4 )
P Y A YT Y-

Effects of climate change on air pollution impacts

and response strategies for European ecosystenzswzm g EvE;dﬁ-rg;ﬁ#ﬁ?ﬂﬂ K

Project Number 282910
ECLAIRE

Effects of Climate Change on Air Pollution Impacts and Response
Strategies for European Ecosystems

Seventh Framework Programme

Theme: Environment

D4.2 — Ozone dry deposition parameterisations: Ozone dry deposition
parameterisations, improved with respect to changes in climate and
environmental conditions, suitable for inclusion in CTMs

Due date of deliverable: 31/10/2014 Actual submission date: 03/11/2014
Start Date of Project: 01/10/2011 Duration: 48 months

Organisation name of lead contractor for this deliverable :
Stockholm Environment Institute-York, University of York

Project co-funded by the European Commission within the Seventh Framework Programme

Dissemination Level

PU Public

PP Restricted to other programme participants (including the Commission Services)

RE Restricted to a group specified by the consortium (including the Commission Services)

L]0 0) >

CO Confidential, only for members of the consortium (including the Commission Services)




ECLAIRE Deliverable D4.2

1. Executive Summary

Existing surface/atmosphere exchange models for O3 were further developed and tested versus new
ECLAIRE datasets to better represent ozone deposition to the ecosystem compartments and include
responses to climate and environmental conditions: (1) stomatal deposition driven by photosynthesis;
(2) cuticular deposition and (3) ground deposition. Three models served as basis for these
developments and validations: the DO3SE model, with a focus on stomatal exchange and link with
photosynthesis, the SURFATM model for testing new ground deposition parameterisation, and
MUSICA for developing a new wet-cuticle deposition module.

New parameterisations have been developed and are ready for inclusion in ESX modelling framework:
(1) A new stomatal uptake module including photosynthesis; (2) a wet cuticular deposition module as a
function of total reaction rate in the water film; (3) a parameterisation of O3 deposition to ground as a
function of surface relative humidity. All these parameterisation have been tested against ECLAIRE or
previously existing datasets.

A new DO3SE_C module has been incorporated into the DO3SE model framework (essentially
substituting the previous gs,, module, which used a multiplicative model to estimate g, based on
Jarvis, 1976). The model has been parameterised for European land cover types, consistent with those
used by the EMEP model. This has required the identification from the literature of 5 parameter values
for 9 landcover types made up of 11 different species. Finally, the model has been coded so as to allow
easy incorporation into the ESX modelling scheme.

Objectives:
To improve an existing ozone deposition model to include climate and environmental conditions
changes suitable for inclusion in CTMs (DO3SE, Deposition of Ozone for Stomatal Exchange)

1. parameterisation of the model for application across Europe within the EMEP model and,;
2. a model formulation coded so as to be easily available for use in EMEP (the ESX model).
3. Development and test of new parameterisation of o0zone deposition to ground

4. Development and test of new parameterisation of o0zone deposition to wet cuticle.

2. Activities:

- Literature review to parameterise the model for European conditions.

- Work on programming the code to identify the mechanisms by which these algorithms can be
incorporated into the ESX model framework.

- Literature review on parameterisation of dry deposition of ozone to ground

- Literature review on dry deposition of ozone to the cuticle.

- Development of new module on ozone deposition to wet cuticle.

3. Results:

- ldentification of the algorithms that will together form the new Anet-gsto module

- Parameterisation of the model for European land cover types

- Coding of the new algorithms into the existing DO3SE model (substituting the existing multiplicative
algorithms)

- Parameterisation of ground ozone deposition as a function of surface relative humidity

- Parameterisation of ozone deposition to wet cuticles as a function of total water chemical reaction rate
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4. Milestones achieved:

MS 15: Literature review on the effects of ozone and nitrogen deposition on stomatal functioning and
on the influence of surface wetness on total O3 deposition.
MS 17: Improved representation of the influence of environmental drivers on stomatal conductance

5. Deviations and reasons:
None

6. Publications:

Potier E. 2014. Modélisation de I’effet de la structure du couvert végétal et des réactions chimiques
avec les oxydes d’azote et les composés organiques volatils biogéniques sur I’impact de I’ozone sur les
écosystémes terrestres. PhD thesis, University Marie-Curie (Paris 6), 132p (French. Including three
papers in English).

Potier E., Jerdme Ogeée Julien Jouanguy ; Eric Lamaud; Patrick Stella; Erwan Personne; Brigitte
Durand; Nicolas Mascher and Benjamin Loubet, 2014. Multilayer modelling of ozone fluxes on winter
wheat reveals large deposition on wet senescing leaves. Agricultural and Forest Meteorol. Accepted
with major corrections.

Stella P., Personne E., Lamaud E., Loubet B., Trebs I., Cellier P., 2013. Assessment of the total,
stomatal, cuticular, and soil 2 year ozone budgets of an agricultural field with winter wheat and maize
crops. Journal of Geophysical Research - Biogeosciences, 118, 3, 1120-1132.

7. Meetings:

8. List of Documents/Annexes:

1- A new algorithm for ozone stomatal conductance including photosynthesis and ozone feedback
2- A new parameterisation of ozone fluxes to wet cuticles
3- A new parameterisation of ozone fluxes to the ground including air relative humidity
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1. Ozone Dry Deposition Parameterisations

1. The new DO3SE_C model.

The objective of the coupled photosynthesis-stomatal conductance model (Anet-Osto) Model is to
quantify leaf or canopy scale gs, with the help of easily accessible environmental parameters such as
air temperature (Ta,i), ambient CO, concentration (c;) and irradiance (PAR). The Anet-Qsto  mModel
consists of a combination of two separate models, whose main components are outlined below and
include i. the empirical Ane-gsto Model that estimates gs, (Leuning, 1990) and ii. the mechanistic and
biochemical Farquhar model (Farquhar et al., 1980) that estimates net carbon assimilation or net
phostosynthesis (Aner).

One of the first coupled Anet-gsto Mmodels was that published by (Leuning, 1990), though some other
authors are often cited as the originating sources of the model (e.g. Collatz et al., 1991 and Harley et
al., 1992). The models they apparently developed independently are essentially equivalent. The order
of description of the Anet-Qsto modelling here follows the order in which they have to be computed.

2. Parameterisation of the new DO3SE_C model

A literature review was conducted to parameterise the new model. This review focussed on the
following key model parameters:
Jmax - Maximum photosynthetic electron transport rate (a proxy for ribulose-1,5-bisphosphate
regeneration)
Vcemax - Maximum carboxylation rate of Rubisco
m - Species-specific composite sensitivity of gs to An,
g0 — minimum stomatal conductance
All values taken from the literature were measurements made at 25°C to ensure the values were not
affected by temperature variation (Medlyn et al., 2002).

These parameters were found for 9 land cover types (denoted in bold in Table 1) and within these cover
types, 11 species. These species and cover-types are those already defined by the EMEP photochemical
model and the original, multiplicative DO3SE model. Therefore, this parameterisation gave consistency
with the existing methods used to estimate deposition and stomatal ozone flux across Europe.

3. Coding the new algorithms into the existing DO3SE model for availability to ESX

The ESX model provides a new method of estimating atmospheric and in canopy exchange of
pollutants. The ESX scheme is not based on resistances but relies on numerically solving diffusion
equations for different pollutants with a parameterised exchange coefficient; essentially these equations
replace the atmospheric and boundary layer resistances previously in the EMEP and DO3SE models.
The benefit of this unique approach is that these models are able to estimate both downward and
upward flux of pollutants (i.e. can cope with pollutants that are both deposited to- as well as emitted
from- vegetation such as ammonia (NHz)).

The ESX model includes a layer-based canopy framework, numerical solutions to pollutant dispersal
and the EMEPs model atmospheric chemistry algorithms. Each layer contains pollutant sources and
sinks (e.g. due to presence of vegetation), has chemical interactions calculated within it, and is affected
by dispersal between layers (see Figure 1; where z; relates to pollutant mass transfer either as a source
(zi+1) or a sink (z;-1) from a pollutant concentration defined at z;). The model is designed to run over a
short time step to work within EMEP’s larger scale chemical transport model.
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Figure 1. A conceptualisation of the quantification of pollutant fluxes between layers within the
ESX model.
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Table 1. Parameterisation of the DO3SE_C model — maximum carboxylation (Vemax, pmol/m?/s) and maximum photosynthetic electron transport rate

(Jmax, pmol/m?/s) (Jmax).

Species / cover type

Vcemax, pmol/m2/s
(mean, median, range)

Ref

Jmax, pmol/m2/s
(mean, median, range)

Ref

Deciduous forest

56

N.B. JULES value is 36.8 (Clark
etal., 2011)

112

Birch 51, 57, [42-71] Hayes, 2014 Pers. Comm. [57], Rey & 102, 92, [84-125] Hayes, 2014 Pers. Comm. [84], Rey &
Jarvis, 1998 [42], Dreyer, et al., 2001 [71] Jarvis, 1998 [92], Dreyer, et al., 2001 [125]
Beech 52,52, [35-62] Bader et al., 2010 [44], Léw et al., 2007 107, 107, [83-128] Bader et al., 2010 [120], Low et al., 2007

[62], Parelle et al., 2006 [50], Dreyer, et
al., 2001 [66], Balandier et al., 2007 [35],
Fleck, 2001 [55]

[113], Parelle et al., 2006 [98], Dreyer, et
al., 2001 [128], Balandier et al., 2007 [83],
Fleck, 2001 [100]

Temperate Oak

65, 69, [31-91]

Marzuoli & Gerosa (2014) Pers. Comm.
[31], Dreyer et al., 2001 [88] & [91],
Bader et al., 2010 [50]

129, 152, [57-157]

Marzuoli & Gerosa (2014) Pers. Comm.
[57], Dreyer et al., 2001 [154] & [157],
Bader et al., 2010 [150]

Coniferous forest

79

N.B. JULES value is 26.4 (Clark
etal., 2011)

190

Norway spruce

71, 71, [60-81]

Zheng et al., 2002 [81], Niinemets, 2002
[60]

162, 162, [143-180]

Zheng et al., 2002 [180], Niinemets, 2002
[143]

Scots pine

87, 83, [38-144]

Niinemets et al., 2001 [48], Niinemets,
2002 [83], Warren et al., 2003 [123], Jach
& Ceulemans, 2000 [144], Wang, 1996
[38]

219, 237, [110-345]

Niinemets et al., 2001 [110], Niinemets,
2002 [237], Warren et al., 2003 [259], Jach
& Ceulemans, 2000 [345], Wang, 1996
[146]

Mediterranean broadleaf | 56 97
evergreen
Holm Oak 56, 50, [36-87] Martin StPaul et al., 2012 [87], 97, 91, [59-139] Martin StPaul et al., 2012 [139], Niinemets,

Niinemets, 2002 [36] & [40], Juarez-
I6pez, et al., 2008 [61]

2002 [65] & [72], Juarez-lopez, et al., 2008
[110]

Mediterranean
needleleaf evergreen

56

97

Aleppo pine

No species specific data — use Holm Oak as surrogate

Temperate Crops

Wheat

180 [25-261]

Cf. Biker et al., 2007

400 [87-522]

Cf. Buker et al., 2007

Mediterranean Crops* 48 Clark et al., 2011 [48] 105 (assuming Vcmax and Jmax ratio
is same as Wheat at 2.2)
Maize* 48 Clark et al., 2011 [48] 105 (assuming VVcmax and Jmax ratio is
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same as Wheat at 2.2)

Root Crops 180 [25-261] See wheat 400 [87-522] See wheat
Potato 180 [25-261] See wheat 400 [87-522] See wheat
Vineyards 100 [50-100] Biiker et al., 2007 225 [120-260] Buker et al., 2007
Grapevine 100 [50-100] Buker et al., 2007 225 [120-260] Biker et al., 2007

Grassland/Semi-

48

Clark et al., 2011 [48]

105

(assuming Vcmax and Jmax ratio

natural/Med Scrub

Is same as Wheat at 2.2)

Table 2. Parameterisation of the DO3SE_C model —minimum stomatal conductance (g0, mol H,0 m?s™), the ratio of Vcmax:Jmax (where red denotes a ratio
based on the mean values of Jmax and VCmax found in the literature as in Table 1) and species-specific composite sensitivity of gs to An (m),

Species / cover type g0, Ref Vemax:Jmax | Ref m Ref
Deciduous forest | 0.03 0.03 2
Birch 0.03 Biiker et al., 2 Hayes (2014) Pers. Comm. [1.47], Rey & Jarvis, 1998 [2.19], 8.6 Hayes (2014) Pers.
2007 1.81,1.76 Dreyer, et al., 2001 [1.76] Comm. [8.6]
[1.47-2.19]
Beech 0.03 Biiker et al., 2.05 Bader et al., 2010 [2.73], Low et al., 2007 [1.82], Parelle et al., 2006 | 8.6 Birch value used as
2007 2.11,1.95, [1.96], Dreyer, et al., 2001 [1.94], Balandier et al., 2007 [2.37], surrogate
[1.82-2.37] Fleck, 2001 [1.83]
Temperate oak 0.03 Use Beech 1.98 Marzuoli & Gerosa (2014) Pers. Comm. [1.82], Dreyer et al., 2001 8.6 Birch value used as
value 2,2.7,[1.73- [1.75] & [1.731], Bader et al., 2010 [3.00] surrogate
3.0]
Coniferous Forest 2.4 9.2
Norway spruce 0.03 Use Beech 2.28 Zheng et al., 2002 [2.22], Niinemets, 2002 [2.38] 9.2 Nikolov & Zeller,
value 2.3,2.3, [2.22- 2003 [9.2]
2.38]
Scots pine 0.03 Use Beech 2.52 Niinemets et al., 2001 [2.32], Niinemets, 2002 [2.86], Warren et al., 9.2 Nikolov & Zeller,
value 2.65, 2.40, 2003 [2.11], Jach & Ceulemans, 2000 [2.40], Wang, 1996 [3.84] 2003 [9.2]
[2.11-3.84]
Mediterranean 1.73 8.6
broadleaf
evergreen
Holm Oak 0.03 Use Beech 1.73 Martin StPaul et al., 2012 [1.6], Juarez-lépez, et al., 2008 [1.8] 8.6 Birch value used as
value 1.7,2,[1.6- surrogate
1.8]
Mediterranean 1.73 8.6
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needleleaf

evergreen

Aleppo pine 0.03 Use Beech No species specific data — use Holm Oak as surrogate
value

Temperate Crops | 0.02 Bikeretal.,, | 2.22 Biker et al., 2007 8.12 Buker et al., 2007
2007

Wheat 0.02 Biiker et al., 2.22 Buker et al., 2007 8.12 Biiker et al., 2007
2007

Mediterranean 0.02 See wheat 2.22 Biker et al., 2007 8.12 Buker et al., 2007

Crops*

Maize* 0.02 See wheat 2.22 Buker et al., 2007 8.12 Biiker et al., 2007

Root Crops 0.02 See wheat | 2.22 Buker et al., 2007 8.12 Biker et al., 2007

Potato 0.02 See wheat 2.22 Buker et al., 2007 8.12 Biiker et al., 2007

Vineyards 0.05 See wheat 2.25 Buker et al., 2007 6.14 Buker et al., 2007

Grapevine 0.05 Biiker et al., 2.25 Buker et al., 2007 6.14 Biiker et al., 2007
2007

Grassland/Semi- 0.02 See wheat | 2.22 Buker et al., 2007 8.12 Biker et al., 2007

natural/Med
Scrub
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DO3SE fits into this scheme by providing a sophisticated approach to calculating stomatal fluxes, and
therefore pollutant exchange with the vegetation, in each of the canopy layers. Stomatal conductance is
calculated on a per-layer basis using both general meteorological data and per-layer values resulting
from the dispersal model (e.g. CO, concentration) and other canopy-related effects (e.g. attenuation of
sunlight).

4. Development of the Fortran coding of the ESX-DO3SE model

ESX can be described as a one-dimensional chemical transport model, working on a vertical grid, for a
single land cover type. EMEP also has vertical transport within its larger 3-dimensional scheme, in
addition to the large-scale horizontal grid and for several land covers per grid square. The EMEP model
also uses several nested time intervals, most notably daily, 3-hourly, hourly and 20 minutes. As a
smaller-scale model, ESX is run for every 20-minute interval, and every appropriate land cover, to
solve the localised diffusion and chemical interactions. It is initialised with a starting state from the
EMEP model’s chemical concentrations data for the vertical range that ESX is being run for, and
resulting fluxes are fed back to this data.

30km
EMEP

G00m

* ESX

O

Figure 2. Scheme of the vertical grid spacing in ESX and EMEP

The existing code included much of the diffusion and chemical mechanism models (the latter being re-
used from EMEP). A framework was created within which the various parts of the ESX-DO3SE model
could reside, i.e. the data flow between meteorological inputs, chemical concentrations, the diffusion
model and DO3SE’s stomatal conductance model. An important aspect of this integration was to
establish how to compromise on the design of both DO3SE and ESX to allow ESX’s version of DO3SE
to easily be updated with the most recent DO3SE model developments without re-integration being a
major undertaking each time changes were made to the DO3SE model.

Similar considerations were needed to establish how to write ESX code that could be a standalone
prototype but also be called from EMEP code. This required organising data variables within the
model, grouping them where appropriate to give a coherent picture of flow within the model and
making the code more maintainable. The DO3;SE model needed to be re-designed to allow it to be
called from ESX code without hard-to-debug side-effects and without invoking aspects of the DO3SE
model that were in contradiction to the ESX model. This decoupling of DO3SE methods from each
other and the ESX model allowed improvements in this area to be tested within DO3;SE, ESX and
EMEP with much less effort than before. This work has resulted in the production of a standalone ESX
proof of concept model that could be driven by meteorological data, run a chemical interaction scheme
and solve the diffusion model for vertical transport.
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The integration of the new DO3SE code into the ESX code has ensured that both multiplicative- and
photosynthetic-based stomatal conductance methods to be configured and used by ESX. Code for the
soil moisture part of the DO3SE model was also integrated (for further details of this module see
(Buker et al., 2012). Some additional work was required here to support the modelling of soil water
content within ESX. Since ESX was already using some code duplicated from EMEP, ESX was
converted to a “sub-project” of EMEP’s codebase and a lot of duplication was removed, this allows
easier maintainability and integration with EMEP.

The EMEP model runs several nested time loops, and in the innermost loop, deposition is calculated for
each land use category. As a starting point, we chose this part of the model to call ESX, driving it with
the data available at this stage, and recording the results, without feeding them back into EMEP. This
allows the behaviour of ESX to be analysed without introducing any feedback-driven anomalies.

5. Conclusions

A new parameterisation of the stomatal uptake of ozone that included photosynthesis and zone impacts
was developed and tested. The code was incorporated in ESX. Full details are given in deliverable
D4.3.
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2. A new parameterisation of ozone fluxes
to wet cuticles

1. Modelling water film layers in a multi-layer model

Canopy rain interception and water storage on leaf surfaces are computed in each vegetation
layer using a water balance equation and the concept of maximum storage capacity (Rutter et al.,
1971). The leaf fraction covered with liquid water in vegetation layer j (pwetj) IS then computed from
the corresponding water storage (Ws, kg m of ground area) as:

M
wet,leaf =( hal ) (l)

Wf,max

Where Wimaxj (K9 m? of ground area) denotes the maximum water storage capacity of
vegetation layer j (assumed proportional to leaf area, i.e., Wimaxj = WrmaxLj) and p is a parameter
related to the wettability of the leaf cuticle, ranging from O (full wettability) to 1 (constant thickness).
When condensation occurs Eq. 1 is replaced by pwetj = 1, assuming that dew forms on the entire leaf
surface. Evaporation from wet leaves is weighted by pwetj to account for the actual evaporating surface.
For the purpose of this study and in order to model ozone deposition on wet leaves canopy water
storage Ws; was converted into a water film thickness (lw;) as follows:

_ Wi /Pw
LiDwet,

)

lw,j

Where py, is the water density and L; (m® m™ of ground area) is the leaf area of the j, vegetation
layer (j is used in the following to design the layer number). Finally, for representation purposes only, a
mean canopy-scale water film thickness (l,) was computed as:

2 Lipwetjlw,j
1, = LuPweutug ©)
Y LiDPwet,j

2. Ozone deposition scheme to wet cuticles

Leaf conductance for ozone on wet cuticles was modelled physic-chemically-based: accounting
for ozone solubility in water, its subsequent diffusion into the water film and its adsorption (and
subsequent destruction) on the cuticle itself:

1
Jcut,wet,03j = Ky Py Vior rﬁ] (4a)

where Ky is the Henry constant for ozone in water (1.09 10 mol m™ Pa™® at 25°C), P, (Pa)
denotes atmospheric pressure, Vi (M s™) is the adsorption velocity of the cuticle at the bottom of the
water film and S = Vot hwj / Dosaq, Where Dosqq is the diffusivity of ozone in water (2 10° m*s™ at
25°C).

Ozone destruction during diffusion through the water film was embedded following a similar
approach as in Tuzet et al.(Tuzet et al.) for the diffusion of ozone in the apoplast, geutwet,03j Was then
derived by solving a first-order reaction-diffusion equation in the liquid film, assuming steady state:
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Do3,aq 4j ‘tanh qJ-+BJ-
= KyP, -2 ki 4
gcut,wet,03,] Hta dj qj+BJ--tanh a ( j 5’5 O) ( b)

where d; = (Dosaq/kj) is the diffusive-to-reactive characteristic length scale in the water film,
where k; (s™!) is the first-order reaction rate of ozone in the water film and g; = l,/d;.

In a first hypothesis (H1), we assume that the reaction rate k;j is constant. This corresponds to the
situation where ozone reacts with compounds whose concentrations remain stable, regardless of the
water film thickness (e.g. by evaporating at the same rate as the water film). In a second hypothesis
(H2), we assume that the quantity of reactive compounds is constant on a leaf area basis and thus gets
more concentrated when the leaf dries and the water film gets thinner (e.g. soluble salts deposited at the
leaf surface). In this case, the first-order reaction rate varies with l,,; according to:

kj = Vo/ Iw,j (5)

where Vo = qo ko (M s™) is a parameter proportional to the quantity of reactive compounds on the
leaf surface (go) and their reactivity Ko.

The response of geutwet,03,j 10 lwj Will depend on the values used for Vi and k;j and whether k; is
taken constant (Hi1) or proportional to 1/ly; (H.), as illustrated in Figure 1. When k; is constant,

eutwet,03,j Varies from Vpo at low lyj to \/kjDo3 aq at large I Thus, when Vo > J k;iDo3,aq Geutwet03
decreases with increasing lwj and when Vi, < \/kjDo3 a4 it increases with l,,j. On the other hand, when
a constant quantity of reactive compounds is considered at the leaf surface, geuwet,03j always decreases
with increasing lwj. Even with Vyet = 0, large Qeutwet03j Values can be obtained at low film water
thickness, provided that Vj is large enough.

Finally, the flux of ozone was modulated by the wet fraction of leaves

cut,wet __
F 03 -

Co3a,j
_Zj Pwet,j (gb03j)—1 ) (6)

-1
+(g cut,wet,03,j )
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Figure 1. Normalised ozone water film conductance as a function of water film thickness (lw,j) for a
constant reaction rate kj (H1; left) and variable reaction rate (H2, right). DO3,aq is the molecular
diffusion constant of ozone in water, KH is the Henry constant for ozone (Pa-1), and Pa is the air
pressure (Pa), and VO is a parameter proportional to the quantity of reactive compound at the surface.

The bold lines correspond to Vbot = 7.1 10-3 m s-1 (0.5,/k;Dg3 54, With kj = 103 s-1) while the dotted
lines to Vbot = 2.8 10-2 m s-1 (2,/kjDo3 aq)- VO was set t0 0.25 m s-1.

3. Tests of the new wet deposition scheme

The new ozone deposition scheme was tested against datasets collected in an agricultural field
in Grignon (20 km West of Paris) over three growing seasons. This experimental site was part of the
CarboEurope and NitroEurope European networks and is part of the ICOS European observation
infrastructure. The site was also an intensive flux measurement site in ECLAIRE C1. The site
characteristics and the selected period, from maximum vegetation development to harvest, are given in
Table 1. The ozone deposition scheme was introduced into the MusiCA model for testing purposes
(Ogee et al., 2003). MusiCA is a multi-layer, multi-leaf, soil-vegetation-atmosphere transfer model
computing the exchanges of energy, CO,, water and their stable isotopes in the soil-vegetation-
atmosphere continuum. The model considers several vegetation classes in each layer according to their
light regime (sunlit or shaded), age (days or years depending on the species) and water status (wet or
dry). It is a good process based model for testing the deposition scheme prior to inclusion in ESX.

Table 1. Main characteristics of the experimental site and measurement periods where the wet-cuticle
ozone deposition parameterisation was tested.

Year Crop type Growth Period Senescent Maximum Measurement
period vegetation height height
Wheat days 90-155 days 156-196
2006 ) 0.85m 3m
(Isengrain) (31/3 to 4/6) (5/6 to 15/7)
Wheat days 90-176 days 177-212
2009 ) 0.86m 3.2m
(Premio) (31/3 to 25/6) (26/6 to 31/7)
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Wheat 91to 171 172 to 216
2012 ] 0.75m 3m
(Atlass/Premio) (31/3 to 19/7) (20/6 to 3/8)

Using Vot =0 and a constant reaction rate k (H1), the best agreement between modelled and
observed deposition velocities was found with k = 10° s from April (Figure 2, left panels) to June
(Figure 2, middle panels). However, during senescence, a larger value of k=10°s™ gave a better
agreement (Figure 2, right panels). Interestingly we were also able to match observed and modelled
V.03 With a variable k (hypothesis H,) if V, was set to values that led to similar chemical reaction rates
as in Error! Reference source not found. at mean |, ( (i.e. Vo =0.1m s and 10 m s™ before and during
senescence respectively, see Figure 2). The main differences between the two hypotheses happen at
low mean water film thickness (l,, <0.1 mm), where H, tends to provide modelled V03 values that are
greater than Hy, and usually overestimated compared to the observations (see Figure 2, e.g., on the 18"
or 21% of April or 10™ of June around midnight). As a consequence the comparison of modelled and
versus Vg o3 is slightly better for H; than for Hz, with lower RMSE values (by about 0.1 m s™) as well
as greater 2.

10°

i (a) - (b)
Y
v Hw B

mean k
&l

10?

_ o2 - 1
E

= M _ _

0.0F h

OBS

—— No wet deposition
2— kg,=01ms
— kg,=10 ms’

Apr 2009 May 2009 Jul 2009

Figure 2. Time-series of mean chemical reaction rate (k, top), mean water film thickness (I, middle)
and ozone deposition velocities (Vg,03, low) at three different periods in 2009 (a,b,c). Observed Vo3
(circles). Modelled V403 are shown assuming no deposition on water film (black thin lines) or
assuming deposition on the water film following the Hypothesis H2 (thick lines) with different values
of a chemical compounds quantity in the water film (qo).

4. Conclusions

This increase in Oz deposition was well reproduced by adjusting the reaction rate of ozone in
the water film to values corresponding to the reaction rate with ascorbate in the plant cells. We
therefore hypothesise that during senescence, and especially when the leaves are wet, apoplastic anti-
oxidants leak out to the leaf surface where they can react with ozone. The main limitation of this work
resides in the validation of the water film thickness magnitude and dynamics, which is a sensitive

16 of 21



ECLAIRE Deliverable D4.2

parameter. Efforts should be focused on measuring this term, which is not only essential for modelling
ozone deposition but also other atmospheric reactive compounds. The transfer of compounds from and
to the leaf through the cuticle should also be better characterised, and especially during senescence. Our
hypothesis should also be tested on a range of ecosystems to check whether ozone deposition is
systematically larger on wet senescing vegetation. A question also arises as to whether relatively fresh
plant residues at the soil surface would also enhance ozone deposition and how this will interact with
soil water. Controlled studies measuring ozone deposition to a range of senescing plants and soil
organic matter composition would be desirable to generalize this study.

This module is available in fortran for inclusion into ESX.
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3. A new parameterisation of ozone
deposition to bare soil

1. Estimating the surface relative humidity as a function of the heat fluxes

In the following the soil surface temperature and relative humidity are used. Using the resistance
analogy, it is possible to express the surface temperature (Ts,s) and surface concentration of water
vapour (Yn2osurf) at Zo» (soil roughness height for scalar, i.e under Rp) from sensible (H) and latent heat
(LE) fluxes as:

_H-R.+R)

Tsurf - a
o,

()

X H20surt :E'(Ra+Rszo)+ZHzoa 8

where T, is the air temperature (°C), p is the air density (kg m™), C, is the air specific heat (J kg™ K™),
E is the water vapour flux (kg m? s™) and YH20a IS the air concentration of water (g m™) calculated
from air relative humidity, R, (s m™) is the aerodynamic resistance, Ry (s m™) is the quasi-laminar
boundary layer resistance and Rsii (s m™) is the soil resistance for ozone. R, and R, are calculated
following Garland et al. (Garland) as:

uiz) YWy(z/L)-¥,(z/L)

R.(1)="2 0

(9)

Rb = (BStu*)_l (10)

where k is the von Karman’s constant (0.40), Bs; is the Stanton number (dependent of gas considered),
u is the wind speed (m s%), u« is the friction velocity (m s™) and W and Wy are height integrated
similarity functions which results in the stability correction for heat and momentum respectively.

YH2osurf @llows then to calculate the surface relative humidity (RHsyrr) at zo- using Ty as:

I:)vapsurf
RH suf = 5 = 3 % 100 (11)
Psat (Tsurf )

P ZH 20surf ' R ' (Tsurf + 27315)

vapsurf = M
H20

(12)
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Psat(rsurf)=p-e><p£M”2°'10'L( L . B (13)

R T, +27315 T, +273.15

where Pyapsur 1S the water vapour pressure at zo- (Pa), Psa(Tsurf) the saturation vapour pressure at Tsyr
(Pa), p the atmospheric pressure (Pa), R the universal gaz constant (J mol™ k™), Mo is the molecular
weight of water (g mol™), L is the latent heat of vaporisation of water (J kg™) and Ty is the boiling
temperature of water (°C).

2. A new paramétrisation of O3 deposition velocity to bare soil

The new parameterisation of O3 deposition was derived from experimental data in Grignon
(FR). a barley harvest and consecutive ploughing and sowing of mustard. The second dataset (Period
B) was collected immediately following mustard crushing, ploughing but before maize establishment
and slurry incorporation of 60 kgN ha™on the 16" April, mineral nitrogen application as UAN (Urea
and Ammonium Nitrate) solution on 5™ May of 60 kgN ha™, and until the first maize leaves appeared,
i.e. from 17" April 2008 to 10" May 2008. The third dataset (Period C) corresponded to the period
from 26™ September 2008 to 17" October 2008, immediately following ploughing on 25" September
2008 after maize harvest and until the first leaves of the next crop (wheat) appeared.
During each experimental period, turbulent fluxes of momentum, sensible heat, water vapour, CO, and
ozone were measured by eddy covariance at 3.4 m height. The measuring system included a 3D sonic
anemometer (R3, Gill Inc., UK), an open-path infrared absorption spectrometer for water vapour and
CO; (IRGA 7500, LiCor, USA) and a fast-response O3 chemiluminescent analyser (ATDD, NOAA,
USA).
The empirical relationship found in Figure 6b is well fitted with the general form for soil resistance:

Rsoil - Rsoilmin xe Sur (14)

where Rsoiimin (S m'l) is the soil resistance without water adsorbed at the surface (i.e. at RHgys = 0%) and
a is an empirical coefficient of the exponential function. The values of these two constants are given by
the regression of R VS RHgrs Over the three datasets. The values obtained are Rsgiimin = 21.15 (£ 1.01)
s m™* and « = 0.024 (+ 0.001). In order to see the capacity of this empirical expression for Re; to
represent the measured deposition velocity, a modelled V4 was evaluated by combining equation (1)
and (12).

Time series of measured and modelled Vq4 for the three datasets are shown in Fig. 7. The
comparison shows that the model reproduces the measurements quite well, for both daily and day-to-
day variations, for period A (Fig. 7a) and period C (Fig. 7c). During these two periods, the model
underestimates the measurements by only 4 (£ 3) % and 14 (x 9) % for 2007 and late 2008
respectively. Although the empirical relationship found in Figure 6 worked on all datasets, the
agreement in period B was the poorest (the scatter was the largest for that period; R* = 0.40 for period
B whereas R = 0.65 and 0.57 for periods A and C respectively). In order to understand this
discrepancy, the potential role of reactions between NO and Os is investigated in the following.
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Figure 3. Soil resistance (Rsi1) as a function of (a) air relative humidity (RH) and (b) surface relative
humidity (RHsuf). Black, grey and open symbols are block averaged data from Period A, B and C
respectively. Black, grey and dotted lines are regressions for data from Period A, Period B and Period
C respectively. The range used for block averages is 1%. Only data for u~ > 0.2 m s-1 were used.
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Figure 7. Time series of ozone deposition velocity (Vq) from (a) Period A, (b) Period B and (c) Period

C. Black and grey lines are respectively measured and modelled Vg.

3. Conclusions

A new parameterisation of soil resistance as a function of surface relative humidity is proposed,
introducing a minimal soil resistance and an empirical exponential term. The comparison of measured
and modelled values over the three datasets shows a good agreement when there is no soil NO
emissions. This derivation was obtained over one soil type. Studying the effect of soil properties, as
porosity, organic matter content, acidity, on R IS a prerequisite prior to generalising the results found
here to other soil types and conditions. Additional datasets from the Eclaire experimental sites will
allow generalising this result by providing a range of conditions to tabulate R minand c.
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