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Acronyms and abbreviations

Abbreviation | Description
A land surface model (ORganizing Carbon and Hydrology in
ORCHIDEE- . . .
PEAT Dynamic EcosystEm) including peat processes. Also referred to as
ORCHIDEE in this report to emphasise peatland processes.
JSBACH A land surface model for the terrestrial energy and carbon
exchange. Also referred to as JSBACH-HIMMELI in this report.
HIMMELI A methane production and transport model linked to JSBACH.
DNDC DeNitrification-DeComposition. Also referred to as Wetland-DNDC.
GPP Gross primary production in terms of CO2 uptake of an ecosystem.
NPP Net primary production of an ecosystem in terms of CO2.
Total ecosystem respiration including both CO2 efflux from soil
TER % . L
decomposition and plant maintenance and growth respirations.
NEE Net ecosystem exhange of CO2 equals to TER-GPP.
LAl Leaf area index indicating the ratio between green photosynthesising plant area
to the land area.
EC A micrometeorological method to measure the NEE of an ecosystem.
WTD Water table depth below ground surface - indicates location of water logged soil.
H The sensible heat flux observed with EC in the atmospheric surface layer.
LE The latent heat flux observed with EC in the atmospheric surface layer.
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Disclaimer

Funded by the European Union. Views and opinions expressed are however those of
the author(s) only and do not necessarily reflect those of the European Union or
European Commission. Neither the European Union nor the granting authority can be
held responsible for them.
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Summary of Deliverable

This report describes the state of the process-based ecosystem modeling within the
project aiming at estimating the impact of restoration efforts on European wetland
ecosystems. It covers the current status and future prospects of model development
within the project framework. Specifically in this report we introduce the plan of the
model calibration in the case of each respective model.

To begin, we will outline the goals of our modeling project and how we plan to utilize
the results. Additionally, we will provide an overview of our current findings. We will
also provide detailed information on each model used, including relevant references.

Secondly, we characterise the observation sites for which the model calibrations have
been tested upon most intensively at this stage of the project; we describe the forcing
data processing and, most importantly, we detail the modeling phases required to attain
robust flux results from the models even under a land use and consequent land cover
change.

We show and discuss the results from the first simulations and model calibrations
performed for a selection of peatland sites with existing long term observation data
series. We specify the steps to be taken to create and calibrate modeling set-ups targeted
for larger spatial scale and climate scenario simulations. Finally we describe the path
towards the final modeling outcomes for the WP3. This is the first of the two reports
related to model calibration targeted to support framing the calibration plan. The follow
up report D3.2 will report the results of the model calibration.

Funded by
the European Union 5




Targeted improvements, calibration and
benchmarking of land-surface models

Technical References 2
Document history 2
Acronyms and abbreviations 3

Abbreviation 3

Description 3

Disclaimer 4
Summary of Deliverable 5
1 Introduction7
2 Models 8

WET H=RIZONS

2.1 ORCHIDEE ..ottt e e e ettt e e e e e e e e e e e e e s e e e e e e e e e e annnnees 8
2.2 JSBA CH L. — e e e e — e et e e e e e e b ————aae e e e e e ————raaaeeeaaaanrees 8
2 T 0 1 S EEE 9
2.3.1 Meta-models 9
3 Site simulations 10
B TRt S 1 (= SRR 10
3.2 FOrcing dat@ PrOCESSING ....cciiuiiiiiiie ettt e et e e e 11
3.3 SIMUIAtION PrOtOCOIS ... .eeiiiiiieiee ettt ettt e e sttt e e et e e s e e e naeeas 11
3.3.1 ORCHIDEE parameter optimisation
3.3.2 JSBACH-HIMMELI model calibration
3.3.3 DNDC simulation design 13
3.4 SIMUIGLION FESUILS ...t e e et e e e e e e e e e e e e e e e e ennneees 13
3.41 DNDC 13
3.4.2 DNDC metamodel outputs 14
3.4.3 ORCHIDEE and JSBACH-HIMMELI performance 15
4 Perspectives 21
4.1 ORCHIDEE-PEAT and JSBACH-HIMMELI ..........coiiiiiiiiiie ettt 21
4.2 Wetland-DINDC....... ittt e e e e ettt e e e e e e e e et e e ee e e e e e e eeeeeeaaeeaaanneeneaaaeeaanns 21
5 References 23
Funded by
S the European Union 6



Targeted improvements, calibration and WET H=RIZONS

benchmarking of land-surface models
1 Introduction

The WP3 quantifies the impacts and uncertainties of wetland degradation and restoration on GHG
emissions and ecosystem services, and the carbon balance of European floodplains for the historical past
and the future, by using four state-of-the-art process-oriented mechanistic models. The use the
mechanistic models makes it possible to make future scenarios in changing climate. Mechanistic models
moreover, provide tools to upscale the area of investigation beyond the site scale that the most intensive
observations are able to cover. Modeling is also a tool to bridge the gap between site scale and earth
observation measurements. As models have their different strengths and weaknesses, it is beneficial for
spatial and temporal scaling to have more than one model in order to include model structural
uncertainty

For peatlands and other wetlands, three land surface models described in Section 2.1 are used. This suite
of models is being calibrated against site and catchment data collected in WP1 and 2, and integrated at
site, catchment and European scale using new dynamic wetland areas reconstructed in WP2. The primary
goal is to separate the effects of past and future land use change versus climate change on peatland GHG
balance and water storage, and on floodplain particulate organic carbon storage using a factorial
simulation framework with a common protocol. Namely, the model parameters will be calibrated at the
rewetting sites of the project to evaluate and improve the representation of rewetting processes, as well
as at several other sites to assess their capabilities to represent the dynamics of the water table and GHG
emissions for undisturbed wetlands and drained peatlands. The calibrated models will be used to simulate
EF following drainage and restoration, and the resulting EF will be compared with the database of field
measurements collected in WP2. Then, at each site, long historical simulations starting in year 800 with
undisturbed conditions will be performed to analyse the change in soil carbon and cumulative GHG
budgets forced by reconstructed climate and land use history. Starting from the current non-equilibrium
state, models will then be run in the future with projected daily climate, assuming contrasted land use
trajectories. Finally, the models will be run at project target catchment and European scale with gridded
simulations to examine how drainage, restoration and land use change affecting neighboring vegetation
separately impact the amount of water available to peatlands, variations of water table depth observed in
WP1, the water balance of each catchment and stream flow discharge, the GHG budgets, and the carbon
balance of floodplain soils in response to climate are erosion. Here, future land use projections provided
by the WP5 will be harmonized with past land use maps within WP3 to assess the effect of different land
use policies following European directives. The output of the process-models will be incorporated in the
SERVI-PEAT meta model that will be used as a DSS tool for stakeholders. Selected model output like
nutrient leachate content, water table variability and carbon stocks will be provided to the biodiversity
models run in WP4 and to the overall visualization app in WP1.

This task includes targeted model development e.g., the adjustment of soil carbon decomposition rates,
the inclusion of soil management from the dredging of sediments, mowing and ploughing, and improved
soil hydrology which are relevant to degradation and restoration processes. The calibration of model
parameters will be performed against site-observed water table depth, carbon stocks, nutrient stocks, and
GHG fluxes. The most influential parameters of each model for these target variables will be identified, and
if possible constrained with independent observations, such as soil carbon incubation data, observations
of nutrients in leaching water. The set of parameters that will be found as most sensitive under the
changes of the state of degradation/restoration at each site type will be calibrated either 1) to represent
time slices of development or 2) their dependence on time may be given as response to WTD/nutrient
status or other relevant explaining factors.
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2 Models

In this task, three state-of-the art process-oriented land surface models, already developed to include
specific parameterisations of peatland biogeochemical processes: JSBACH-HIMMELI operated by FMI,
DNDC by James Hutton Institute, and ORCHIDEE PEAT by UVSQ-LSCE, are calibrated for the different
wetland types observed at site level in WP2 prior to and after restoring or degrading land use actions.
Only DNDC resolves carbon-nitrogen interactions in peatlands and simulates N20 emissions. All models
simulate water, carbon and surface energy, CO2 and CH4 fluxes.

2.1 ORCHIDEE

ORCHIDEE is the land surface model component of the IPSL-CM Earth System Model. The version of
ORCHIDEE used in this project, ORCHIDEE-PEAT, is specifically developed to model dynamics of
peatland carbon stocks, carbon fluxes, and its spatial extent (Qiu et al., 2018, 2019). The model
considers peat-specific soil properties, including a high porosity, a large saturated hydraulic
conductivity and low permeability of peat at the soil bottom. In addition, peatland receives surface
runoff from surrounding non-peat areas, and has an above-surface water reservoir up to 10 cm, thus
can maintain a high water table. Vegetations growing on peat are grouped into 5 plant functional types
(PFTs): 2 PFTs for trees (1 for boreal evergreen needleleaf trees and 1 for boreal deciduous
needleleaf trees), 1 PFT for shrubs, 1 PFT for grasses, and 1 PFT for mosses. The distribution of
these PFTs can either be prescribed or dynamically simulated. The model can simulate both the
natural peatland, and the conversion of peatland to cropland (represented by two crop PFTs: 1 for
wheat and 1 for maize) and consequently carbon emissions (Qiu et al. 2021). The accumulation of
peat is simulated as a downward transport of carbon along the model soil layers, with the
decomposition of litter and soil carbon being constrained by soil moisture, soil temperature and depth
of each model layer.

2.2 JSBACH

JSBACH-HIMMELI is a combination of two models, JSBACH, which is a land-surface model, and
HIMMELI, which is a specific model for northern wetland emissions of CH4. HIMMELI (Helsinkl Model
of MEthane buiLd-up and emlission for peatlands) has been developed especially for estimating CH4
production and transport in northern wetlands and simulates both CH4 and CO2 fluxes in wetlands
and can be easily used as a module within different modelling environments (Raivonen et al., 2017,
Susiluoto et al., 2018). HIMMELI is driven with soil temperature, water table depth, the leaf area index
and anoxic respiration. These parameters are provided to HIMMELI from the land surface, JSBACH,
which models hydrology, vegetation and soil carbon input (Reick et al., 2013). CH4 emission and
uptake of mineral soils were calculated following the method by Spahni et al. (2011).

The soil carbon model of JSBACH is YASSO (Goll et al., 2015) where for peatland implementations
the soil carbon storage have been divided into oxic and anoxic fraction according to the water table
depth. In the anoxic soil fraction the peat decomposition of the different chemical composion pools is
slowed down from their oxic decomposition rates (Kleinen et al., 2020).

Typically for natural ecosystems, such as pristine peatlands in this project, we apply JSBACH with
stationary vegetation cover where the annual dynamics are controlled by climatic drivers but the long
term changes of the vegetation cover are not considered. For forest management on forestry drained
peatlands we apply a JSBACH version accounting for forest growth in even aged stand (Nabel at al.,
2020) the forest growth can be terminated with clear-cuts followed by regrowth of the even aged
stand. In the context of clear-cut a fraction of biomass, containing roots, leaves and a fraction of
woody structural parts is directly located to soil carbon storages. An optional management for the
forest stand is logging a percentage of wood while the rest keep on growing as an even aged stand.

[l Funded by 8
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2.3 DNDC

DNDC (DeNitrification-DeComposition) model is a process — based biogeochemical model that
simulates carbon (C) and nitrogen (N) dynamics in forest ecosystems and predicts plant growth and
production, C and N balance as well as generation and emission of greenhouse gases (GHG) (Miehle
et al., 2006). The model encapsulated nitrification-dentrification, photosynthesis and hydrological
balance in forest ecosystem and has been successfully tested to quantify GHG across a broad
spectrum of climate regimes in response to climate and land-use changes (Stang et al. 2000; Zhang et
al. 2002). The wetland version of DNDC, henceforth referred as Wetland-DNDC, adopted in this study,
captures the unique features of a wetland ecosystem, including water table fluctuations, dynamics of
mosses and herbaceous plants as well as soil biogeochemistry under anaerobic conditions. There are
essentially four key components of the Wetland-DNDC model: hydrology, soil thermal dynamics,
growth of mosses and herbaceous plants as well as anaerobic biogeochemistry. While detailed
description of the structural and functional aspects of Wetland-DNDC has already been well
documented (Zhang et al., 2002), a summary has been provided. All the four sub-models work in
sync. For example, vegetation growth and soil carbon dynamics are influenced by soil and
hydrological conditions and plant growth influences different hydrological cycles. Vegetation structure
influences production of CH4 and its movement through plants. The hydrology sub-model divides the
soil into different layers (e.g., organic and mineral soils) and partitions it into two zones: unsaturated
and saturated. Water table dynamics is calculated using a detailed water table budget that involves
upward and downward. movement of water through different soil layers. Temperature of each soll
layer is calculated with the top layer being determined from the daily air temperature (Zheng e al.,
1993). Ground vegetation (Frolking et al., 1996) and woody growth (Aber et al., 1996) was adopted
from well-established process-oriented ecosystem models. Anaerobic processes in the soil, including
various decomposition processes as well as CH4 production and oxidation are determined by the
redox potential (Eh) of the soil layers (Fiedler and Sommer, 2000). A process-based model (Walter
and Heiman, 2000) that simulated CH4 production, oxidation and transport was linked to the overall
vegetation dynamics as well as soil thermal and hydrologic conditions and well as Eh. Wetland-DNDC
separately simulated two important carbon cycles processes: Gross Primary productivity (GPP) and
terrestrial ecosystem respiration (TER). GPP and TER quantified CO2 absorbed and released by the
ecosystem respectively and the net carbon sequestered by the ecosystem, quantified as Net
ecosystem exchange (NEE) was calculated as the difference between GPP and TER. Negative and
positive NEE values represent CO2 absorbed and lost by the ecosystem respectively.

2.3.1 Meta-models

Running Wetland-DNDC can be computationally extensive. As an alternative, meta-models are
“models of models” which are developed by statistically linking inputs and outputs of Wetland-DNDC.
Generally, separate meta-models are developed for each output variable of interest (CH4 emission,
NEE, GPP, TER) whereas the full model generates several outputs. Meta-models can be
advantageous for regional-scale applications as they require less expertise to apply once they are
developed, have lower input data requirements and lower computational effort compared to complex
models (Giltrap and Ausseil, 2016). Different statistical approaches for the design of metamodels
exist, including regression and random forest based meta-models. The applicability and performance
of different statistical meta-modelling techniques depend on the goal of meta-modelling, the form of
relationships included in the full model and the number of full model runs used to construct the meta-
model as different statistical techniques capture different aspects of the input-output relationships
(Asher et al., 2015).
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3 Site simulations
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Figure 1. The sites used for the first model calibrations.

3.1 Sites

By the publication of this report a flux data time-series sufficient for model calibration, was collected
from eight sites (Figure 1).

The sites that have been used to demonstrate the performances of ORCHIDEE-PEAT and JSBACH-
HIMMELI models in what follows, contain two pristine wetland sites in southern (Siikaneva, FI-Sii) and
northern (Lompolojankka, FI-Lom) Finland and one re-wetted agricultural site (Zarnekow, Germany, GE-
Zar). Additionally a forestry drained site (Lettosuo, FI-Let) have been used to design and test a set-up for
sites with drastic land use changes accompanied with profound land cover changes. Moreover,
ORCHIDEE-PEAT has performed model calibrations for German site De-Ank, Czechian site CZ-Wet, Danish
site DK-Skj and Greenland site GL-Nuuk.
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3.2 Forcing data processing

In addition of having sufficient site data series of ecosystem state variables (NEE, GPP, TER, WTD, soil
moisture - Sm, latent heat flux - Le, sensible heat flux - H, etc.), for model validation and calibration it is
necessary to have sufficiently long and compelete time series of climatic forcing fields. WP3 have been
collecting data from project partners and from ecosystem flux data databases (e.g. ICOS) for European
wetland ecosystems. For DE-Zar and FI-Lom, the site PI's have provided complete data series of the
necessary meteorological forcing fields to drive each model. For sites with long gaps in the site
meteorological data we've adopted model forcing fields from CRUJRA data
(http://catalogue.ceda.ac.uk/uuid/863a47a6d8414b6982e1396c69a9efe8) and corrected their biases
with linear regression against existing site data. The data have been processed to six-hourly values for
ORCHIDEE and further to the daily values for JSBACH (daily mean values for other variables except for air
temperature for which daily minimum and maximum is required for JSBACH forcing). CRUJRA based
forcing data have been used for FI-Sii and FI-Lom. For GE-Zar and FI-Lom there are sufficient half hourly
site data available. Thus for FI-Lom there is an option to use either forcing data set.

3.3 Simulation protocols

Careful simulation protocol design is important for having the starting state of the matter and energy
pools of slow time contants in appropriate level. Such pools include for instance the soil moisture and
temperature, the gas concentrations in the soil profile and, in the most slowly developing end, the soil
carbon storages. Typically the carbon storages of land surface models are cumulated up to the equilibrium
where the carbon input from vegetation litter production, on one hand, and the soil carbon
decomposition, on the other hand, are in balance under the climate conditions and CO2 concentration
during the spin-up period. However, in the case of largely water logged soil, where soil carbon
decomposition is considerably slowed down due to anoxic conditions, reaching such an equilibrium is not
typically possible within a realistic timescale (e.g. for northern latitudes ~10000 years after the previous
ice age). Thus the starting level have to be controlled either by setting a spin-up time or the target peat
carbon content (or depth). The third option is to prescribe the pools with the measured amout of peat at
the site but the applicability of prescribed values is dependent on the model design as the processes of
short half lives are sensitive to the initial pool sizes.

In a model design where there are separate pools of differing effective decay constants, the fastest
decaying pools may dictate most of the variability of the heterotrophic respiration and thus in order to
capture both the correct autotrophic respiration mean level and variability, it may suffice to only have
those fastest decaying soil carbon fractions in equilibrium with climate.

Along-term spin-up (Hereafter: phase 1) is often performed with pre-industrial CO2 concentration
followed by a transition period from pre-industrial stage to current day with increasing CO2
concentration and climate forcing when available (phase 2). When there is no forcing data available for
the whole of transition period, the missing years are either substituted by randomising or by cycling the
existing years. In the case of pristine peatland, the final results for model evaluation and calibration can be
adopted from the final state of the second spin-up phase. Depending on model specific features, a similar
two phase run sequence may be applicable for certain land use change cases as well. Moreover, each
model might have some special requirements for their spin-up and thus inclusion of some sub-spin-up-
phases may be necessary for instance in order to get soil moisture and temperature into equilibrium prior
to the phase 1.
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For very drastic land use changes accompanied with land cover change, additional simulation phases are
needed. For instance in the case of rewetting forestry drained peatlands, we aim at having a phases 1 and
2 as in the pristine wetland case followed by the afforested phase 3. Depending on the degree of
restoration in the context of rewetting, the phase 3 is followed by a phase 4 characterised with a stand of
different species distribution or density or both. Thus, in the JSBACH as the there is only one PFT at each
phase preserved for peatlands, the transition from the phase 3 to the phase 4 is accounted for by changing
atree PFT to a treeles wetland PFT possibly, however, preceded by a sub-phase with a tree PFT
characterised with a low LAL. ORCHIDEE-PEAT accounts for the actual PFT fractions at the site.

In what follows in the case of JSBACH and ORCHIDEE, the simulations at two pristine peatland and at one
rewetted peatland comprises the phases 1 and 2. Additionally, set-up desings including also phases 3 and
4 for forestry drained peatlands have been implemented for both models to perform the first simulations
for FI-Let site which, however, does not represent a restored or rewetted case and thus the phase 4, as
described above, is not relevant at the site.

3.3.1 ORCHIDEE parameter optimisation

Up to eight parameters of ORCHIDEE-PEAT were calibrated in ORCHIDAS data-assimilation platform
against observed GPP and NEE at eight wetland sites with variable fractions of the typical wetland
vegetation PFTs and forest (the last being typical especially for drained peatlands) (Table 1). The
chosen parameters target especially to improving the model performance ralated to carbon
assimilation and soil carbon decay.

Table 1. The ORCHIDEE-PEAT calibration sites with their PFT fractions and the resulted improvement
statistics in terms of RMSD.

Site Lat Lon Grass |Shrub |Moss |Fo- |GPP |GPP |Impro- [NEE |NEE |Impro-
rest |prior |post |veme |prior |post |veme
nt nt
FI-Sii 161.833/24.193 |0.26 |01 064 |0 0.679 |0.358 |47.32 |0.502 |0.389 |22.53
% %
Fl-Lom |67.997 |24.209 |0.33 |01 0.57 |0 0.568 [0.418 |26.33 |0.670 |0.507 |24.31
% %
DE-Zrk |53.876(12.889 |1 0 0 0 1.293 |0.649 [49.78 1.003 [0.394 |60.75
% %
CZ-Wet|49.025(14.770 (0.8 0.2 0 0 1.917 [1.137 |40.69 |0.895 |0.766 |14.43
% %
DK-SKj |55.913(8.405 |1 0 0 0 1.610 |1.217 |24.41 |0.710 [0.685 [3.51%
%
DE- 53.866|13.683 |0.5 0.5 0 0 2.631 |1.551 [41.05 [1.272 |1.062 |16.51
Akm % %
GL-Nuf [64.131|-51.386 |0.5 0.2 03 |0 1.012 |0.482 |52.34 |0.783 |0.508 |35.07
% %
UK-Bal |56.920(-3.160 |0.5 0.2 03 |0 1.574 [1.264 |19.70 |0.853 |0.558 |34.62
% %
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3.3.2 JSBACH-HIMMELI model calibration

The JSBACH-HIMMELI was calibrated by adjusting the water table towards the observations whereas
the native model typically produces deeper mean WTD and higher variability than the observations.
The GPP level was corrected by adjusting the LAI to produce the observed yearly mean GPP. So far
JSBACH-HIMMELI simulations where performed for FI-Lom, FI-Sii and Fl-Zar.

For the future in order to calibrate several parameters, especially those related to methane processed,
and several sites together we’ll consider set up a data-assimilation framework. Our options are SCE-
UA (shuffled complex evolution - university of Arizona, see Duan et al., 1994) method and 4DEnVar
(e.g. Pinnington et al., 2020). While the former method would be feasible in calibrating parameters
controlling rather short term model dynamics, the latter would make possible inclusion of slow
processes as well. However, the latter method does not necessarily produce the optimal parameter
values but rather a calibrated set of parameters producing the observed state of the the system. In
addition to setting up the data-assimilation system adopting either method will require some model
structural changes in order to improve the parameter passing.

3.3.3 DNDC simulation design

Preliminary carbon flux simulations from the Wetland-DNDC model from 2014-2020 across GE-Zar have
been summarized. Climate inputs to run Wetland-DNDC include maximum and minimum air temperature
(°C), precipitation (cm) and daily water table depth (WTD). Measurement at the study site provided most
inputs. Model parameters corresponding to site information, forest and soil types, ground vegetation
biomass and soil properties (e.g., bulk density, clay content, and porosity) were either determined from
literature studies or the default values within Wetland-DNDC were incorporated.

We have developed meta-model using the data from Norway (south of Arctic circle) initially as this data is
comprehensive. Model simulations were carried out on a broad range of internal DNDC parameters and
climate metrics that were representative of Norwegian conditions. 5000 simulations were conducted over
a 23-year time period (1988-2010), with 3000 and 2000 simulations set for meta-model calibration and
validation respectively. Cross-validation technique was adopted to minimize the risk of meta-model
overfitting.

3.4 Simulation results

In the following Wetland-DNDC is presented separately whereas ORCHIDEE-PEAT and JSBACH-HIMMELI
are presented and discussed together.

3.4.1 DNDC
The daily time series of Wetland-DNDC derived simulated NEE across 2014-2020 followed the temporal
trend of measured NEE time series (Fig. 2). However, the former overestimated the latter, with the
Wetland-DNDC also failing to simulate the variability in winter respiration (Fig 3). Furthermore, the
overall Wetland-DNDC derived TER estimates considerably underestimated the measured ecosystem
respiration by an order of two (Fig 3). Various aspects of data quality across the GE-Zar site have been
highlighted. For example, original gross primary productivity (GPP) across GE-Zar is negative during
nighttime, which is theoretically implausible.
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Figure 2: Time series of observed and Wetland-DNDC simulated net ecosystem exchange (NEE) at daily

resolution across 7 years (2014-2020) across the peatland study site, GE-Zar.
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Figure 3: Time series of observed and Wetland-DNDC simulated terrestrial ecosystem respiration (ER) at
daily resolution across 7 years (2014-2020) across the peatland study site, GE-Zar.

3.4.2 DNDC metamodel outputs

Results indicate that in case of CH4 fluxes, there was good agreement between regression (Fig. 4A) and
random forest (Fig. 4B) based values against DNDC-based estimate as demonstrated by high values of R2
(> 0.75, Coefficient of determination) for both calibrated and validation datasets. However, in case of N20
fluxes, only the random forest algorithm provided a strong model fit (Fig. 4D) against the DNDC-derived
estimate while the model fit (R2 <= 0.1) for the regression-based model was poor (Fig. 4C).
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Moving forward, the meta-model framework established for Norway will be applied concurrently across
different European sites where the Wetland-DNDC model will be tested. Simulations will be carried out on
a broad range of internal Wetland-DNDC model parameters and climatic time series representing various
European conditions. For various stake holders this analysis is critical as the meta-model outputs will be
evaluated against Wetland-DNDC simulations to evaluate whether the computationally-less intensive
stochastic approach can be utilized for regional-scale greenhouse emission across Europe.
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Figure 4: Relationships between DNDC model results and meta-model results for CH4 (top row: a)
regression based and b) random forest based meta-model) and for N20 (bottom row: c) regression based
and d) random forest based meta-model

3.4.3 ORCHIDEE and JSBACH-HIMMELI performance

The ORCHIDEE calibration statistics show (Table 1) that calibration generally led to considerable
improvement of the model preformance. However, many of the dataseries are relatively short and
reference data limited. Here we demonstrate the calibrated model performance by showing the
correlation coefficients (Table 2) between the models and the observations. The variables chosen for
model performance demonstration are TER, GPP, NEE, LE, H, WTD and methane flux for JSBACH-
HIMMELIL.
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Additionally, we show scatter plots to better inspect the model agreement and, additionally, in order
gain visual impression of the general model-observation agreement we show some time-series figures
that may better indicate the characteristics of some model mishaps or the anomalies at the site data,
that may be difficult for models to capture.

Table 2. JSBACH-HIMMELI (JSB) and ORCHIDEE (ORC) Pearson correlation coefficients with
observations at the DE-Zar, FI-Sii and FI-Lom sites.

TER GPP NEE LE H WTD
Obs.vs JSB ORC JSB ORC JSB ORC JSB ORC JSB ORC JSB ORC
DE-Zar 0.93 0.87 0.85 0.86 0.42 0.50 0.450.71 0.67 0.63 0.64 0.37
FI-Sii - - 0.96 0.95 0.84 0.83 0.63 0.73 0.78 0.055 0.81 0.88
Fl-Lom 0.92 0.89 0.91 0.92 0.73 0.77 - - - - 0.57 0.25

In all the sites the observed NEE shows similar correlations (Table2) between both models
ORCHIDEE performing slightly better in FI-Lom and DE-Zar. At DE-Zar, however, the correlations are
worse than at the other sites even thought TER and GPP are relatively good at both.
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Figure 5. Scatter plots of modeled a) TER, b) GPP and c) NEE at DE-Zar against observations
together with the linear best fits to the data.

The scatter plots with the linear fit equations (Fig. 5 a-c) show that both models underestimate the
TER, whereas GPP in underestimated in ORCHIDEE-PEAT and overestimated in JSBACH-HIMMELI
and consequently this leads to a considerable overestimation of the absolute NEE in JSBACH-
HIMMELI while ORCHIDEE-PEAT underestimates the absolute NEE.

NEE timeseries (Fig. 6) show that the timing of maximum CO2 uptake of the ecosystem is quite well
captured by both models regardles of the obvious deviations between the models and the
observations. The observation time series shows that there is high variability in autumn of 2016 that
the models cannot fully capture. Moreover, the timeseries shows that the relative variability of the
measurements is generally higher than that of ORCHIDEE-PEAT but the the same relative magnitude
as that of JSBACH.
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Figure 6. Observed NEE (obs) at DE-Zar with JSBACH-HIMMELI (jsb), ORCHIDEE-PEAT (orc).
At DE-Zar the heat fluxes correlate quite good (Table 2.) except for the LE in the JSBACH-HIMMELI

case. However, the scatter plots (Fig. 7) reveal an overestimation of JSBACH sensible heat flux and a
severe underestimation of latent heat flux.
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Figure 7. The scatter plots and the best fits of heat flux components in DE-Zar site. Sensible heat flux
(H) and latent hear flux (LE), in subplots a) and b), respectively.

The underestimation of LE by JSBACH is probably largely because of the low predicted modeled WTD
(Fig. 8). The WTD at DE-Zar is difficult to capture by both models as it is mostly located well above the
reference soil surface. WTD correlates quite good with observationd in JSBACH-HIMMELI, while
ORCHIDEE-PEAT shows worse correcation (Table 2).

At the pristine sites FI-Lom and FI-Sii the model correlations with the observations are generally good
except for the WTD at FI-Lom which is another site with a water level well above the soil reference
surface level for most of the time (Fig. 9). The agreements of the GPP are very good at Fl-Lom both in
terms of yearly amplitudes and seasonalities (not shown). However, as the level of TER in JSBACH-
HIMMELI case is somewhat underestimated (not shown), the NEE timeseries (Fig 10.) shows quite
some overestimation in the uptake of the high season and underestimation of the emissions in the
shoulder seasons.
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Figure 8. Observed and modeled WTDs at DE-Zar site.
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Figure 9. Observed and modeled WTDs at Fl-Lom site.
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Figure 10. Observed NEE (obs) at Fl-Lom with JSBACH-HIMMELI (jsb), ORCHIDEE-PEAT (orc).

At FI-Sii the agreements of GPP are best of the three sites in the light of best fits as well, with
JSBACH-HIMMELI showing some underestimation and ORCHIDEE-PEAT showing a slight
overestimation (Fig. 11a). Best fits at FI-Sii (Fig. 11b) show, that the absolute values of NEE are
somewhat underestimated by both models.
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Figure 11. Scatter plots and the respective best fits between the observed and modeled a) GPP and
b) NEE at FI-Sii site.

JSBACH-HIMMELI CH4 fluxes at FI-Sii (Fig 12.) shows that the model captures the level and
variability on the observed summer season emissions. The deviations from the observed mostly take
place during the periods of low WTD that the model cannot capture (not shown). The correlation
between the model and the observations is 0.53.
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Figure 12. Observed CH4 flux (obs) at FI-Sii with JSBACH-HIMMELI (jsb) simulation.

The Fl-Lom methane flux comparison in turn, regardles of its quite high correlation of 0.77 shows
considereble underestimation of the flux simulated with JSBACH-HIMMELI (Fig.13). This deviation
would likely to be improved by offsetting the too deep WTD to a higher level. However, the higher
mean WTD level (Fig. 9) will futher reduce TER that for FI-Lom is too low already.
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Figure 13. Observed CH4 flux (obs) at FI-Lom with JSBACH-HIMMELI (jsb) simulation.
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4 Perspectives

JSBACH-HIMMELI and ORCHIDEE-PEAT share quite some similarities in terms of modeling approaches
their perspective discussed here together. WetlandDNDC perspectives are given in a separate chapter.

4.1 ORCHIDEE-PEAT and JSBACH-HIMMELI

The preliminary calibration results indicate that for individual sites, the models are skillful in
reproducing the variability of flux variables in terms of time correlation. The three pristine and re-
wetted site simulations indicate that the GPPs are best simulated in FI-Sii where the WTD does not
predominantly reside above the soil surface whereas at the sites characterized by nearly consistently
water logged soil profiles, even the most robust ecosystem flux counterpart — GPP - is more difficult to
capture. TER, in addition to responding the changes in the climatic forcings, reflects the state of the
accumulated soil carbon storages. The former connection is seen in correlation coefficients while the
latter sets the general rate of the soil heterotrophic respiration that dominates TER over the
autotrophic fraction due to vegetation growth and maintenance.

The methane flux in JSBACH-HIMMELI is dependent on the anoxic respiration whose fraction of the
total respiration is regulated by the WTD. Moreover, HIMMELI has methane production, consumption
and transport related parameters that set the final level for CH4 fluxes. By further adjusting the
parameters it is possible to get the annual CH4 balances to the observed levels.

Heat flux terms LE and H imply the partitioning of the incoming solar energy to the energy fluxes
carried by turbulence and are measured with EC. H is typically better captured by the models but LE is
often even heavily underestimated. To futher inspect the reasons for the underestimation especially in
the JSBACH case, the remaining energy balance terms (albedo, surface long wave radiation, the heat
flux to the soil) have to be included into the comparison. In the case of water logged sites there might
even be some lateral flow of energy that compromises the energy balance base approach and are
beyond the capabilities of the models.

There are two different upscaling goals involved in the modeling work of the WP3 - regional and
temporal — that will be combined in the final outcome. For such a general model framework that will
cover the target catchments and the Europe, while simultaneously representing future land-use
changes together with changing climate, we need to find means for reducing the the variability
parameter values and keeping them as global as possibly. Eventually, limiting the peatland and
wetland ecosystems just few groups is an obvious way to limit the range of parameter values in order
to keep the upscaling simulations doable. Moreover, when several sites are grouped together, it is
easier to split the data into calibration and validation datasets.

The calibration done by using both the site data and the biascorrected CRUJRA re-analysis data for
model forcing, will give guidance about the generality of the parameters different climate forcing data
sources are applied. We inspect also the applicability of CERRA data
(https://confluence.ecmwf.int/display/CKB/CERRA-Land+surface+reanalysis%3A+Data+User+Guide)
for model forcing.

The directions for appropriate wetland type grouping we gain by first calibrating the models for
individual sites and recognising similarities among the attained parameter sets, on the one hand, and
from the expert knowledge from the other project WPs.

4.2 Wetland-DNDC

A process-based biogeochemical model, Wetland-DNDC, was used to simulate carbon cycle dynamics
across a rewetted nutrient rich fen (minerotrophic peatland) located in the Peene river valley in Germany.
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The model was simulated at daily resolution across 7 years (2014-2020) with local climate, vegetation
and soil conditions acting as external forcings. Three carbon cycle components, primarily, gross primary
production, terrestrial ecosystem respiration, and net ecosystem exchange were simulated and validated
against the corresponding measured fluxes. While the model’s NEE temporal trend matched field
measurements, there was considerable mismatch about the model’s ability to simulate winter respiration.
The model considerably underestimated ecosystem respiration. Certain data quality issues have been
flagged, especially about gross primary productivity, including negative GPP at nighttime. Apart from
improved emphasis on various aspects of data quality issues about observed carbon fluxes from various
sites, future work will also involve improved model parameterization of Wetland-DNDC to successfully
simulate carbon fluxes across various wetlands in Europe. To improve computational efficiency of running
Wetland-DNDC, a meta-model framework of DNDC was developed. The meta-model accurately simulated
methane across a field site in Norway, indicating its potential as an alternative low computational
stochastic approach for regional scale greenhouse accounting across various sites in Europe. The meta-
model will be concurrently run to investigate its effectiveness in regional scale greenhouse accounting.

To conclude the next steps to be taken towards model frameworks applicable for regional climate and
land use change scenario simulations are as follows:

-We will select the parameters most relevant for the processes controlling carbon and energy balances.

-We further work on site specific calibrations to gain knowledge on the model skills and weaknesses and
on the parameter variability.

-Based on the model site calibration results and the expert knowledge we group the sites into a limited
number of functional and management groups.

-We determine group specific parameters suited for the upscaling model set-ups.
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