plant groups during the same period (Fig. 13.6). This
indicates that the model was less sensitive than ForSAFE-VEG to simulate tenu-
ous vegetation changes. Nevertheless, further investigations are needed in order to
compare the performance of the two models on other sites.

13.3.5 Model Improvements Needed and Outlook

VSD*-VEG is a simple model tailored to requirements of regional/national scale
simulations of impacts to N deposition, but regional simulations remain to be tested
and validated. Results from a first run with VSD* on the selected sites correspond
rather well with reality, but we must be cautious that only one period of dataset was
available for validation. This good agreement between simulated and measured soil
data was encouraging, but further validation is needed. However, the following is-
sues turned up that need to be addressed:

* the estimation of some of the key input parameters, like the “growth function” to
better reflect C and N dynamics in the soil-plant system;

* meteorological inputs need to be adapted to French conditions to determine
reduction functions for mineralization and (de)nitrification using the MetHyd
module;

 the pH of French soils needs to be validated using recent soil samplings that were
performed on the French ICP forest network. We must keep in mind that the un-
derestimation of simulated soil pH (as observed on Fig. 13.3 particularly for the
considered site CHS41) may have influenced the VSD*-VEG outputs.

A tentative comparison of simulation results between the ForSAFE-VEG and
VSD*-VEG model yields the following findings (Fig. 13.6). For this, simulations
were validated against times series of data. Obviously ForSAFE-VEG was more
sensitive to predict vegetation changes under nitrogen deposition. But the numerous
input data required to run ForSAFE-VEG might stand in the way of its application
on a large country scale and, moreover, this might induce large uncertainties in
model output (Wallman et al. 2005). The advantage of this modelling approach
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is the long-term assessment of N deposition impact on the vegetation diversity.
More investigations are also needed in order to improve the validation of the treat-
ment of hydrology in ForSAFE (Belyazid et al. 2006). Indeed, validation of the
nitrogen outputs in soil solution and vegetation changes must be extended to other
forest sites. Moreover, management practices such as clear-cutting or thinning have
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been recently implemented in ForSAFE-VEG platform since the run on 15 French
ICP-Forests sites showed that these prove an adequate footprint of the temporal
variability of pH and nitrogen outputs. The relatively minor influence of nitrogen
deposition could be explained by the strong interaction between nitrogen deposition
and the canopy, as modelled by the “Canopy budget” models (Staelens et al. 2008).
Thus, the amount of nitrogen reaching the soil (i.e. nitrogen having an impact on
soil nitrogen characteristics) could be significantly different from the amount of
nitrogen contained in bulk deposition, which was the input factor considered here.
Also for some sites the influence of dry deposition could be significant and must be
better taken into account in future simulations.

Recently, the VEG table has been revised at the European scale by scientific
experts and some of the ecological parameters were simplified. We propose also to
test a new modelling approach based on the definition of ecological and functional
types (under progress). With this approach, we aim to verify the hypothesis that, the
vegetative response of functional groups to site specific N deposition might com-
plete current site specific findings regarding the interaction between species, in the
context of environmental specific station parameters.

Conclusions

France is known for its large variety of landscape in semi-natural conditions. The
ICP-Forests network has registered long time series of N atmospheric deposition
and a large set of environmental parameters. Thanks to these data, it is possible to
investigate the response of nitrogen deposition at those forest sites under various
site specific environmental conditions using coupled biogeochemical and vegeta-
tion models.

These trials on ForSAFE-VEG and VSD*-VEG models and validations using
measured data on RENECOFOR forest sites have allowed identifying their limita-
tions, but they also showed that it was realistic to simulate the link between N de-
position and under storey plant diversity. The two models have shown their ability
to predict changes in soil parameters under the influence of N deposition. Changes
in the vegetation cover according to the considered groups are better predicted by
ForSAFE-VEG model chain than with VDS*-VEG, since the response was more
obvious for nitrogenous species like Hypnum cupressiforme. Mosses are particular-
ly reactive and showed the highest increase in cover percentage compared to other
vegetation in classes, indicating a high sensitivity to atmospheric N deposition. The
under- or overestimation in predicting the presence of certain mosses plant cover
using the two models indicated that improved calibration is needed. The ForSAFE-
VEG simulated change over time of the dominant ground plant groups could be
related to both changes in site environmental conditions, and in particular to the
influence of the maximum wet N deposition. However, it is likely that the simulated
vegetation response to nitrogen deposition becomes even more obvious at selected
sites when dry deposition is taken into account. Finally, the French VEG-table has
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been used to enlarge the European version and to increase their robustness. Ecologi-
cal parameters, in addition to C/N ratio, are currently under quantification using the
EcoPlant database data (Gégout et al. 2005).

The performance of the ForSAFE-VEG and VSD*-VEG model on selected sites
showed that:

it is realistic to simulate the link between N deposition and vegetation diversity,
and

it is possible to improve the simulations by implementing processes and influ-
encing factors in the geochemical models and the VEG database.

Further investigations, using other sites, are needed to compare the performance of
the two models. However, the modelling of critical loads of nitrogen for forest and
grasslands ecosystems based on coupled geochemical-ecological approaches is a
promising way forward.
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