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ECLAIRE Deliverable 14.3

1. Executive Summary

In WP14 an ensemble of land surface models are used to simulate various scenarios of
climate change, air quality (exposure to Oz and CO;) and deposition of nutrients on plant
productivity and nutrient cycling of forests and semi-natural systems. The specific objective of
deliverable 14.3 is to describe the evaluation of model outputs using a database on plant
productivity based on direct observations of the land-atmosphere CO, exchange. As a
reference dataset the MPI-MTE gridded product by Jung et al. (2011) was used. This data
product is based on the statistical upscaling of site-level ecosystem fluxes observed across
the FLUXNET network to generate global fields of carbon fluxes at a 0.5° spatial resolution
and at monthly temporal resolution from 1982 to 2011. Model simulations have been carried
out over Europe using as meteorological forcing hourly, non-bias corrected air temperature,
precipitation, wind speed, specific humidity, atmospheric pressure and short wave incoming
radiation from the simulations of the RCA3 regional climate model forced by the ECHAM5
global climate model for the scenario A1B. The hourly O3 concentrations at 45 m height and
monthly nitrogen depositions have been obtained using the European Monitoring and
Evaluation Programme model (EMEP) model. The European maps of gross primary
productivity (GPP) as predicted by four different DGVMs show that the spatial pattern of GPP
is rather different both between models and observations and across models. These
discrepancies are due to the structural model diversity and to the inherent complexity in
modelling the impacts of land management on C fluxes, both in forest and agricultural
systems. In addition, the use of non bias-corrected climate data to force simulations may have
further reduced the match between DGVMs and observations. Despite the variability in the
spatial pattern and in the frequency distribution of GPP, we are confident that statistics based
on relative changes between contrasting scenarios will be meaningful and comparable for all
DGVMs.

20f 13



ECLAIRE Deliverable 14.3

2. Objectives:

The main objective of Task 14.2 is the development and application of land surface models to
the European domain to assess the joined impacts of climate and air quality on plant
productivity. In particular, an ensemble of models simulate various scenarios of climate
change, air quality change (exposure to Oz, PM and CO,) and deposition of nutrients (N, S, P,
base cations) on plant production/carbon sink strength and nutrient cycling of forests and
semi-natural systems), using integrated DGVMs and DSVMs.

The specific objective of deliverable 14.3 is to describe the validation and evaluation of model
outputs using databases on plant productivity based on direct observations of the land-
atmosphere CO, exchange.

3. Activities:

Four DGVMs (OCN, JULES, LPJ and CLM) have been upgraded specifically for the ECLAIRE
project to account for the combined effect of Oz and nitrogen (N) deposition on plant
photosynthesis and transpiration in combination with climate change and CO. fertilization.

Model outputs of gross primary productivity (GPP) have been evaluated against an
observation-driven product. As a reference dataset we adopted the MPI-MTE gridded product
by Jung et al. (2011). This data product is based on the statistical upscaling of site-level
ecosystem fluxes observed across the FLUXNET network. The upscaling is based on
observations of the combination of ecosystem fluxes, climate and Fraction of Absorbed
Photosynthetically Active Radiation (FaPAR) with a machine learning algorithm (MTE) to
generate global flux fields, among others of GPP, at a 0.5x0.5 degree spatial resolution and a
monthly temporal resolution from 1982 to 2011.

To evaluate model outputs, monthly estimates of GPP have been averaged over the thirty
years of the observational dataset (1982-2011) and compared on the same grid the MPI-MTE
product.

4. Results:
4.1. Model setup

COMMUNITY LAND MODEL (CLM)

All simulations conducted in this study are performed with the Community Land Model version
4 (CLM4, www.cesm.ucar.edu/models/cesm1.0/cim/), the land component used in the
Community Earth System Model (CESM) (Collins et al. 2006). The CLM4 model is based on
several components: bio-geophysics and biogeochemistry processes, hydrological cycle and
dynamic vegetation. The analysis has been carried out with the C-N biogeochemical active
model (hereafter CLM4CN) (Thornton et al. 2007; Randerson et al. 2009. It is prognostic with
respect to carbon and nitrogen state variables in vegetation, litter and soil organic matter; leaf
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and stem area index and vegetation heights are also determined prognostically. The potential
gross primary production (GPP) is calculated from leaf photosynthetic rate without N
constraint. The N required achieving this potential GPP is diagnosed, and the actual GPP is
decreased for nitrogen limitation. Plant physiology is simulated using the coupled Farquhar
photosynthesis and Ball-Berry stomatal conductance model. To include the impact of O3
exposure in the analysis, the CLM4CN has been implemented with the O3 parameterization
developed by Lombardozzi et al. (2012a), which modifies the original photosynthesis and
stomatal conductance models. More information about the development of the Osj;
parameterization in the CLM4 model can be found in Lombardozzi et al. (2012b) and
Lombardozzi et al. (2013). A detailed description of the parameterizations and the schemes
used in CLM4CN can be found in Lawrence et al. (2011) and additional documentation of the
structure and algorithms used in CLM4CN can be found in the CLM4.0 Technical Description
(www.cesm.ucar.edu/models/cesm1.0/clm/CLM4_Tech_Note.pdf; Oleson et al. 2010).

Initial conditions for the simulations are calculated as described in the CLM user guide
(http://www.cesm.ucar.edu/models/cesm1.0/cim/models/Ind/cim/doc/UsersGuide/c9218.html).
To reach the steady state of the simulated carbon pools, first the model is run for 600
simulation years starting from arbitrary initial conditions using the “accelerated decomposition
spin-up” mode and the model forcing released with CESM. To find this initial stage, it is
integrated with atmospheric boundary conditions defined by a repeating 30-year hourly
climate forcing (from 1960-1969 of the RCM used), and fixed, pre-industrial (1901)
atmospheric CO,, nitrogen deposition and O3 concentrations.

OCN

Simulations were conducted with the terrestrial biosphere model O-CN (Zaehle and Friend
2010), an extension of the land surface scheme ORCHIDEE by Krinner et al. 2005. O-CN
simulates the terrestrial energy, water, carbon, and nitrogen budgets of discrete grid cells
(here 0.5° x 0.5°) which are occupied by up to 12 plant functional types (PFTs). In the O-CN
model leaf-level photosynthesis directly depends on the plants leaf nitrogen status, based on
the work of Friend and Kiang 2005, which is then integrated to canopy-scale carbon and
water fluxes. O-CN was extended to account for ozone damage to net photosynthesis. Ozone
deposition from the free atmosphere to leaf-level is calculated by an ozone deposition
scheme that resembles the European Monitoring and Evaluation Programme (EMEP) model
(Simpson et al. 2012). Leaf-level ozone concentrations are used to calculate ozone uptake
into the plants and the resulting damage to net photosynthesis. Ozone damage to net
photosynthesis is estimated by applying the damage relationship by Wittig et al. 2007.

LPJ

Simulations were done with the dynamic global vegetation modelling framework LPJ-GUESS.
Plant dynamics are modelled using plant functional types (PFTs) that represent the globally
most abundant trees and grasses. Plant distribution is modelled using differences between
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PFTs in bioclimatic limits and strategies in the competition over resources e.g. water and light
(Smith et al., 2014;Ahlstréom et al., 2012;Sitch et al., 2003). The model is here applied in
cohort mode (with 'patch’ vegetation dynamics). In this case, formulations for establishment
and mortality, growth, and light and water competition between neighbouring plant individuals
within a patch, are taken into account more explicitly. In the latter case, PFT sub-groups or
even individual species can be defined in terms of resource use syndromes (e.g., their shade
tolerance; (Koca et al., 2006;Hickler et al., 2004;Smith et al., 2001). The area of a single
patch is approximately equal to the area of influence of one large individual. Because
demography and community structure in a particular patch is influenced by stochastic
processes, the model output is the average over a number of replicate patches. The
physiological process descriptions in LPJ-GUESS; for instance, the coupling of
photosynthesis and stomatal conductance, plant and ecosystem carbon and water balance,
litter decomposition and soil processes, are identical to those used in LPJ-DGVM (Sitch et al.,
2003), including improvements in the hydrology presented by Gerten et al. (2004), and
recently updated with a coupled carbon-nitrogen cycle (Smith et al., 2014;Warlind et al.,
2014).

The model uses climate, atmospheric CO2 concentration, soil information and N deposition
as input, and plant communities evolve dynamically through competition in response to these
drivers. Soil C and N dynamics are based on the CENTURY model (Parton et al., 1998) and
updated daily using 8 pools that differ in their C to N ratios (C:N) and decay rates (Ky). Both
C:N and Kq4 are dynamic within certain limits. The decomposition of organic material depends
on the C:N, Kq as well as soil temperature and water content, and results in heterotrophic
respiration, transport of organic material between the soil compartments and either a
mobilization or immobilization of mineral N in the soil pools. Plant N uptake varies between
PFTs which differ in their N demand and their competitive strength for N uptake.

Allocation of the Net Primary Productivity (NPP) to different plant organs is done on a yearly
basis based on a set of C allocation rules. If a plant experience water or N stress during the
year, the C allocation scheme is flexibly adjusted so that relatively more of the assimilates are
distributed for roots growth to alleviate these stresses during the following year.

JULES

The Joint UK Land Environment Simulator (JULES) is the land surface model of the Hadley
Centre model. It is a process-based model that represents exchanges of carbon (Clark et al
2011), water an momentum between vegetation and the atmosphere (Best et al. 2011). The
model represents vegetation at a gridbox using five functional types (broad and needleleaf
trees, C3 (temperate) and C4 (tropical grasses) and shrubs. The surface CO2 fluxes
associated with photosynthesis and respiration are estimated in the physiology component of
JULES. This includes a multi-layer canopy scheme for light interception, accounting for
sunfleck penetration (Mercado et al 2009), a coupled scheme of leaf photosynthesis and
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stomatal conductance, representation of plant and soil respiration (N and T dependent) and
representation of the effects of ozone on leaf physiology using a flux gradient approach (Sitch
et al, 2007). For Eclaire, an update on the parameterization of O3 effects on photosynthesis
from Sitch et al (2007) is included using observed dose-response relationships (CLRTAP
Mapping Manual (2004), Karlsson et al., (2007)) but also the existing stomatal closure
formulation in JULES has been replaced by the formulation from Medlyn et al (2011) which
allows easy incorporation of data derived stomatal conductance (Gs) model parameters. Gs
model parameters were derived from leaf level data from European ecosystems. Leaf
phenology (bud-burst and leaf drop) is represented with using temperature-dependent leaf
turnover rates and litterfall from vegetation flows into a model of soil carbon that determines
the rate of microbial soil respiration and the consequent flux of CO2 back to the atmosphere.
A four pool soil model is available with choices between alternative descriptions of the
response of heterotrophic respiration to soil temperature. Accumulated net primary
productivity is used for plant growth and vegetation spread. The vegetation model includes
competition among plant functional types (Cox et al 2001). Input of the model consists of
subdaily meterological driving data atmospheric CO2 and O3 concentrations, ancillary
information on soil texture.

4.2 Forcing data and simulation protocol

Model simulations have been carried out over Europe at a spatial resolution of 0.5 x 0.5
degree (Gaussian grid) and at time steps varying with the model (from hourly to daily),
considering a fixed cover fraction for the year 2000. As meteorological forcing, hourly non-
bias corrected air temperature, precipitation; wind speed, specific humidity, atmospheric
pressure and short wave incoming radiation are used. The data come from the simulations of
the RCA3 regional climate model (RCM) forced by the ECHAMS5 global climate model
(Kjellstrom et al., 2011) provided by the Rossby Centre of Swedish Meteorological and
Hydrological Institute. As chemical drivers, the series of atmospheric CO, concentrations is
based on measures for the period 1900 to 2005 (Etheridge et al., 1996; Keeling and Whorf
2006) and on CO2 predictions (A1B scenario) for 2005-2050. The hourly O3 concentrations at
45 m height and monthly nitrogen depositions have been obtained using the European
Monitoring and Evaluation Programme model (EMEP) model. As an example the results of
the EMEP simulated N deposition, used in the model simulations, is presented in Figure 1.
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Figure 1: Simulated geographical patterns in N deposition over the period 1900-2050 as used in the model
scenario evaluations.

4.3 Validation with observational dataset

Figure 2 shows the European map of GPP as predicted by the four different DGVMs together
with the product developed by Jung et al (2011) based on the up-scaling of FLUXNET 0.5x0.5
degree of spatial resolution. Results show that the spatial pattern of GPP is rather different
both between models and observations and across models. These discrepancies are due to
the structural model diversity and to the inherent complexity in modelling the impacts of land
management on C fluxes both in forest and agricultural systems. In addition, the use of non
bias-corrected climate data to force simulations may have reduced the performances of
DGVMs.
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Figure 2: Comparison of the model performance with the observations. Mean annual GPP between 1982 and
2011 in (KgC * m™ * yr'h)

The scatterplots of the mean annual GPP in the European domain between the data-driven
products and the model prediction are reported in Figure 3. The spatial correlation between
model and observation is stronger (OCN and JULES) than for others (CLM and LPJ), while
the large variability in the correlation between models is the results of the independent
development and parameterization of the different modelling platform. Despite the large
variability in the spatial pattern and in the frequency distribution of results (Fig. 4) we are
confident that statistics based on relative changes between contrasting scenarios will be
meaningful for all DGVMs.
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Normalized Scatterplot of the mean GPP from 1982-2011 over Europe
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Figure 3: Correlations of the mean GPP 1982-2011 for each model and for the observations over Europe
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. Milestones achieved:

Milestone Milestone Title Month
ECLAIRE modelling platform linking DGVMs, DSVMs, climate

MS62 . " : 24
and air pollution fields operational
Database with ensemble runs of DGVM on common climate

MS63 and air pollution scenarios released, improved understanding 36

of where models provide robust projections and where largest
uncertainties lie.

MS62: The upgraded DGVMs, i.e. LPJ-Guess, JULES, CLM and O-CN and VSD+-EUgrow
have been linked to relevant climate scenario data, that have become available both and with
scenarios for N deposition and O3 exposure derived by the EMEP model (see WP6).

MS63: The database of DGVMs outputs related to the modelling experiments in WP14 is
completed. The four mandatory scenarios (S1-S4) are now available in a common file format
(monthly data, netcdf files) to perform ensemble statistics of the combined impacts of air
pollutants on the C budget of terrestrial ecosystems and to assess the structural model
uncertainty.

. Deviations and reasons:

Delay in D14.3

Deliverable 14.3 was completed with a delay of about six months. The main reason was a
delay in the further development of the models including the combined interaction of both N
and ozone deposition that appeared to be more demanding than originally foreseen.

JULES development

The JULES modeling group used an improved stomatal conductance model and respective
parameterization derived from observations from Europe. At present the group has been
unable to run simulations with a fully coupled N cycle. This is because the soil N model
(ECOSSE) and the vegetation N model (FUN) have led to conceptual issues when coupling
the models into JULES, e.g. FUN has an annual time step and calculates N retranslation and
its cost on an annual basis, whereas JULES works on a sub-diurnal time resolution; this is
particularly difficult to solve for temperate deciduous vegetation with distinct periods of leaf-on
and -off. Coupling these models and then testing and evaluating has taken a lot more time
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and people's resource than initially planned, especially as this N -cycle development was not
funded through ECLAIRE.

. Publications:

None
. Meetings:

ECLAIRE plenary meetings.

. List of Documents/Annexes:

None.
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