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SUMMARY IN SWEDISH 

Nuförtiden finns ett stort bekymmer för växhuseffekten. Det finns relativ god 
kunskap om kolet kretslopp och dess betydelse för växthuseffekten men för kvävet är 
osäkerheten i kunskaperna större. NitroEurope är ett stort projekt som integrerar 
forskning angående kväves cykel. Våtmarkerna som beskrivs här tillhör försöksytor av 
gruppen ”Super-sites”, vilket innebär att det finns en mycket mätdata tillgänglig för att 
kunna för att modellera och förstå hur växthusgaserna regleras av olika processer från 
dessa ytor. 

En våtmark ligger i närheten av Edinburgh (Skotland), och den andra ligger i norra 
Finland. Den viktigaste särskiljande faktorn mellan dessa är att våtmarken i Finland är 
snön och den långa vintern. Den andra är inte så enkel, och den har koppling till 
grundvatten, regn eller biologiska processer. Marken har bildats under liknande 
förhållanden och kan benämnas som torv. 

För att kalibrera en processorienterad modell har en metod som förkortats som 
GLUE använts. Modellen har beräknat många variabler som beskriver fysikaliska 
förhållanden och kolet kretslopp och förutom detta mängden N2O mängden. 

Nyckelord: Växhuseffekten, kväve, Nitroeurope, torv, våtmark, GLUE, snöfall, 
grundvatten, CoupModel 
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ABSTRACT 

There is an extended concern for how to quantify the fluxes of greenhouse gasses 
(GHG) and how they are related to climate change and land use.  Efforts have already 
been done, mostly regarding carbon (C) compounds, but there is still much to be done 
especially to understand regulating factors and interactions with the Nitrogen cycle. 

NitroEurope is a large project for the integrated European research into the N cycle. 
This study shares its aim, to improve the understanding the physics involved in the 
fluxes of the reactive N (Nr). More specifically, the patterns of some physical and 
biological processes related to Nr have been studied for two wetlands, one in the 
proximity of Edinburgh and the other in the North of Finland. flush 

A common model setup has been used for both of them, since they are both peat 
soils. The differences applied to achieve appropriate performances give insights of 
their nature. The presence of snow is a major factor that governs the behavior of the 
site in Finland. The scaling of existing models for the estimation of heat transfer in the 
soil of the Scottish site is also critical, such as its groundwater level. The sites 
represent different climatic conditions, but for CO2 fluxes they showed similar 
behavior and response to governing meteorological conditions. 

Using the GLUE method in combination with a process oriented ecosystem model, 
some further insights have been gained for the regulation and control of green house 
gas emissions from the two sites. 

Keywords: Greenhouse effect, Nitrogen, NitroEurope, peatlands, wetlands, 
GLUE, snow dynamics, groundwater level, CoupModel 

INTRODUCTION 

The increasing rise of the production of reactive N (Nr) in the last two 
centuries   has many implications for changes of the environment and in 
the long run also the human health. A steady increase rate of ca 1.41 Tg 
N y-1  have  estimated based on trapped air from ice cores and glaziers 
(Skiba, et al., 2009).  

Due to their rich store of carbon and nitrogen, peat lands are an 
important potential source of greenhouse gases (GHG) in waterlogged 
conditions. For example, in the Scottish wetland here analyzed, estimated 
net annual emissions for CH4 and N2O are 1.06 kg ha-1 and 0.02 kg y-1 
respectively (Dinsmore, Skiba, Billett, Rees, & Drewer, 2009). 
Furthermore, the 30% of the total soil carbon is estimated to be stored 
in the boreal and subarctic peatlands, even though they only represent 
the 0.02% of the global land surface area (Gorham, 1991). 

Skiba et al. (2009) introduce the NitroEurope project as a comparison 
with the CarboEurope IP project. The latter includes high-resolution 
flux measurements for net CO2 exchange. For the former, this dense 
network is not technically feasible for all the Nr compounds nowadays. 
Therefore, an appropriate flux measurement strategy is followed with the 
aim of improving the understanding of the Nr contribution, in order to 
estimate Europe’s current and future N budget. 

Field investigations are classified into three levels: “Supersites” (Level 3) 
for intensive flux measurements, “Regional sites” (Level 2) for low cost 
measurements and “Inferential sites” (Level 1) for long-term 
measurements (Sutton, et al., 2007). More specific objectives for Level 3 
sites are to develop new flow methods and more detailed plant and soil 
processes (Sutton, et al., 2007). Despite the use of micrometeorological 
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techniques, the heterogeneity that characterizes the peatlands entails high 
uncertainties in the measurements, making more difficult the simulation 
of their physical and biological processes (Waddington & Roulet, 1996). 
Nungesser, M.K. (2003) draws attention to the hummock/hollow 
microtopography of the peatlands, stating that it complicates the 
selection of appropriate locations for taking into account the diverse soil 
environmental conditions and plant communities. Therefore, the fact of 
not having consistent driving variables along the peatlands (Dinsmore, 
Skiba, Billett, Rees, & Drewer, 2009) is opposed to the importance that 
temperature and water level are frequently given. 

To improve the understanding of the behavior and response of the 
peatlands to environmental factors process oriented models are used to 
describe the dynamics and the fluxes. Ultimately the models should be 
able to be used to be extrapolated to other sites and new conditions that 
have not been investigated by experimental technique. It is accepted that 
a model based on general principles and the best current understanding 
can not be a perfect representation of nature even if it is calibrated to 
many measurements.  

Furthermore, the up-scaling process entails also uncertainty in itself, 
both in the temporal and spatial scales. For the latter, the modeler might 
attempt to use an existing model in different ecosystems or climates (the 
so called model “portability”), what can requires a different setting of the 
parameters (Juston, 2010). 

At this point, the question is how faithful our data is, and beyond that, 
how faithful our simulation is. Juston, J. (2010) analyzes given model and 
data structures with formal or informal likelihood uncertainty methods 
for calibrating, exploring the parameter space that satisfies the simulation 
in a certain level of confidence, what can serve the environmental 
modeler to set a strategy for an efficient data collection regarding 
typology, amount and time constrains. The Bayesian calibration and the 
Generalized Likelihood Uncertainty Estimation (GLUE), so called 
formal and informal method respectively here, are greatly extended in 
the literature (Juston, 2010). 

They are still to be developed, since both the models and the data are 
representing very complex system for which we still have very limited 
knowledge (Stedinger, Vogel, Lee, & Batchelder, 2008). One example is 
the occurrence equifinalities between different results that implies that a 
number of combinations of representations of the real world system can 
not be distinguished from the observations that are available (Juston, 
2010).  

Nevertheless, parameters can be the links between variables, and 
therefore, the understanding of these connections can drive to 
simplification and to better model performances (Jansson & Moon, 
2001). The use of soil-vegetation-atmosphere transfer (SVAT) models is 
spread in the body of literatures to tackle this issue in many different 
ecosystems (Lo Seen, Chehbouni, Njoku, Saatchi, Mougin, & Monteny, 
1997), and there is a growing interest in the scientific community in the 
study of wetlands. 

The complexity of these models is variable, but they usually require a 
significant number of parameters, so they require the use of the 
mentioned uncertainty methods to improve the performance of the 
simulations. Therefore, in this study, one process oriented model 
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(CoupModel) was used to simulate soil water and heat fluxes and 
corresponding fluxes of nitrogen and carbon. 

Two existing sites representing wetlands with accumulated acidic peat in 
different climates with a dense and wide database were worked out in 
this study, covering the years 2007 and 2008. 

Within the context of the NitroEurope project framework, the main 
objective of this study was to improve the quantitative understanding of 
how the physics conditions are regulating greenhouse gases emission 
from wetlands. Specific objectives were (1) to evaluate the model 
uncertainty of simulated conditions based on measurements from two 
wetlands, (2) to relate the parameter uncertainties and to model 
performance and (3) to compare numerical values of the simulated and 
the measured nitrous oxide emissions. 

MATERIALS AND METHODS 

Field sites 

The two sites form the ecosystem sub-group for wetlands, within the 
Level-3 group of the measurement strategy of NitroEurope (Skiba, et al., 
2009). 

Regarding the soil texture, both are saturated peatlands, but differ mainly 
in the vegetation (Table 1). 

Lompolojämkkä, Finland  

This site is located in the Aapa mire region in the north-west of Finland, 
near the Pallas Global Atmosphere Watch Station (Aurela, Lohila, 
Tuovinen, Hatakka, Riutta, & Laurila, 2009). It is situated in an open fen 
characterized for its nutrient-rich species (Table 1). Aurela et al (2009) 
consider a mean height of 40 cm and a leaf area index (LAI) of 1.3 
(during summer) for the vegetation, which has a patchy distribution 
(estimated coverage 57%). That study describes a small stream flow 
across the site, with taller vegetation (mostly willow bushes) on its 
margins, which cover the 10% of the area. H4&63&,wUXP4 

Auchencorth, Scotland  

Auchencorth Moss is located in the proximity of Edinburgh (ca 17 km to 
the south), Scotland. The study area inside is specifically a wetland, so no 
other land use related with the input of N or C takes place on it. The 
majority of the soils are histosols (peats), with a variable depth between 
0, 5 m and 5 m. Regarding the meteorology, it is a rainy area (ca 1000 
mm/year) with mean temperatures of 19 °C in the warmest month (July) 
and 0,7 °C in the coldest (January). The dominating vegetation is 
moorland grass (Table 1). 

Field data 

The model was fed with hourly meteorological input data, which were 
used as driving forces. The modeled variables could be compared with 
their measurements (Table 2) from approximately two years. 

Approximately two years raw data were used to develop the models, 
including precipitation, global radiation, air temperature, relative 
humidity and wind speed. Furthermore, other measurements were used 
as “validation” of the simulation of the different variables: soil 
temperature groundwater level, snow depth, heat fluxes (latent and 
sensible), net radiation and greenhouse gasses fluxes (NEE, methane and 
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nitroussoxide). The variables presented different frequency and number 
of observations (Table 2). 

An ecosystem has a certain amount of organic carbon available, i.e. net 
ecosystem production (NEP), which used in different biological and 
non-biological processes (Lovett, Cole, & Pace, 2006). 

The net ecosystem exchange (NEE) represents the NEP plus the 
resultant of the inorganic sinks and sources of CO2 (weathering, 
precipitation-dissolution, equilibrations). 

However, the direct measurement of greenhouse gasses as CO2, 
methane and reactive nitrogen is usually problematic. The analysis of the 
variables appearing in Table 2 was performed to give insights of those. 

It is known that the incoming solar radiation is short wave, and that the 
emitted by the Earth is long wave. Both are affected by the absorption 
and/or reflection phenomena. The result of the radiation balance is 
called net radiation, which is one of the variables with influence in the 
physical and biological processes within the vegetation, the soil and the 
water surface. The global radiation, i.e. the resultant of the direct solar 
radiation and the diffuse sky radiation (Glickman, 2010), is of help to 
calculate the net radiation (Jansson & Karlberg, 2007). 

Two complete years and five months of raw data were used for the 
analysis of UK-AMo - from august 2006 to the end of 2008 -, with the 
exception of the groundwater level, for which only one complete year 
(2008) was available. In the case of Fi-Lom, one complete year and seven 
months (2008 and second half of 2007) of raw data were used for soil 
temperature and groundwater level, the first nine months of 2008 for 
nitrous emission, and two complete years (2007 and 2008) for the rest of 
the variables. The frequencies of the measurements and the number of 
observations for each variable appear in Table 2. 

Briefly described, Uk-AMo presents high precipitation values during the 
whole year, but the highest peaks appear in the late summer with a 
maximum of 266 mm/day in august 2006. The global radiation presents 
a sinusoidal yearly seasonality, reaching top values summer (72 J/m2/day 
in June 2008) and the lowest values in winter. The air temperature 
behaves in an analogue manner within the range of -9 ºC and 24 ºC. The 
relative humidity presents no meaningful yearly patterns, but a daily 
variability between ca 67% and 95%, reaching the lowest values at the 
mid day and the highest at night. 

Table 1. Sites brief description (Skiba, et al., 2009) 

Ecosystem and 
location 

Coordinates Site code Majority Vegetation 

Lompolojänkkä 

(FIN) 

67°59’50N; 24°12’33E 

269 m a.s.l. 

FI-Lom Species of Cyperaceae, 
Sphagnum, Eriophorum, 
Vaccinium, Equisetum, 
Salix and Beluta nana 
(rich fen species) 

Auchencorth 

(UK) 

55°47’34N; 3°14’35W 

255 m a.s.l. 

UK-AMo Species of Juncacea, 
Cyperaceae, Sphagnum 
and Calluna vulgaris 
(grass dominated 
moorland) 
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The wind speed is very unstable in the daily scale, but is commonly 
higher during the winter season, reaching its maximum of 24 m/s in 
March 2008. Chamber fluxes measurements in g/m2/day are used to 
account for methane, nitrous oxide and soil respiration, presenting very 
low values and no clear patterns for the formers and summer peaks for 
the latter (though this one has very few observations). The heat fluxes 
(sensible and latent) and the net radiation present analogue daily (highest 
at noon) and yearly (highest in summer) sinusoidal patterns. The 
opposite happens to NEE flux, whilst the soil heat flux has no 
meaningful yearly patterns but a clearly sinusoidal daily variation (highest 
at sunrise, lowest at sunset). According to the observations the minimum 
soil temperature is 3 ºC in winter, whilst 15 ºC are reached at the 
uppermost layer and 12 ºC at 40 cm depth during the summer season. 
Therefore, no soil freezing occurs during the winter. The yearly variation 
is typical, but the daily variation is meaningless. Furthermore an expected 
damping with depth appears. The groundwater level is very dynamic 
both in the daily and yearly scales. During the winter the fluctuations are 
up to 10 cm around the level 0 cm, and during the summer up to 30 cm 
around the level -0.5 cm, likely due to the also typical dynamism of the 
rain and the radiation in this period. 

Table 2 - Field data. Input data in the five raws above, and 
validation data in the rows bellow 

 

Variable Unit 

UK-Amo 
 

Fi-Lom 

Freq. # Obs. Freq. # Obs. 

Air temperature °C 1 h 21500 30 min 35088 

Relativity humidity % 1 h 21500 30 min 35088 

Wind speed m/s 1 h 21500 30 min 35088 

Precipitation mm/d 1 h 21500 30 min 35088 

Global radiation J/m2.d 1 h 21500 30 min 35088 

CO2 flux (soil resp.) g C/m2.d 10 – 15 d 55   

NEE flux g C/m2.d 1 h 21500 1 h 17544 

CH4 flux g C/m2.d 10 – 15 d 55 1 h 17544 

Nitrous oxide flux g N/m2.d 10 – 15 d 55 24 h 274 

Snow depth m X  24 h 550 

Ground water level m 1 h 8784 1 h 14671 

Soil heat flux J/m2/day 1 h 21500   

Latent heat flux J/m2/day 1 h 21500 1 h 17544 

Sensible heat flux J/m2/day 1 h 21500 1 h 17544 

Net radiation J/m2/day 1 h 21500 1 h 17544 

Soil temperature 
5cm 

°C 1 h 21216   

Soil temperature 
7cm 

°C   1 h 14671 

Soil temperature 
10cm 

°C 1 h 21216   

Soil temperature 
20cm 

°C 1 h 21216   

Soil temperature 
30cm 

°C   1 h 14671 

Soil temperature 
40cm 

°C 1 h 21216   

Soil temperature 
60cm 

°C   1 h 14671 
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Regarding Fi-Lom, the climatology and the rest of the physical variables 
mentioned for Uk-AMo present analogue seasonal patterns, but much 
more marked. The physical difference between the summer and the 
winter seasons is larger. Precipitation: low and continuous but large 
maximum values during the summer (665 mm/day in July 2008). Global 
radiation: 73 J/m2/day in July 2008, but larger low radiation periods. Air 
temperature: same patterns but larger amplitude, from -36 (winter 2007) 
to 27 ºC (summer 2007). 

Relative humidity: more dynamic than in Uk-AMo, and with opposite 
patterns to air temperature, fluctuating between 18% (June 2007) and 
99% (October 2008). Wind speed: analogue, maximum value 20 m/s 
(December 2008). Methane and NEE-flux: the seasonality of the 
observations is also more evident, and their values larger; almost 
negligible values are measured during the year, with the exception of the 
period June-September; the transitions to the peaks are abrupt, the 
maximum value for the former is 0.3 g/m2/day (August 2007) and for 
the former -5.20 g/m2/day (August 2008); therefore, Fi-Lom appears as 
a net source of methane and a net sink of CO2. Global radiation and 
heat (sensible and latent) heat fluxes: the patterns are analogue to Uk-
AMo, but have sharper transitions.  Soil temperatures: the same thing 
occurs here regarding the patterns, but the soil is frozen during some 
weeks in winter; in addition, a freeze-defrost phenomenon takes place 
during the transitions. Groundwater level: the observations suggest a 
continuously flooded situation, with slightly increased water levels during 
spring and summer (soft transitions), which can be increased up to 30 – 
40 cm due to sudden summer storms (May 2008). Snow depth: this is the 
main difference between both systems, with a snow period of 6 months 
(November to May, sharp transition in the time series distribution) and 
snow depth up to 1 m (April-May). 

Model description 

Jansson & Karlberg (2007) describe all the processes that are 
implemented in the CoupModel and optionally available by decision of 
the user. The parts of the processes considered in the calibration are 
described here. 

Reference to specific names and equation number are given according to 
Jansson and Karlberg (2007), and they are also available from the 
CoupModel homepage: 

(http://www.lwr.kth.se/Vara%20Datorprogram/CoupModel/ 
coupmanual.pdf). 

Model structure 

The model represents a layered soil profile with certain vegetation 
coverage and its water and heat dynamics, simulated in one dimension by 
using the meteorological data as driving forces. An upper layer with 
compartments for snow, intercepted water and surface ponding is 
considered.  A lower boundary is determined by groundwater flow. 

The equations for water flows and heat fluxes are described in detail, 
including the effects of the snow dynamics. In addition evaporation and 
plant type are linked. For the former a radiation input style is adapted, 
and for the later, the canopy is generated as explicitly expressed big 
leaves. Furthermore, water-heat-plant interaction feedbacks are 
considered by the simulation of carbon and nitrogen flows. 
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Soil heat processes 

Soil heat flow 

The heat flow (qh) accounts for heat conduction and water and vapor 
convection (Eq. 0.1). The change of this flow with the time 
accomplishes, the law of energy conservation (Eq. 0.2), where further 
sinks or sources (e.g. heat pump, heat source, insulated pipelines) are 
neglected. The initial heat conditions are not estimated by parameters, 
but by a temperature profile from the analytical simplification of the sine 
variation at the soil surface and a mean value of the damping depth for 
the whole profile. 

Some simplifications are also done to set the boundary conditions. For 
the calculation (Eq. 0.3) of the soil surface heat flow (qh(0)), a parameter 
for the temperature difference between the air and the precipitation 

(Tpa) is avoided, and the difference Ta- Tpa (where Ta is the air 
temperature) is substituted by the surface temperature (Ts). Thereby, Ts 
is the upper boundary for a bare soil. The soil surface temperature under 
the snow pack (Tss) for a snow covered soil (Eq. 0.4) requires the 
estimation of a weighting factor (Eq. 0.5), where the conductivity of the 
snow pack (Ksnow) is to some extent controlled by a parameter  explained 
bellow (Snow dynamics) used for the calibration of the model with the 
GLUE method (Table 3). A mean Ts is calculated for soils partially 
covered with snow (Eq. 0.8), using also Tss. The heat flows are simplified 
assuming steady state variations. The lower boundary is simplified to a 
constant heat flow. 

Soil thermal properties 

The estimation of the heat capacity (C) is simplified, considering that it 
varies with bulk density and water content but is uniformly with respect 
to mineral composition of the soil. The thermal conductivity for humus 
is calculated with adapted functions from de Vries (1975), both for 
unfrozen and frozen soils. In the case of mineral soils the source is 
Kersten (1949). In both cases is used a scaling factor (xhf) to adjust the 
values for specific layers that can be expected to deviate from standard 
equations (Jansson & Karlberg, 2007). 

Soil frost 

A liquid-ice interface process is active in the model for heat fluxes, based 
on a function of the freezing-point depression. Jansson and Karlberg 
(2007) describe the equations for calculating sensible and heat fluxes, the 
thermal conductivity and the boundary conditions of a partially frozen 
soil. 

In the model, the porosity of the soil is considered to fluctuate under 
partially frozen conditions. Both low-flow (small air-filled pores) and 
high-flow (large air-filled pores) domains are accounted for, considering 
unit gravitational water flow for the latter (Eq. 0.34). Therefore, this 
domain is governed by the hydraulic conductivity (K), what affects the 
infiltration by transferring the surplus water to the surface pool when the 
storage capacity here is reached by snow melt or precipitation. At the 
freezing front between two layers, the K is selected as the minimum of 
them to reduce possible overestimation of the redistribution during 
freezing. 

The water potential is also affected under these conditions, for the soil is 
not unfrozen. In addition the load of the soil in the upper layers is 
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accounted for (Eq. 0.37). The swelling-shrinking process of the soil is 
also added (Eq. 0.38; Eq. 0.39) when the porosity is exceeded by the 
water present in one layer.  

Soil water processes 

Soil water flow processes 

A laminar water flow is assumed for the soil, obeying Darcy’s Law (Eq. 
2.1), and no variation or transit is considered between the layers. The 
effects of the cracks (bypass flow) or barriers, of hysteresis and water 
vapor flow are neglected due to the type of soil (peat). Uniform pressure 
heads are set as initial conditions because of being under saturated 
conditions (wetlands). 

Surface water 

The infiltration rate, surface runoff are defined here, as how much 
pounded the soil is. The model is simplified including no furrows, so 
that all water infiltrates into the uppermost soil layer. No disturbances of 
pump stations of water inputs are considered. 

Soil hydraulic properties 

A water retention curve (WRC) and an unsaturated conductivity function 
(UCF) are defined with the corresponding parameter tables for the 
model layers and the measured horizons. For the WRC the Brook & 
Corey function is adopted (no shift of the curve) and the temperature 
effect is neglected. It is not the case of the UCF, for which the Mualem 
equations are chosen, considering matric conductivity independent of 
the total saturated conductivity. 

Drainage and deep percolation 

The groundwater is modeled assuming a totally impermeable lower 
boundary, i.e. there is no percolation. The one dimensional sink in 
groundwater flows is therefore reduced to drainage, whether it is due to 
artificial systems and/or topographical and hydrogeological conditions. 
A simple linear equation is selected for the calculations (Eq. 2.40), 
considering that the groundwater level (Eq. 2.52) is above the drainage 
(whose level is set by a fixed parameter), i.e. the fluxes are only assigned 
to the layers above. This simplification implies that the actual gradients 
and flow paths are not be represented,  

No return flow from ditches or open water was considered. To account 
for the site specific conditions a number of parameters were selected for 
calibration (Table 3). One such parameter represented a constant 
horizontal inflow (qsof) to a fixed layer (parameter qsol). 

Plant water processes 

Description of plant 

The vegetation is described as an array of plants, i.e. multiple canopies 
and root systems, in order to take into account the competition within a 
plant community. Regarding radiation interception, the canopy surface 
cover is defined fixing the mid-position on the horizontal plane by a 
parameter, so that plants can not intercept radiation from a larger area 
than unity. 

The plant growth is simulated, and so are the typical temporal patterns 
that vary with the seasons, i.e. leaf area index (LAI) (Eq. 3.4), albedo (Eq. 
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3.6), canopy height (Eq. 3.5) and root depth (Eq. 3.7) and length (Eq. 
3.8). In the case of Auchencorth Moss, the coefficient pl,sp expressing 
the mass per unit leaf area (Eq. 3.4) has been included in the list of 
parameters for the calibration of the model using the GLUE method 
(Table 3). Empirical equations, represented in parameter tables represent 
biomass and the physical attributes of the plant and its dynamic seasonal 
development. The root distribution is furthermore considered to change 
with the depth, so less density of roots is found in deeper layers. 

Potential transpiration 

The potential transpiration (Etp) is modeled in order to estimate the 
actual transpiration. Etp is calculated using the Penman-Monteith 
combination equation (Eq. 3.12). 

The aerodynamic resistance (ra) is a critical factor in this process, and one 
of its parameters is included in the list (Table 3) for the calibration of the 
model with the GLUE method. A stability correction is accounted for by 
using the Monin-Obukhov stability function (Beljaars & Holtslag, 1991). 
Furthermore the effect of eventual shadowing of other canopies is also 
included (Eq. 3.16). Roughness length (Eq. 3.19) and displacement (Eq. 
3.18) are necessary factors for the calculation of ra  (Beljaars & Holtslag, 
1991). They are accounted for with the help of the Shaw and Pereira 
functions including snow. 

The Lohammar equations (Eq. 3.21; Eq. 3.23) are used for the 
calculation of the surface resistance (rs). This is done for the canopies 
that are specified (two for each of the sites). The parameter gmax (Eq. 
3.23) gives a value for the maximal conductance of fully open stomata, 
and is included in the list (Table 3) for the calibration of the model with 
the GLUE method. 

Water uptake by roots 

The simulation of the water uptake is tackled with the simplified 
“Pressure head response” approach. The atmospheric demand and likely 
reductions determine, by simple response functions, how much water is 
taken up by the roots. In addition, the roots are considered to be flexible 
to enhance the water uptake from the layers with available water, in case 
of localized deficiency in other parts of the root zone. 

These response functions try to compensate (redistribute) the uptake by 
roots between layers with different water stress. Two reductions are 
considered in the calculation of the actual transpiration (Eta) (Eq. 3.25; 
Eq. 3.26). In the case of a dry soil (Eq. 3.27) the stomatal mechanism 
and xylary tissue resistance are considered as critical for the water 
potential response, and therefore for the reduction. Two parameters (Ψc 
and p1) are listed for the calibration of the model with the GLUE 
method (Table 3). The other case considered for reduction is the one 
due to low temperatures of the soil, what lowers the root surface-xylem 
conductivity. It requires the estimation of the soil temperature response, 
what is calculated with a double exponential equation (Eq. 3.31), giving a 
setting a static parameter (twc) for the trigging temperature. 

Interception 

Rain water- and snow storage on leaves is estimated, calculating the 
interception (I) with an exponential equation (Eq. 3.52). For this is 
necessary to calculate the maximum storage (interception capacity, Simax). 
This is done as a function of the temperature (Eq. 3.56). The intercepted 
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water on the leaves can evaporate directly or after being retained 
temporally, or form throughfall (Eq. 3.50). 

Soil Evaporation, snow and radiation processes 

Evaporation from the soil surface 

The partition of the net radiation by solving the energy balance equation 
was adopted as method for modeling the evaporation from the soil 
surface (Es).The method is the most physically based approach and 
includes parameters for both the atmosphere boundary layers and for 
transport in the soil (Eq. 4.2). 

The vapour pressure at the soil surface (esurf) and the aerodynamic 
resistance above the soil surface (ras) appear in many studies as sensible 
variables for this process (Alvenäs & Jansson, 1997). The former is 
necessary to calculate the latent heat flux (LvEs) (Eq. 4.4) and the latter 
for LvEs and for the sensible heat flux (Hs) (Eq. 4.3). 

Therefore, some parameters present in the equations that define these 
variables have been included in the list for the calibration of the model 
with the GLUE method (Table 3). In the case of esurf (Eq. 4.7 - Eq. 4.9), 
ψeg accounts for differences in water tension at the actual vapor pressure 
between the surface and the middle of the uppermost soil layer, i.e. how 
wetter or dryer can the soil surface be than the uppermost layer. In the 
other side, for the calculation of ras, (Eq. 4.12 - Eq. 4.25) its fluctuations 
due to the presence of the canopy cover are governed by the parameter 
ralai (Eq. 4.13), whereas for the effects of the atmospheric stability, 
simulated in the model as a function of the Monin-Obukhov stability 
parameter (Beljaars & Holtslag, 1991), the coefficient ra,soil,max

-1 is used 
(Eq. 4.25) to set an upper limit of as in extreme stable conditions, i.e. no 
wind. 

Snow dynamics 

In the model, water storage and boundary conditions for water and heat 
flows in soils are affected to some extent by the snow dynamics, i.e. 
melting and freezing (and refreezing). This is approached with an energy 
balance (Eq. 4.38) based on the conservation of heat within the snow 
pack. The snow temperature change (qh,sensible) and the snow 
melt/refreeze of liquid water (qh,latent) depend mostly in the snow water 
equivalent (total water content in the snow pack), what is calculated with 
a mass balance. The snow surface heat flux (qh,surface) and the heat flux 
between snow and soil (qh,soil) are depending on the snow thermal 
conductivity (ksnow) and the temperature of the snow surface (Tsnows) 
among others (Eq. 4.41; Eq. 4.42). 

ksnow is controlled by an empirical parameter sk (Eq. 4.50), which is 
included in the list for the calibration of the model by the GLUE 

method (Table 3), and depends on the snow density (snow), which is a 
weighted (by the snow depth) average of densities of the old and new 

snow  (Eq. 4.51). The latter (precipitation density, prec) is calculated with 
the help of an exponential model, and for the former, a function of the 
compaction rate is used for the estimation of the densification, based 

mainly on the snow depth (zsnow and zsold) and on the water 
equivalent. 

Tsnows is based in an energy balance at the snow surface (Eq. 4.63). To 
apply it, same process followed for “evaporation from the soil surface”, 
i.e. stability correction for ras by Monin-Obukhov limited for extremely 
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stable conditions according to Eq. 4.25, and considering the influence of 
vapour flow as done mentioned with Eq. 4.5 and Eq. 4.6. For these 
processes, taking into account the climate conditions of both sites, the 
roughness length for momentum above snow (zOM,snow) and the 
minimum turbulent exchange coefficient (ra,max,snow

-1) have been included 
into the list of parameters for the calibration of the model by the GLUE 
method (Table 3). It is also important to mention that soil and snow are 
considered individually, i.e. they have their own resistances.  

Radiation processes 

The total net radiation above the canopy (Rn,tot) is partitioned both into 
soil-canopy interception (Beer’s law used for soil, plat absorption of 
radiation is also estimated) and into long-short-wave radiation (Eq. 4.77). 
Two separate formulas are employed for the long-wave portion, where 
the temperatures of the soil (and/or canopy and snow surface) are used 

explicitly and the emissivity of the atmosphere (a) is calculated with the 
Konzelmann equation (which depends on the cloudiness and the 
sunshine bright and duration). Special attention is set in the short-wave 
radiation (Eq. 4.78), which is a function of the global radiation (Rs) and 
the albedo (ar). The former depends on the potential global radiation 
(Rpris) and the turbidity (which is set by constant parameters), and the 
latter is a function of the albedo for vegetation, snow (asnow) and bare soil 
(Eq. 4.109-Eq. 4.111). Due to the climate of the study sites, the 
parameter lowest albedo (amin) (Eq. 4.113), which controls asnow, has been 
included in the table for the calibration of the model by the GLUE 
method (Table 3). 

Nitrogen (N) and Carbon (C) – above ground processes and common functions 

Since the sites are wetlands, the land use reduces the external inputs to 
one only source. Furthermore, no management of the soil was 
considered. 

External inputs 

The study sites are wetlands, so no manure or fertilization is accounted 
for. Therefore, the deposition is the only considered source. Parameters 
for dry and wet depositions are set to estimate the ammonium and 
nitrate depositions, as functions of the water infiltration rate. An 
additional direct uptake of nitrogen (N) by the leaf from the atmosphere 
is also estimated. 

Plant growth 

Plant growth and development, i.e. C and N flows, are simulated in order 
to provide the model real biomass. The plant growth or C assimilation 
(CAtm->a) is estimated by a radiation use efficiency approach as a function 
of the absorbed global radiation and reducing-response functions for leaf 
temperature, leaf nitrogen and unfavorable water. 

This new C from the leaves, that are the product of photosynthesis, is 
allocated in the different pools. Winter regulation, i.e. dormancy and 
growing periods are defined with regard to the temperature. The 
estimation of the allocation in the roots obeys the maximum value 
among mass, N and water responses. Different types of function are use 
for each of them:  linear for mass, an independent coefficient for N and 
another for water. The fraction of C that is allocated into leaves is given 
by a single parameter, but the litterfall generated when they die is 



Rafael Mancera González                                    TRITA-LWR Degree Project 10-29 

12 

 

calculated as a function of the dorming temperature using four 
parameters (Jansson & Karlberg, 2007). 

The allocation of C produces N demand in the plant according to the 
CN ratio (parameterized). This demand produces an uptake from the 
soil, transferred to a mobile N pool between the roots, the stem and the 
leaves. The allocation of N is very similar to the defined for C. For the 
site of Auchencorth a parameter accounting for its fixation is included in 
the list for the calibration of the model by the GLUE method (Table 3).  

Table 3- List of parameters for the model calibration with GLUE 
method 

 # P. Proceses Parameter Unit Symbol 

1 Soil organic processes RateCoefHumus /day kh 

2 Soil organic processes RateCoefLitter1 /day kl 

3 Soil organic processes RateCoefLitter1Dis /day dDOL1 

4 Soil organic processes RateCoefSurf L1 /day ll1 

5 Water uptake CritThresholdDry cm water ψc 

6 Water uptake DemandRelCoef 1/day p1 

7 Common abiotic resp. SaturationActivity - pθSatact 

8 Potential Transpiration Conduct Max (1) m/s gmax 

9 Soil evaporation RaIncreaseWithLAI s/m ralai 

10 Soil organic processes CN Ratio Microbe - cnm 

11 Common abiotic respo. TempMax °C tmax 

12 Common abiotic resp. TempMin °C tmin 

13 Soil evaporation EquilAdjustPsi - ψeg 

14 Soil Thermal ThScaleLog(1) - xhf 

15 Soil Thermal ThScaleLog(2) - xhf 

16 Soil Thermal ThScaleLog(3) - xhf 

17 Soil Thermal ThScaleLog(4) - xhf 

18 Gas processes CH4 AerobicOxRate - 

 19 Gas processes CH4 PlantOxShapeCoef - 

 20 Gas processes CH4 Water Plant Coef - 

 21 Drainage and deep per. GWSourceFlow mm/day qsof 

22 SnowPack SThermalCondCoef W m
5
 °C

-1
 kg

-2
 sk 

23 SnowPack RoughLMomSnow m z0M,snow 

24 Gas processes CH4 PlantOxidationEff - 

 25 Radiation properties AlbSnowMin % amin 

26 SnowPack WindlessExChangeSnow s
-1

 ra,max,snow
-1

 

27 Soil evaporation WindLessExchangeSoil - ra,soil,max
-1

 

28 Gas processes CH4 BubbleRateConstant - 

 29 Gas processes CH4 RateCoefRatio - 

 30 Gas processes CH4 init Conc - 

 31 Plant Growth FixN supply(1) - 

 32 Plant Growth FixN supply(2) - 

 33 Potential Transpiration Conduct Max(2) - 

 34 Plant Specific LeafArea(1) - 

 35 Plant Specific LeafArea(2) - 
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The C processes in the model are completed with the calculation (for the 
whole range of temperatures) of some loses of C due to the plant growth 
and maintenance respiration. 

Nitrogen (N) and Carbon (C) – bellow ground processes 

Soil organic processes 

A soil can have several pools for C and N, but the model considers 
exclusively two litter pools for each layer of the soil. The whole organic 
process is simulated considering that, initially, C and N are evenly 
distributed in the soil profile. 

The cycle begins with the litter formation for C (Eq. 6.1) and N (Eq. 
6.2), controlled by the parameter ll1 included in the list for the calibration 
of the model by the GLUE method. Secondly, decomposition and 
mineralization are implicitly estimated with the help of the parameters kf 
and kh in the case of C (Eq. 6.3), and with cnm (CN ratio) for N (Eq. 6.7; 
Eq 6.8), being these parameters also included for GLUE. Explicitly N 
immobilization is also estimated controlled by cnm (Eq. 6.17). Finally, the 
dissolution of this matter, i.e. the flux from the immobile pools to the 
dissolved organics pool is controlled by the parameter dDOL1 (Eq. 6.19), 
ready for the root uptake. 

Common abiotic functions 

The Ratkowsky function (Eq. 5.85) is set as a common temperature 
response for microbial activity, mineralization-inmobilization, 
nitrification and denitrification. The parameters tmax and tmin are used in 
the list of coefficients for the calibration of the model by the GLUE 
method. Nitrification, decomposition and respiration related to a 
common function for soil moisture response (Eq. 5.86), where the 
parameter ptsatact is also included for calibration. 

GLUE method for calibration 

The generalized likelihood uncertainty method (GLUE) implies the 
selection by the user of a prior distribution set of general statistical 
criteria regarding linear regression, e.g. the coefficient of determination, 
the slope, the mean error, etc. Ranges of these criteria were set in order 
to condition the Monte Carlo simulation. The runs within these ranges 
are done with the help of random parameter sets (Ns times). The 
regression refers to the simulation compared with the measurements. 
Within these ranges, a run is an accepted behavioral model (ABM), and 
outside these ranges all the runs (models) are given a likelihood cero. 

Modeling approach and parameterization 

A group of parameters was set as constant and unique values and other 
as static tables (see indices). Furthermore, a third group of parameters 
was selected for each site as random within a certain range that is a 
common assumption of the GLUE method for calibration. They are 
presented in Table 3 (and Table 11 in the appendix)  as a uniform range 
of “valid” value, which were assigned certain likelihood by the model, 
whereas those outside the range were rejected. 

RESULTS AND DISCUSSION 

 Model Performance 

The emission of N2O from both sites was very low and did not follow 
any clear seasonal pattern. The model, as described above, was unable to 
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describe those patterns. However, there are many other variables with 
interesting seasonal dynamic patterns that the model also could describe 
that are the focus in this report. The performance of the model to 
represent the measurements was estimated by 6 different indicators. First 
a linear regression was made between the measured and simulated from 
with a coefficient of determination (R2), an intercept (A0), a slope (A1). 
In addition the mean difference between simulated and measured (ME), 
the root mean square of difference (RMSE) and a log likelihood value 
based on Bayes theorem was estimated (LogLikelihood). 

First of all, the covariance between parameters and variables, which is 
expressed as a co-correlation (Table 12 and Table 13, in the appendix), 
was evaluated in order to identify the most sensitive processes and to 
focus the analysis on them. A more visual result of this is represented in 
Fel! Hittar inte referenskälla.. 

A calibration analysis of the model was used to study the behavior of the 
simulation of these variables.  The initial constraints used for the 
statistical criteria were based in the mentioned covariance. This analysis’ 
purpose was to find best distributions of each calibration criterion and of 
the combination of some of them (Table 4, Table 5 and Table 6). 

Final constraints for the statistical criteria were obtained performing the 
GLUE calibration method (Table 7 and Table 8). They were fixed 
objectively trying both to shorten the range of their possible values and 
to allow a sufficient number of iterations (ABM). 

Once the model was calibrated, a performance analysis comparing the 
analyzed criteria for the sensitive variables gave more visual insights of 
the best statistical selection. This was complemented comparing the 
parameter values obtained for each case (Table 9).  

Finally, numerical results for N20 and CH4 were obtained to compare 
the modeled and the measured emission rates. 

Prior parameter-variable covariance 

Table 4 and Table 5 present the highest covariance between the 
calibrated parameters and different performance indicators for the model 
variables for Fi-Lom and UK-Amo. The values represent the results of 
the posterior distributions of the calibrated parameters. They express the 
covariance as co-correlation. One purpose was to provide insights to 
find which parameters affect more explicitly which process, so 
exclusively co-correlation values higher than |0.4| (“strong covariance”) 
were taken into account and written into the table. This means that the 
blanks in the table correspond to values lower than |0.4|, which were 
used to exclude that covariance parameter-variable from the analysis. 
Additionally, these values helped to select different statistical 
combinations and/or criteria as settings for the GLUE approach.  

Fi-Lom site: 

For Fi-Lom, 11 of 30 calibrated-parameters had “strong” covariance. 
However, methane flux and nitrous emission happened not to have 
higher co-correlation than |0.4| in any cases. Three physical issues 
(snow dynamics, soil thermal conductivity and soil evaporation) and the 
microbiological activity were the main processes, specially the presence 
of the snow pack. The highest co-correlation values corresponded to the 
parameters accounting for maximum meteorological stability limitations 
of the aerodynamic resistances for soil and snow, i.e. ra,max,snow

-1 and 
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ra,soil,max
-1, what occurred repeatedly for the most of the statistical criteria 

and for the most of the driving variables. In a more specific degree: 

Carbon Flux: in this case the most correlated parameters were those used 
to control the response of the soil moisture and temperature (common 
abiotic responses) to the microbial activity, which were the minimum 
temperature and the saturation activity. 

Energy balance (radiation, latent, sensible): more correlated mostly with 
the aerodynamic resistances, and specially when employing Log 
Likelihood, but also in very correlated, when using r2, to the coefficient 
controlling the vapor pressure at the soil surface and the scaling factor 
for the soil thermal conductivity. 

Snow Depth: strongest covariance with Sk, which accounts for the 
thermal conductivity of snow, and ra,max,snow

-1 as mentioned above. 

Soil Temperatures: r2, RMSE and the Log Likelihood criteria were not 
corresponded with strong covariance for the three layers. The 
aerodynamic resistances, ra,soil,max

-1 as mentioned above and the one bellow 
the canopy (ralai) for all the layers, and differently the scaling factor for 
the soil thermal conductivity. 

UK-Amo site: 

In UK-Amo the system seemed to be more complex, because four 
physical (soil evaporation, drainage, soil thermal capacity and plant 
physical description) and four biological (plant growth, soil organic 
processes, gas processes and microbiological activity) processes 
presented parameters “strongly” correlated to the performance 
indicators for a number of variables. In addition, there was a higher 
difference between the “strong” and the “strongest” covariance (Table 
13 in the appendix), having more weight the scaling factor of the soil 
thermal conductivity (ThScaleLog) and the groundwater levels 
(GWSourceFlow) in this site. A group of 13 parameters from 35 had 
“strong” covariance. Specific patterns are: 

Carbon Flux: again this variable appeared to be mostly correlated to the 
microbial activity (SaturationActivity), but also to the organic inputs 
from litter (RateCoefLitter1). When the performance was measured by r2 
the leaf area index found its highest value of covariance in this variable. 

Methane flux: only parameters controlling the groundwater level and 
explicitly the methane processes presented “strong” covariance in this 
case. For the latter, the highest value for CH4RateCoefRatio in the 
model occurred when the performance is assessed by RMSE, whereas r2 
was chosen as criteria as a good complement for RMSE. 

 Nitrous emission: the CN ratio was found to have “strong” covariance 
when using the intercept as criterion. 

Energy balance (radiation, latent, sensible, heat flow): “strong” 
covariance for the sensible flow was uniquely found when using the 
slope as criterion, referring it to the LAI. The rest of the statistical 
criteria gave “strong” covariance for the other variables of the energy 
balance, and more specifically the Log Likelihood. The most 
representative parameter was ThScaleLog (for soil heat conductivity) as 
mentioned above. However ralai (for aerodynamic resistance conditioned 
by the LAI) qsof (for groundwater level) and ra,soil,max

-1 mentioned above 
seemed to be very influent in the model so a complex criteria 
combination set was chosen for the energy balance. 
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Soil temperatures: the four layers had “strong” covariance for all the 
statistical criteria regarding the four different scale factors for the soil 
heat conductivity, with the exception of the downer layer for r2. The 
highest values appeared for r2, intercept and Log Likelihood. In addition 
the parameter ralai presented also “strong” covariance for ME, 
consequently, this criterion was also considered. 

Soil respiration: the highest co-correlation values appeared when 
performance was expressed with ME and RMSE. The only two 
parameters presenting “strong” covariance for soil respiration were 
dDOL1, accounting for the litter, and pθSatact, which controlled the 
saturation as a response of the microbiological activity. The highest 
values of these parameters were obtained for ME and RMSE, what 
reinforces their selection as statistical criteria. 

Saturation level: as mentioned above, the parameter controlling the 
saturation level appeared as one of the two most correlated for the whole 
coupled model, conditioning mostly the methane fluxes, the radiation, 
and more explicitly the groundwater level. ME was the criterion showing 
the strongest covariance, whereas the other criteria had similar values. 
The criterion r2 had been also chosen as a good information complement 
for ME. 

The “strong” co-correlation values for the parameters were ordered 
from the highest to the lowest (Fel! Hittar inte referenskälla.). Since 
the parameters were linked to the modeled processes, the purpose was to 
identify which processes that can be constrained by the measured data 
from the two sites. 

 

Figur 1 - Maximum covariance values for FI-Lom (Serie2) and UK-
Amo (Serie 4). The table under the plot represents the parameters 
from Table 2 (# param) in parallel with their highest covariance 
values from Table 4 for Fi-Lom and from Table 5 for UK-Amo. 
They are ordered from the highest parameter with the highest-
highest covariance to the parameter with the lowest-highest 
covariance. Additionally the Rank value is assigned 
correspondingly in parallel. Rank values in X-axis, covariance in Y-
axis. 
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In the case of FI-Lom, an almost straight line (serie2) represents no 
much difference in the covariance between two consecutive parameters 
until the most correlated one (#26), whose value grows significantly 
compared to the value of #22. A meaningful gap appears between #16 
and #2 in the line corresponding to UK-Amo, defining two separate 
groups. 

According to these tendencies, the performance of model for FI-Lom 
seemed to be very conditioned to the effect in the snow-pack of 
extremely calmed climate condition, whereas the model for UK-Amo 
presented more complexity, with soil thermal conductivity, groundwater 
level, microbiological activity and gas processes appearing together as the 
most important factors (mostly the first two ones). 

GLUE: Preliminary constrains and obtained parameter distributions 

A number of statistical constrains was set for both sites according to the 
prior covariance between the parameters and the model performance 
(Table 4, Table 5 and Table 6). The setting of each of these constraints 
leaded to changes in the distributions (Figure 2) of the common 
statistical indices for linear regression (measurement-simulation), which 
were analyzed separately for these variables. When the same variable was 
assigned two or more statistical criteria, it was considered a must that the 
new distributions (after criterion) growed in the same direction. As a 
consequence of this, several combinations of statistical criteria were 
accordingly analyzed with the purpose of finding the best performances 
and reducing the uncertainty intervals. 

For the first settings the constraints were not severe, because the 
purpose was to analyze their effects and to allow a sufficient number of 
accepted behavioral models (ABM) for the subsequent combinations. 
Another idea was to have equitable rejection efficiency in view of the 
homogeneity, with an a priori estimation by experience of about the 50-
60% for each variable-criterion individually. 

For the site Fi-Lom (Table 4): 

Criterion Fi-Lom 01 presented distributions with very analogue reactions. 

Criterion Fi-Lom 02 presented distributions with analogue reactions when 
changing LogLyk, but when changing solely r2 the distributions changed 
only slightly. It was remarkable that the distribution of the ME for total 
sensible flow did not tend to cero, but to positive increasing values 
instead. It was also important to mention that the sub-criterion of 
performance by exclusively r2 here had already a rejection efficiency of 
95% over 96%, what meant that the most of the behavioral models 
rejected by LogLi were already rejected by r2. It can indicate that the 
performance regulated by LogLi for these variables was not very 
significant compared to r2. 
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Table 4 – Ungrouped criteria for FI-Lom model calibration with 
GLUE 

 Criterion Fi-Lom 01 

 

Low High Accepted Reject eff. % 

Carbon Flux ME -0.2 5 3355 0.58 

Carbon Flux RMSE - 4 3589 0.55 

All above   

  

2832 0.65 

Criterion Fi-Lom 02 

 

Low High Accepted Reject eff. % 

NetRadiation                  r
2
 0.768 - 3791 0.53 

Latentheatflux  J/m2             r
2
 0.717 - 3614 0.55 

Sensibleheatflux J/m2             r
2
 0.357 - 3630 0.55 

Total r
2
 

   

608 0.92 

NetRadiation                  LogLi -295000 - 3348 0.58 

Latentheatflux  J/m2             LogLi -267500 - 3008 0.62 

Sensibleheatflux J/m2             LogLi -217000 

 

3281 0.59 

Total LogLi 

   

1679 0.79 

All above   

  

576 0.93 

Criterion Fi-Lom 03 

 

Low High Accepted Reject eff. % 

Snow depth A0 0.005 0.013 3633 0.55 

Snow depth A1 0.95 - 3382 0.58 

Snow depth ME - 0.007 3501 0.56 

All above   

  

2156 0.73 

Criterion Fi-Lom 04 

 

Low High Accepted Reject eff. % 

Temperature(2) A0 0 0.25 3711 0.54 

Temperature(4) A0 -0.6 -0.3 3108 0.61 

Temperature(6) A0 -1.1 -0.8 3208 0.60 

Total A0 

   

1475 0.82 

Temperature(2) RMSE - 0.7 3217 0.60 

Temperature(4) RMSE - 0.65 3869 0.52 

Temperature(6) RMSE - 0.8 3734 0.53 

Total RMSE 

   

1392 0.83 

All above   

  

282 0.96 
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Table 5– Ungrouped criteria for UK-Amo model calibration with 
GLUE, criteria 1-4 (cont.  Table 6) 

 
Criterion UK-Amo 01 

 

Low High Accepted Reject eff. 
% 

Carbon Flux R2 0.3 - 4620 0.54 

Carbon Flux ME -2.5 2.5 4422 0.56 

All above   

  

3177 0.68 

Criterion UK-Amo  02 

 

Low High Accepted Reject eff. 
% CH4 total soil flux  R2 0.011 - 3907 0.61 

CH4 total soil flux  RMSE - 0.5 4508 0.55 

All above   

  

1458 0.85 

Criterion UK-Amo  03 

 

Low High Accepted Reject eff. 
% N2O emission rate A0 - 1.00E-05 3599 0.64 

All above   

  

3599 0.64 

Criterion UK-Amo  04 

 

Low High Accepted Reject eff. 
% 

RadiationNetTot A1 0.86 - 4429 0.56 

SoilHeatFlow(1) A1 0.27 - 4438 0.56 

TotalSensibleFlow A1 - 1.65 4417 0.56 

Total A1   

  

1443 0.86 

RadiationNetTot ME - 955000 4448 0.56 

SoilHeatFlow(1) ME -115000 - 4439 0.56 

TotalLatentFlow ME - 1,600,000 4378 0.56 

Total ME   

  

1686 0.83 

RadiationNetTot RMSE - 2540000 4435 0.56 

SoilHeatFlow(1) RMSE - 650000 4312 0.57 

TotalLatentFlow RMSE - 3400000 4428 0.56 

Total RMSE   

  

1029 0.90 

All above   

  

258 0.97 

The prior distributions of A0, A1 and ME in the case of Criterion Fi-Lom 
04 were already very uniformly distributed and with mean values close to 
the best performances. After observing that the deviated distribution of 
RMSE grew also to better performances, and presenting “strong” 
covariance for the two downer layers between parameters and variables, 
this sub-criterion was added here in order to provide more information. 
Finally, resulting too few ABM, the criterion combines exclusively A0 
and RMSE, considering as more parameters as possible and disregarding 
redundant information. 

For the site UK-Amo (Table 5 and Table 6): 

Criterion UK-Amo 01 presented equal tendencies for both criteria when 
narrowing the thresholds, although changing independently ME left an 
important amount of ABMs with low values of r2. The rest of the 
statistical criteria just slightly affected for these variations. 

Criterion UK-Amo 02 was carried out despite of the opposite reactions of 
the reactions of its statistical criteria because these trends were not very 
marked. In addition, the strong covariance of this variable with the 
groundwater level was of interest. 
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Criterion UK-Amo 03 was applied because it was the only one presenting a 
strong covariance for the parameter for the CN ratio. The prior 
distribution, with two peaks was reduced to one peak. 

Criterion UK-Amo 04 was simplified for r2. Although strong covariance 
variable-parameter was found, among others for the groundwater level, 
the parameters on this part were well represented in other criteria with 
even better covariance. The most sensitive change in the distributions 
was produced for RMSE for the net radiation. 

Criterion UK-Amo 05 had equal distribution trends after changes. The 
criteria A1 and ME was omitted to simplify the analysis, taking into 
account that the remaining criteria responded to the strongest covariance 
parameter-variable. The main parameter for soil temperature turned to 
be the scaling factor, as anticipated above. However the parameter ralai 
presented also strong covariance for ME. This factor was already tackled 
in Criterion UK-Amo 04, what helped for the mentioned simplification. 

In Criterion UK-Amo 06, the prior distribution of ME had two marked 
peaks, what conditioned the sensitivity of the criterion, and therefore, 
the distribution of r2. 

Criterion UK-Amo 07, had equal distribution trends after changes. 

 Table 6– Ungrouped criteria for UK-Amo model calibration with 
GLUE, criteria 5-7 (cont.  Table 5) 
 

Criterion UK-Amo  05 

 

Low High Accepted Reject eff. % 

Temperature(1) R2 0.75 - 4360 0.56 

Temperature(2) R2 0.895 - 4626 0.54 

Temperature(3) R2 0.925 - 4546 0.55 

Total R2 

   

2102 0.79 

Temperature(1) A0 3.7 4.3 4615 0.54 

Temperature(2) A0 2.8 3.4 4815 0.52 

Temperature(3) A0 2.5 3.00 4300 0.57 

Temperature(5) A0 2 2.5 4713 0.53 

Total A0 

   

1038 0.90 

Temperature(1) LogLi -88000 - 4047 0.60 

Temperature(2) LogLi -42000 - 4501 0.55 

Temperature(3) LogLi -24000 - 4085 0.59 

Temperature(5) LogLi -12000 - 3984 0.60 

Total LogLi 

   

1286 0.87 

All above   

  

449 0.96 

Criterion UK-Amo  06 

 

Low High Accepted Reject eff. % 

SaturationLevel R2 0.35 - 4237 0.58 

SaturationLevel ME -0.027 - 4162 0.58 

All above   

  

413 0.96 

Criterion UK-Amo  07 

 

Low High Accepted Reject eff. % 

Soil Respiration ME - 2.5 4563 0.54 

Soil Respiration RMSE - 2.5 4116 0.59 

All above   

  

4116 0.59 
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Figur 2 - Distribution of the performance values (criteria represent  
ed in the X-axis) of several variables, particular cases, for FI-Lom 
(a-d) and UK-Amo (e-g) where a) is for the carbon flux, b) and d) 
are both for the soil temperature at 7cm (above), 30cm (mid) and 
60cm (bellow), c) is for the snow depth and e) f) g) are for carbon 
flux, methane flux and saturation level respectively. 

GLUE: Final constrains 

The high number of parameters with strong covariance and the model’s 
ability to describe measured conditions indicated that the site specific 
characteristics could be identified by the calibration procedure. However, 
a wide collection of factors and parameter combinations could have 
similar importance for the performance. Consequently the analysis was 
not simple. The preliminary ungrouped constrains provided an idea of 
the model behavior and a certain idea of its sensibility (what supposes 
itself a source of deeper research). It was reasonable, since they were not 
severe, to include all of them together as a group. However, for both 
sites, when it was done no ABM resulted. 
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It leaded to the dilemma of increasing the number of simulations or of 
reducing constrains, by whether setting less narrow ranges or reducing 
the number of criteria. The first option was one of the recommendations 
that resulted from this study, but with focus in the main objective of this 
study, there was information enough to tackle the second option. This 
study was based on the assumption that a process, represented indirectly 
by one or more parameters, was more important when strong covariance 
was found between a driving variable and one or more of these 
parameters. This, in one hand permitted to detect the common driving 
processes in wetlands (Table 12, Table 13) and in the other hand the 
most important in the particular cases of both sites. More concretely, in 
order to get enough ABM to perform an adequate analysis, the following 
final grouped criteria were set for each site (Table 8): 

Criterion 1: grouped all the ungrouped preliminary criteria and set wider 
threshold ranges equally till an adequate number of ABM results. 

Criterion 2: grouped exclusively the variables found to have the highest 
parameter-variable covariance and set wider threshold ranges equally till 
an adequate number of ABM results, but narrower than Criterion 1. 

Regarding Criterion 2, the highest covariance, i.e. the most affecting 
processes, was specific for each site. For FI-Lom these were the soil 
temperature and the snow depth, and for UK-Amo, the groundwater 
level and also the soil temperature. 

 

Table 7 - Final constrains for FI-Lom, where the spaces in blank 
means that the threshold values of the prior model have not been 
changed 

 

 

 

Variable  
Criterion 1 Criterion 2 

 
Min Max Min Max 

Latentheatflux  J/m2             R2 0.65 0.7515 

  Sensibleheatflux J/m2             R2 0.32 0.4172 

  NetRadiation                  R2 0.75 0.8103 

  SoilTemperature(7oC              A0 0 0.25 0 0.25 

SoilTemperature(30oC              A0 -0.6 0 -0.6 -0.3 

SoilTemperature(60oC              A0 -1.1 -0.3 -1.1 -0.8 

SnowDepth     m              A0 0 0.013 0.005 0.013 

SnowDepth     m              A1 0.93 0.9702 0.95 

 CO2-C       g/m2.d            ME -0.2 5 

  SnowDepth     m              ME -0.006528 0.01 

 

0.007 

SoilTemperature(7oC              RMSE 0.4623 1 

 

0.7 

SoilTemperature(30oC              RMSE 0.3928 0.66 

 

0.65 

SoilTemperature(60oC              RMSE 0.4147 0.9 

 

0.8 

CO2-C       g/m2.d            RMSE 1.2658 6 

  Latentheatflux  J/m2             LogLi -270000 -260360.28 

  Sensibleheatflux J/m2             LogLi -220000 -211594.03 

  NetRadiation                  LogLi -300000 -284030.09 

  ABM/Eff. of rejection 

 

138 /0.98 86 0.99 
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  Table 8 - Final constrains for UK-Amo, where the spaces in blank 
means that the threshold values of the prior model have not been 
changed 
 Variable 

 

Criterion 1 Criterion 2 

Min Max Min Max 

MethaneFlux  R2 0.01 

 

  

NEEflux      gC/m2/da           R2 0.2 

 

  

SoilTemperature  C   5cm    R2 0.65 

 

  

SoilTemperature  C   20cm R2 0.875 

 

  

GroundWaterLevel m         R2 0.3 

 

  

NitrousoxidFlux  A0 

 

5.00E-05   

SoilTemperature  C   5cm    A0 3.5 4.7   

SoilTemperature  C   10cm   A0 2.8 3.9   

SoilTemperature  C   20cm  A0 2.3 3.3   

SoilTemperature  C   40cm    A0 2 3   

Soilheatflux                  A1 0.15 

 

  

Senisbleheatflux J/m2/day  A1 

 

1.9   

Netradiation                  A1 0.82 

 

  

SoilRespiration ME 

 

7   

Soilheatflux                  ME -125000 

 

  

NEEflux      gC/m2/da           ME -2.5 5   

Latentheatflux  J/m2/day     ME 

 

2,100,000   

Netradiation                  ME 

 

1,100,000   

GroundWaterLevel m      ME -0.03 

 

  

MethaneFlux  RMSE 

 

15   

SoilRespiration RMSE 

 

7   

Soilheatflux                  RMSE 

 

1,000,000   

Latentheatflux  J/m2/day    RMSE 

 

4,000,000   

Netradiation                  RMSE 

 

2,700,000   

SoilTemperature  C   5cm    LogLi -100000 

 

  

SoilTemperature  C   10cm  LogLi -57000 

 

  

SoilTemperature  C   20cm  LogLi -30000 

 

  

SoilTemperature  C   40cm   LogLi -18000 

 

  

ABM/Efficiency of rejection 

 

95 0.99   
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Model performances 

Soil Temperature 

The soil heat processes were found to have the highest co-correlation 
values. Their parameters could be constrained by using the data from 
both sites, but mainly for UK-Amo. 

At a first sight the general inter-annual typical patterns for each site 
could be detected. The seasonality is sharply marked in the case of FI-
Lom (Fel! Hittar inte referenskälla. and Fel! Hittar inte 
referenskälla.), whereas the seasons succeed each other with longer 
transitions periods in UK-Amo (Fel! Hittar inte referenskälla.). Model 
and measurements present good matches in both cases, including 
damping with the increasing of soil depth. This was when applying 
acceptance criteria for both sites. 

The models have also analogue problems regarding performance. The 
highest discrepancies, and also simulated uncertainty ranges, can be 
found for both of them in growth periods (May-October).The most 
pronounced miss-match appeared in the cooling periods, with an 
enhancement with an increase of the soil depth.  Besides this, no major 
differences could be found when the final acceptance criteria’s were 
applied. 

 

Figur 3 – FI-Lom´s modeled soil temperature in 7cm (above), 
30cm (middle) and 60 cm (bellow) depth with Criterion 1. In black, 
the uncertainty range. Long time scale. 
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However, for a higher resolution (Fel! Hittar inte referenskälla.), good 
performance may also give better insights of the specific characteristics 
and properties for the two sites. The same month was selected to analyze 
the patterns for the comparison between both wetlands (Fel! Hittar inte 
referenskälla.a-Fel! Hittar inte referenskälla.c) and between both 
criteria (Fel! Hittar inte referenskälla.a- Fel! Hittar inte 
referenskälla.b). For the first case, UK-Lom presents both more 
dynamic measurements and simulation, what is likely due to the daily 
variation of the groundwater level. And for the criteria comparison, the 
narrowest uncertainty ranges can be appreciated for Criterion 2, as 
predicted, however it does not make the model match better. In the 
contrary, Criterion 1 presents a better matching between the mean of 
ABM and the measurements. In this case, it means that the consideration 
of a more global group of processes with less exigent threshold values 
for performance can represent better the nature than the two assumed 
most important processes. 

 

Figur 4 – gsggffg FI-Lom´s modeled soil temperature at 7cm, 
30cm and 60 cm (from left to right) depth with Criterion 2. In 
black, the uncertainty range. 

 

Figur 5 – kjoi UK-Amo´s modeled soil temperature at 5cm, 10cm, 
20cm and 40 cm depth with Criterion 1. In black, the uncertainty 
range. Long time scale. 
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NEE flux and respiration 

Continuing with the aim of the study, a good simulation of the nitrous 
emission would have been the most satisfying result. However, there has 
been no success due probably to the very low levels of emissions and the 
absence of a robust seasonal pattern in the measurements. When 
analyzing the covariance, the nitrous emission has been found to be 
highly related to all the parameters, so no constrain has been able to be 
set in order to simplify the model. 

Due to the relationship between carbon and nitrogen in the soil organic 
processes (Eq.6.1–Eq.6.19), the Net Ecosystem Exchange (NEE) flux 
has been analyzed instead. 

 

Figur 6 - Performance of the modeled soil temperature for FI-Lom 
(a, b) and UK-Amo (c). Layers 7cm. 30cm and 60cm represented 
from left to right  (a, b) and layers 5cm, 10cm, 20cm and 40cm 
represented in c) from the top to the bottom. The simulation is 
represen in green in a) and in red on c) and d). The dark blue band 
represents the uncertainty range. 
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Figur 7 – NEE flux modeled in long (left) and short (right) time 
scale. Where a) and b) correspond to Criterion 1 in FI-Lom and 
UK-Amo respectively, c) to Criterion 2 in FI-Lom,  and 
consequently d) and e) correspond to Criterion 1 in FI-Lom and 
UK-Amo respectively, f) to Criterion 2 in FI-Lom. Observe that the 
scales are not the same. 

The assumption here was that a good performance of the carbon 
emission processes can imply in parallel good simulated results for the 
nitrous emission, disregarding its measurements. Soil respiration has 
been also analyzed for UK-Amo, finding analogous behavior for this and 
NEE flux, although the focus was more in the last one because of the 
good data availability. Comparing both sites with each other in a long 
time scale (Fel! Hittar inte referenskälla.a- Fel! Hittar inte 
referenskälla.b), analogue general patterns can be observed regarding 
summer and winter trends of the emissions, but again having for UK-
Amo more dynamic behavior and more soften transition periods. In 
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both cases the model overestimates the emissions in the colder periods, 
although since the slopes of the graphs are parallel, deeper study to 
narrow r2 could be done to try to minimize this issue. Still in the long 
time scale, comparing both criteria for FI-Lom (Fel! Hittar inte 
referenskälla.a- Fel! Hittar inte referenskälla.c), it can be clearly 
observed again that constraining more processes with broader range is 
better for the simulation, better than fixing only the main processes with 
narrower ranges.  

This effect repeats in the short time scale. At this scale, comparing 
Criterion 1 for both sites in the same week of the year the simulations is 
a less dynamic than the measurements, especially for UK-Amo. In this 
site the estimation of the litter seems to be significant according to the 
covariance parameters-variables. This suggests a special attention to r2 
for NEE flux or soil respiration, and also, due to the close relationship 
of soil organic processes with the soil temperature, for the thermal 
scaling coefficients. 

Snow depth (FI-Lom) 

The performance of the simulation of snow depth is of the highest 
importance for FI-Lom. The emissions of Nr from the soil is affected 
mainly for the moisture, soil temperature and land use (Machon, et al., 
2010). Both sites are wetlands with no special land use regarding Nr 
inputs. FI-Lom is characterized for the long term presence of snow, 
which is here the major impact factor for the soil temperature. 

With the focus on FI-Lom, the comparison between Criterion 1 and 
Criterion 2 gives some insights of the model behavior. The both long 
and short term scale performances and patterns is very similar in both 
cases. The freezing and refreezing period (November-April) has lower 
performances, and the uncertainty range in both cases seems to be too 
narrow. The smelting period (April-May), with a much sharper transition, 
is estimated with better performance but broader uncertainty range. 

Particularly, shortening the analysis to one single week (Fel! Hittar inte 
referenskälla.), Criterion 1 gives higher values than Criterion 2 for the 
snow related parameters of highest covariance, i.e. sk and ra,max,snow

-1. The 
latter, being one of the most affected parameters when choosing 
Criterion 2, accounts for the aerodynamic resistance at stable climate 
conditions. The observations show low wind speed around the 6th and 
the 21th of May, what is contradictory in Criterion 2, because 
observations and simulation would agree better than in Criterion 1. 
However, a higher sk in Criterion 1, implying a higher snow density 
(Function 7) has likely provided the model more stability here. In any 
case, the slope seems to be the most important factor to have better 
agreement in both criteria. 

Groundwater level (UK-Amo) 

As snow for FI-Lom, the groundwater level has been found to have a 
very strong variable to be constrained by the calibration for UK-Amo. 
Therefore, it has been used in Criterion 2 to constrain the performance 
together with the soil temperature (Table 8). The use of both criteria has 
given similar performance results, with narrow performance ranges for 
the cold periods and broad for the warmer period, coinciding as 
expected with the radiation and evapotranspiration patterns. However 
the simulation is more dynamic in Criterion 1. More exigent 
performance requirements specifically for soil saturation (Criterion 2) 
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give more static results, respecting the day-night typical dynamics of the 
groundwater level. This invites to think in the error of the observations. 

 

 

Figur 8 – Snow depth during smelting period, simulation, 
measurements and uncertainty range , FI-Lom Criterion 1 (above) 
and Criterion 2 (bellow) 

The difference between the extreme groundwater level values is not too 
large, and during the cold period, the most of the values is indicating 
flooded conditions, likely due to the presence of surface runoff, whereas 
the simulations is always given ground water beneath the soil surface. 

Furthermore, the summer heavy rains caused rapid response in the 
measurement of the groundwater level. That is typical for an 
ombrotrophic peatland. 
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Figur 9 – Groundwater level, Criterion 1 (above) and Criterion 2 
(bellow) 
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Table 9 - Variation of the parameter values for both sites and both criteria 

 

FI-Lom UK-Amo 

 

Prior Criterion 1 Criterion 2 Prior Criterion 1 Criterion 2 

# Mean Mean % Rank Mean % Rank Mean Mean % Rank Mean % Rank 

1 2.E-05 2.E-05 -2 25 2.E-05 -3 22 2.E-05 2.E-05 2 27 2.E-05 -1 29 

2 3.E-02 3.E-02 -9 16 3.E-02 -7 18 3.E-02 3.E-02 -9 16 3.E-02 6 14 

3 5.E-04 5.E-04 -7 18 5.E-04 -8 17 5.E-04 5.E-04 0 35 5.E-04 1 32 

4 5.E-01 5.E-01 4 20 5.E-01 -2 23 5.E-01 5.E-01 -4 19 5.E-01 0 35 

5 2.E+03 1.E+03 -9 15 1.E+03 -20 14 2.E+03 1.E+03 -4 20 1.E+03 -7 10 

6 3.E-01 3.E-01 2 26 3.E-01 -3 21 3.E-01 3.E-01 -6 18 3.E-01 -2 27 

7 5.E-01 4.E-01 -18 12 4.E-01 -26 12 2.E-01 1.E-01 -25 12 2.E-01 6 13 

8 3.E-02 3.E-02 -7 17 3.E-02 -5 19 3.E-02 3.E-02 0 34 3.E-02 -4 17 

9 1.E+02 1.E+02 10 13 1.E+02 16 15 1.E+02 1.E+02 4 21 1.E+02 3 22 

10 1.E+01 1.E+01 4 21 1.E+01 0 29 1.E+01 1.E+01 -2 26 1.E+01 2 24 

11 2.E+01 2.E+01 2 24 2.E+01 -1 28 2.E+01 2.E+01 3 22 2.E+01 -1 33 

12 -3.E+00 -9.E-01 -65 6 -6.E-01 -78 5 -3.E+00 -1.E+00 -57 8 -2.E+00 -38 9 

13 2.E+00 2.E+00 5 19 1.E+00 -1 25 2.E+00 2.E+00 12 14 2.E+00 4 18 

14 1.E-09 2.E-02 2.E+09 3 2.E-02 2.E+09 4 -1.E-01 -2.E-01 72 4 -3.E-01 202 4 

15 1.E-09 -8.E-03 -8.E+08 4 4.E-02 4.E+09 2 1.E-16 -3.E-02 -
3.E+16 

1 -9.E-02 -
9.E+16 

1 

16 1.E-09 6.E-02 6.E+09 1 4.E-02 4.E+09 1 1.E-16 -1.E-02 -
1.E+16 

2 -2.E-02 -
2.E+16 

2 

17 1.E-09 4.E-02 4.E+09 2 3.E-02 3.E+09 3 1.E-16 1.E-02 1.E+16 3 1.E-02 1.E+16 3 

18 5.E-01 5.E-01 0 30 5.E-01 2 24 5.E-01 4.E-01 -26 10 5.E-01 3 23 

19 1.E+02 1.E+02 3 22 1.E+02 1 27 1.E+02 1.E+02 1 31 1.E+02 3 20 

20 5.E-01 5.E-01 -1 28 5.E-01 1 26 5.E-01 5.E-01 -1 32 5.E-01 2 26 

21 1.E+00 1.E+00 9 14 1.E+00 -4 20 1.E+00 1.E+00 26 11 1.E+00 5 16 

22 6.E-07 7.E-07 19 11 3.E-07 -51 10 6.E-07 5.E-07 -3 24 6.E-07 6 11 

23 5.E-03 2.E-03 -59 7 2.E-03 -61 8 5.E-03 2.E-03 -57 7 2.E-03 -56 7 

24 5.E-01 5.E-01 1 27 5.E-01 -10 16 5.E-01 5.E-01 2 29 5.E-01 3 19 

25 3.E+01 3.E+01 -1 29 3.E+01 0 30 3.E+01 3.E+01 -1 33 3.E+01 0 34 

26 3.E-03 3.E-03 3 23 2.E-03 -33 11 3.E-03 3.E-03 7 17 2.E-03 -5 15 

27 3.E-03 1.E-03 -45 10 2.E-03 -22 13 3.E-03 2.E-03 -2 25 3.E-03 2 28 

28 5.E+02 1.E+02 -71 5 1.E+02 -78 6 5.E+00 2.E+00 -51 9 3.E+00 -50 8 

29 5.E+00 3.E+00 -49 9 2.E+00 -66 7 5.E+00 2.E+00 -61 5 2.E+00 -57 6 

30 5.E-04 2.E-04 -59 8 2.E-04 -53 9 5.E-04 2.E-04 -59 6 2.E-04 -66 5 

31 

       

3.E-01 3.E-01 3 23 2.E-01 -1 31 

32 

       

3.E-01 3.E-01 18 13 2.E-01 -6 12 

33 

       

3.E-02 3.E-02 -1 30 3.E-02 -2 25 

34 

       

4.E+01 4.E+01 2 28 4.E+01 3 21 

35 

       

4.E+01 3.E+01 -12 15 4.E+01 1 30 
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Synthesis of portability 

The structure of both models was practically identical. Exceptions: 

Groundwater level: Return flow was considered for FI-Lom, and not for 
UK-Amo, which means that the water content is only influenced by the 
rain (ombrotrophic, as a typical bog) in the UK-Amo site. 

Radiation: the incoming longwave radiation was estimated implicitly in 
UK-Amo, whereas for FI-Lom it was done (Jansson & Karlberg, 2007). 
In addition, at FI-Lom a constant factor was included to account for the 
degree of cover for the canopy. 

Soil heat flows: the initial conditions were given as a table for the Finish 
site, whereas in the Scottish site it was taken from the analytical annual 
mean value solution of the temperature penetration into the soil. 

Soil organic processes: the initial soil organic concentrations were given 
as a constant value for UK-Amo and as a table of constant values for FI-
Lom. The model calibration in the prior situation required thirty 
parameters for FI-Lom and thirty five for UK-Amo. Nine of them have 
a parameter-variable co-correlation higher than |0.4| to performance 
indicators in the Finish site and eleven in the Scottish. The parameters 
with higher covariance within the models were 22, 26, 27 for FI-Lom 
and 14, 15 and 21 for UK-Amo, what gives a hint of the differences 
between the processes with stronger influence on each model. The 
former group accounts for the dynamics of snow (thermal conductivity) 
and for atmospheric stability conditions (both, with or without snow), 
whereas the latter group consists of scaling factors for soil thermal 
conductivity and the groundwater level. The values of these parameters 
were originally very similar, finding the major difference in the inclusion 
in the list for UK-Amo those five extra parameters, accounting for plant 
processes (description, growth and transpiration). 

The performance was in general better for FI-Lom, which can be due 
less good quality of measurements or to the higher complexity of the 
system of UK-Amo. Both sites share analogies in the soil type, which 
can justify systematic (white error) and accidental error found in the 
observations, but the climate conditions (snow against heavy rain) and 
the vegetation communities make the differences. This was clearly 
reflected in the covariance patterns, which have been used as a tool for 
interpretation of the results 

No successful or trustful performances have been found for N2O. 
However, the simulation and the observations of NEE flux agree 
acceptably for both sites. It may justify whether the use of this variable 
and a C/N ratio for Nr estimations, or directly the acceptance of the 
simulation of N2O. This is furthermore supported by the good 
agreements obtained for the variables with higher covariance; the 
common and the particular ones (snow depth for FIN-Lom and 
groundwater level for UK-Amo). 

Simulated N2O rate 

It has been found in the literature that northern peatlands act as sources 
for the annual net N2O and CH4 emissions (Dinsmore, Skiba, Billett, 
Rees, & Drewer, 2009). Furthermore, the numeric results obtained from 
the simulations confirm the statement (Table 9). The result of the study 
adverts of the error of the measurements of GHG for the sites, due to 
the characteristic microtopography of peatlands, what is additionally 
confirmed here. 
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Table 10 - N2O and CH4 emissions, year 2007 

 
 

 
CH4 

Tn/ha/yr 

N20 

Kg/ha/yr 

  

FI-Lom 
Observations 0.003389 -0.09962 

Simulation 0.892264 9.76E-05 

UK-Amo 

Observations 0.171945 0.002621 

Simulation 0.262918 - 

CONCLUSION 

With the aim of improving the understanding of the physical processes 
involved in the fluxes of the reactive N in North European wetlands, a 
simulation model of this type of ecosystem has been calibrated for two 
different locations. 

The type of organic peat soil represents large variability both in the 
temporal and spatial dimensions and many errors are related to both 
random and systematic impacts on the measurements. 

However mathematical models (CoupModel in our case) can be used to 
produce acceptable performance of both regulating environmental 
variables like temperatures and moisture and related GHG emissions. 
However some measurements are not consistent and were not useful to 
constrain the uncertainty of the model. The measurement of chamber 
fluxes could maybe be avoided, and should be used with great care. 

The characteristic patterns of both sites have been described, 
highlighting the inter-annual and seasonal dynamics. These patterns were 
well reproduced by the model after calibration and many parameters 
could be constrained because of these patterns. A number of parameters 
were estimated. The values of the soil thermal conductivity were 
important for both sites. The presence of snow had a crucial role at the 
FI-Lompolo site, while the groundwater level and the plant processes 
were more important for UK-Amo site.  

RECOMMENDATIONS 
The complexity of the processes involved wetlands and peatlands 
demand a very deep knowledge of each process. Modeling is a useful 
process that can facilitate experience from many different investigations 
and data. Furthermore, a deeper understanding demands the effort of 
different specialists and their integration. 

Different types of uncertainty and errors have been discussed and 
accounted for. Especially the parameter value uncertainty could be 
reduces by calibration efforts. The merging of data and models are of 
highest importance to reduce this type of uncertainty when estimating 
environmental conditions and especially GHG emissions from northern 
ecosystems. Other types of uncertainty will require more data and 
experimental investigations. 
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APPENDICES 

Table 11 – Value ranges of parameters for the model calibration with the GLUE 
method 

 

# Parameter 

FI - Lom UK - Amo 

Unit Symbol Min Max Min Max 

1 RateCoefHumus 1.00E-05 2.50E-05 1.00E-05 2.50E-05 /day kh 

2 RateCoefLitter1 0.005 0.05 0.005 0.05 /day kl 

3 RateCoefLitter1Dis 0 0.001 0 0.001 /day dDOL1 

4 RateCoefSurf L1 1.00E-07 1 1.00E-07 1 /day ll1 

5 CritThresholdDry 100 3.00E+03 100 3.00E+03 cm water ψc 

6 DemandRelCoef 0 0.6 0 0.6 1/day p1 

7 SaturationActivity 0 1 0 0.3 - pθSatact 

8 Conduct Max (1) 0.005 0.05 0.005 0.05 m/s gmax 

9 RaIncreaseWithLAI 25 175 25 175 s/m ralai 

10 CN Ratio Microbe 5 20 5 20 - cnm 

11 TempMax 15 25 15 25 °C tmax 

12 TempMin -10 5 -10 5 °C tmin 

13 EquilAdjustPsi 0.001 3 0.001 3 - ψeg 

14 ThScaleLog(1) -0.2 0.2 -0.4 0.2 - xhf 

15 ThScaleLog(2) -0.2 0.2 -0.2 0.2 - xhf 

16 ThScaleLog(3) -0.2 0.2 -0.2 0.2 - xhf 

17 ThScaleLog(4) -0.2 0.2 -0.2 0.2 - xhf 

18 CH4 AerobicOxRate 0.01 1 0.01 1 - 

 19 CH4 PlantOxShapeCoef 0.1 200 0.1 200 - 

 20 CH4 Water Plant Coef 0 1 0 1 - 

 21 GWSourceFlow 0 2 0 2 mm/day qsof 

22 SThermalCondCoef 1.00E-07 1.00E-06 1.00E-07 1.00E-06 W m
5
 °C

-1
 kg

-2
 sk 

23 RoughLMomSnow 1.00E-04 0.01 1.00E-04 0.01 m z0M,snow 

24 CH4 PlantOxidationEff 0.05 1 0.05 1 - 

 25 AlbSnowMin 30 35 30 35 % amin 

26 WindlessExChangeSnow 0 0.005 0 0.005 s
-1

 ra,max,snow
-1

 

27 WindLessExchangeSoil 0 0.005 0 0.005 - ra,soil,max
-1

 

28 CH4 BubbleRateConstant 1 1000 0.1 10 - 

 29 CH4 RateCoefRatio 0.1 10 0.1 10 - 

 30 CH4 init Conc 1.00E-05 0.001 1.00E-05 0.001 - 

 31 FixN supply(1) 

  

0.1 0.4 - 

 32 FixN supply(2) 

  

0.1 0.4 - 

 33 Conduct Max(2) 

  

0.005 0.05 - 

 34 Specific LeafArea(1) 

  

20 50 - 

 35 Specific LeafArea(2) 

  

20 50 - 
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Table 12 – Covariance between parameters and variables for Fi-Lom, chosen among 
value>|0,4| 

Variable 
Perf. 
Indic. 

PARAMETERS Fi-Lom 

7 9 12 13 14 15 16 17 22 26 27 

Carbon Flux ME 0.48   -0.69                 
Carbon Flux RMSE 0.48 

 

-0.65 

        RadiationNetTot R2 

         

-0.9 

 TotalLatentFlow R2 

   

-0.61 

       TotalSensibleFlow R2 

   

0.54 -0.44 

      RadiationNetTot LogLi 

         

-0.92 

 TotalLatentFlow LogLi 

          

-0.74 

TotalSensibleFlow LogLi 

         

-0.85 

 Snow Depth A0 

         

0.94 

 Snow Depth A1 

        

0.8 0.5 

 Snow Depth ME 

        

-0.4 -0.86 

 Temperature(2) A0 

     

0.66 

  

0.49 

  Temperature(4) A0 

     

0.4 0.56 0.51 

   Temperature(6) A0 

      

0.53 0.49 0.42 

  Temperature(2) A1 

 

-0.53 

   

-0.54 

    

0.54 

Temperature(4) A1 

 

-0.42 

    

-0.49 -0.45 

  

0.42 

Temperature(6) A1 

 

-0.43 

    

-0.47 -0.43 

  

0.44 

Temperature(2) ME 

 

0.51 

        

-0.64 

Temperature(4) ME 

 

0.49 

        

-0.65 

Temperature(6) ME 

 

0.46 

        

-0.65 
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Table 13 – Covariance between parameters and variables for UK-Amo, chosen 
among value> |0,4| 

 

Variable 
Perf 
Indic 

PARAMETERS UK-Amo 

2 7 9 10 14 15 16 17 21 27 29 32 35 

Carbon Flux R2 
           

0.46 
 Carbon Flux ME 0.50 0.65 

           CH4 total soil fl R2 
        

0.63 
    CH4 total soil fl  RMSE 

          
0.69 

  N2O emission r A0 
   

0.51 
         RadiationNetTot R2 

    
-0.54 

   
0.52 

    SoilHeatFlow(1) R2 
    

-0.67 -0.66 
       RadiationNetTot A1 

    
-0.54 

        SoilHeatFlow(1) A1 
    

-0.64 -0.68 
       TotalSensibleFlow A1 

            
0.40 

RadiationNetTot ME 
  

-0.49 
          SoilHeatFlow(1) ME 

  
0.40 

  
-0.56 

       TotalLatentFlow ME 
         

0.51 
   RadiationNetTot LogLi 

    
-0.79 

        SoilHeatFlow(1) LogLi 
    

-0.60 -0.64 
       Temperature(1) R2 

    
-0.89 

        Temperature(2) R2 
    

-0.57 -0.61 
       Temperature(3) R2 

    
-0.40 -0.48 

       Temperature(1) A0 
    

0.82 
        Temperature(2) A0 

    
0.43 0.72 

       Temperature(3) A0 
     

0.54 0.64 
      Temperature(5) A0 

     
0.58 0.54 0.49 

     Temperature(1) ME 
  

0.50 
          Temperature(2) ME 

  
0.49 

          Temperature(3) ME 
  

0.49 
          Temperature(5) ME 

  
0.49 

          Temperature(1) LogLi 
    

-0.85 
        Temperature(2) LogLi 

    
-0.44 -0.73 

       Temperature(3) LogLi 
     

-0.52 -0.61 
      Temperature(5) LogLi 

     
-0.47 

       SaturationLevel R2 
        

-0.58 
    SaturationLevel ME 

        
0.81 

    Soil Respiration ME 0.52 0.66 
           Soil Respiration RMSE 0.53 0.63 
           

 


