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SUMMARY IN SWEDISH 
Löst organiskt kol (DOC, som förkortas i engelska) står för många olika 
funktioner i boreala skogens ekosystem. Det är det viktigaste tranport-
medel för organiskt kol från förnafall till skog mark profilen och till-
sammans med vattenavrinning det kan transporteras till strömmar. I bo-
reala skogar, DOC transport har vinst uppmärksamhet på grund av 
nyligen dokumenterad ökning av koncentrationen. Flera modeller har fö-
reslagits, först att få förståelse i de huvudsakliga anledningar av denna 
ökning av koncentrationen, och sedan simulera transport av DOC i land-
skapet.  
Ett undersökande arbete gjordes att identifiera omfattningen av fysisk 
control och hydrologiska vägar för DOC ansvarsfrihet och långsiktiga 
biologiska kontrollen över DOC produktion, transport i markens profil 
och vattenföring i 2 olika situationer. En 22-årig datamängd från Kryck-
lan upptagningsområde användes. Meteorologiska data användes som 
kör variabler att kalibrera DOC koncentration och avrinning i ett litet 
upptagningsområde (plats C7). CoupModel har inrättats för att represen-
tera beskrivat vegetationen och dokumenterat marken karakterisering 
och sedan kalibreras för att passa de multilaterala miljöavtalen-försäkrat 
variablerna. En stegvis kalibreringsprocessen var rekommenderad för att 
bidrar förståelsen av de olika komponenterna i landskapet i organiska 
kolcykeln. 
Resultaten pekar på mark värme och vatten överföring processer som 
gruppen mest relevanta att förklara både vatten runnof och DOC an-
svarsfrihet, med ökande betydelse i de djupare marklagren, förklara upp 
till 97% av kortsiktiga variationer i DOC ansvarsfrihet för 27-35 cm la-
ger. Markens organiska kol pooler visade för att ha relevans i organiskt 
kol lagersaldo längs marken profilen. 
Slutsatser anges att, i överensstämmelse med andra författare, det finns 
en hydrologiska primära kontroll över DOC discharge, men att markens 
organiska ämnen och särskilt vegetation utför en relevant roll i långsiktig 
balans i organiska kolcykeln. Ytterligare studier med denna modell skulle 
kunna omfatta tidsserier av atmosfäriskt nedfall av svavel och kväve och 
kör modellen i kaskad. 

Nyckelord: Löst organiskt kol, Modellering, Krycklan. 
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ABSTRACT 
Dissolved Organic Carbon accounts for many different functions in the 
boreal forest ecosystem. It is the main vehicle for organic carbon 
transport from the litterfall to the forest soil profile and together with 
water drainage it can be transported to streams. In boreal forests, the 
DOC transport have gain attention because of recently documented rise 
in concentration. Several models have been proposed, first to gain un-
derstanding in the main cauces of this increase in concentration, and 
then to simulate the transport of DOC in the landscape.  
An exploratory work was made to identify the extent of physical control 
and hydrological pathways for DOC discharge and the long-term biolog-
ical control over DOC production, transport in the soil profile and dis-
charge in 2 different situations. A 22-year dataset from the Krycklan 
Catchment site was used. Meteorological data was used as driving varia-
bles to calibrate DOC concentration and runoff in a small catchment 
(Site C7). The CoupModel was set up to represent the described vegeta-
tion and documented soil characterization and then calibrated to fit the 
measured variables. A stepwise calibration process was preferred to 
promote the understanding of the different components of the landscape 
in the organic carbon cycle. 
Results point to soil heat and water transfer processes as the most rele-
vant group to explain both water runnof and DOC discharge, with in-
creasing relevance in the deeper layers, explaining up to 97% of short-
term variability in DOC discharge for the 27-35 cm layer. Soil organic 
carbon pools showed to have relevance in organic carbon stock balance 
along the soil profile. 
Conclusions state that, In concordance with other authors, there is a hy-
drological primary control over DOC discharge, but that soil organics 
and especially vegetation perform a relevant role in long-term balance of 
the organic carbon cycle. Further studies with this model could include 
time-series of atmospheric deposition of Sulphur and nitrogen and run-
ning the model in cascade. 

Keywords: Dissolved Organic Carbon, Modelling, Krycklan Catchment. 

1.  INTRODUCTION 
As it is stated in the UN´s Sustainable Development Goals, to ensure the 
conservation, restoration and sustainable use of terrestrial and inland 
freshwater ecosystems and their services is a target to reach sustainable 
development, (SGGs, Goal 15.1) (United Nations, 2015). In boreal 
forests, Dissolved Organic Carbon (DOC) plays a relevant role in many 
components of the landscape separatedly: It plays an important role in 
soil formation and it can serve as a carbon and nutrient storage. 
Furthermore, it can be transported with water though the soil profile, 
serving also as a transport mode for carbon and nutrients in the forest 
soil in topographic gradients, but it can also mobilize heavy metals and 
organic pollutants with them. In streams it plays a relevant role in the 
food web structure, but high concentrations during peakflows could 
trigger sensitive fauna mortality (Ågren et al, 2010). It also plays a role in 
the global carbon budget in forests organic soils, when tranported and 
and stored as a sink in peatlands, despite under anoxic conditions it 
could be a signifficant source of greenhouse gases (Monteith et al, 2007).  
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Estimations form (Cole et al, 2007) states inland waters – the recipient of 
transported DOC – get annually about 1.9 PgC y-1, from a mix of 
antropogenic and natural sources. Roughly half of this carbon is 
delivered to the oceans, while the rest is either stored in sediments (10%) 
or returned to the atmosphere as gas exchange (40%). In perspective, 
this means land carbon exports to inland waters contribute closely as 
much as land use-change emissions in the global carbon budget, roughly 
1 PgC y-1 for the 2012 LPG-GUESS estimation. 
Despite the specific functions of DOC in the different components of 
the landscape are fairly described, the tranport of DOC in the landscape 
is still far from being understood (Tiwari et al, 2014). Several models for 
DOC generation and transport have been tested at local scale, but the 
efforts to transfer this to the landscape scale have not been yet succesful, 
probably due to faliure in representing landscape controls on 
hydrological functioning (Tetzlaff et al, 2010). Furthermore, as it 
normally happens, vegetation-related processess are poorly represented 
in models, and tipically vegetation-water relations are not represented in 
a mechanistic way (Gerten et al, 2004). 
Process-oriented modelling of ecosytems is a useful tool to gain 
understanding about how common underlying processes could explain 
some phenomena occurring in different places, but the high demmand 
for specific information for parametrization often limits its application to 
inensively investigated sites (Metzgeret al, 2015). 

1.1. Relevance of the study subject and relevant definitions  
1.1.1. Relevance of Dissolved Organic Carbon in the boreal landscape 
context 

In the forest soil:  
It is a known fact that soil has an important role in the global carbon sys-
tem. Globally, they hold 3 times more carbon that the above ground bi-
omass and 2 times more than the atmosphere. Boreal forests soils have 
an estimated 15% of the global soil carbon estimate (excluding wetlands), 
mainly because of the large area they cover and the high amount of or-
ganic carbon they can get to store. Estimates for total organic carbon 
storage in boreal forests soils range widely, from 2.4 kg m-2 in the north-
ern boreal zone to 29.8 kg m-2 for the deep spodosols in Alaska 
(Eswaran et al, 1993), (Liski & Westman, 1997). Despite almost all the 
organic carbon stored in the soil profile comes from the aboveground 
litterfall, most of the carbon is stored in the first 50 centimeters of the 
mineral soil, as it can be seen on Figure 1 for the Flakaliden site, located 
in similar conditions to the Krycklan catchment. Then, the relevance of 
DOC in the forest soil radicates in its role in carbon and nutrient 
transport as leachates from the O horizon, and from the root system in 
the mineral soils, not in the DOC size as a carbon pool itself (Fröberg, 
2004). 
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Figure 1. Carbon pools [Kg C m-2]  in soils at dry, mesic and moist 
forest soils at Flakaliden. Data from (Beggren et al, 2004). 
 
Moreover, in boreal forests, an important share of the total captured 
carbon by trees (a documented up to 79% of the total CO2-e) is normally 
transported as DOC and later reemitted back to the atmosphere either as 
CO2 or CH4 as a result of microbial activity. Factors governing organic 
carbon export rates as DOC from forest soils have not yet been fully 
understood. Among the possible causes are listed antropogenic changes 
such as Climate change, changes in deposition of sea salt and changes in 
atmospheric deposition of sulfur and nitrogen (Monteith et al, 2007). 
These changes in export rates could be responsible for possible missbal-
ances in the ecosystem carbon balance, and if maintained in the long 
term could bring a consequent loss of organic matter content in the soil.  
In riparian zones: 
Riparian zones are sinks for DOC, which in turn can be and there for 
organic carbon because zones with a stable, shallow water table tends to 
have anaerobic conditions with slower decomposition rates, resulting in 
accumulation of organic matter which end in peats formations along 
streams, increasing in concentrations gradually as it comes closer to the 
streams. 
The importance of riparian organic carbon accumulation is highlighted 
during storms. Due to the fact that organic carbon concentrations in-
crease upward in the soil profile, DOC lateral transport increases when 
the water table increases in height. Situation that is more common during 
storm events. Under this situations, authors reveal that up to 84 - 93% of 
DOC found in streams during storm events comes from riparian zones. 
Snowmelt and rain events are determining to an important extent DOC 
concentration in streams, but they´re not the only factor, soil conditions 
before snowmelt and rain event will affect the concentrations during the 
event too. During vegetation period the soil moisture is important for 
DOC leaching. Variability of soil moisture can lead to that DOC concen-
trations in streams are finally the result of interactions between many 
processes (Ågren et al, 2010). 
In streamwater:  
In the boral landscape, DOC is also relevant for streamwater quality. 
Streamwater comes from the drainage of its own catchment, so its quali-
ty is to a great extent reflecting both hydrological and biogeochemical 
processes occurring in the surrounding landscapes. DOC is one of the 
important elements present in streams, serving as important source of 
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food for heterotrophic bacteria and upper aquatic fauna and being one 
of the factors influencing pH due to its acidic properties. It is a major de-
terminant of streamwater colour. It is related to many biogeochemical 
processes, to the aquatic foodchain in streams, it is stated as the main re-
sponsible for colour changes in streamwater and a it plays a major role in 
streamwater pH. 
Other main factor affecting stream water pH is acidic deposition of ni-
trates and sulfates, by natural or antropogenic causes, affecting the Acid-
ic Neutralizing Capacity (ANC) (Bishop et al, 2000). 
Transport of substances:  
An increase of DOC transport would mean a decrease of pH with the 
consequent increased transport of vector metals and organic pollutants. 
During snowmelt period, the abrupt changes in pH could also trigger 
mortality of sensitive fish.  
Climate change effects on DOC dynamics 
General effects of climate change in soil carbon are not yet under con-
sensus. Climate variables, mainly temperature and precipitation have 
been pointed out to have a primary control over soil organic carbon 
stocks. This situation is now reflected in Earth system models (ESM), 
and consequently, ESM have predicted a relevant positive feedback of 
soil carbon pools to climate change. Nevertheless, a recent publication 
by Doetterl et al (2015) states that the interaction of climatic variables 
with soil geochemistry should be taken into account to reduce the still 
large uncertainities related to ESMs prediction of climate change effects 
on SOM.  
Climate change scenarios predict that zonal mean precipitation in high 
latitudes will very likely to increase as well as mean air temperature (Flato 
et al, 2013). Specific predictions for the Swedish conditions made by the 
Swedish Meteorological and Hydrological Institute for the Coastal North 
Norrland District state mentions a rise in average temperature of about 
3°C by 2030 and about 18% rise in precipitation on the average situation 
(Data retrieved form SMHI webpage, Scenario RCP 4.5). 
Nevertheless the fairly certain temperature and rainfall projectios, effects 
that climate change will have in the boreal forest ecosystem are still not 
clear. Despite the possible changing drivers could be listed (changes in 
permafrost, growing season, etc), the combined effects on the ecosystem 
are not yet clear. In this sense, boreal forest’s carbon dynamics have 
been reported to be specially sensitive to climate change. For example, it 
has been reported that changes in the insulative properties of snow have 
a stronger effect over permafrost dynamics than changes in air tempera-
ture. IPCC’s AR5 recognizes the attention that snow cover and near sur-
face permafrost have got over the last years because of significant feed-
backs it can provide to climate change, but unfortunately in this field, 
models are not yet concludent about projections. An evaluation of 33 
snowpack models showed consistency with observations for the open 
sites, but the complex interactions between plant canopy and snow cover 
poses difficulties to match the observed data.  
A vulnerability assessment of the boreal forests of Alaska to climate 
change by Chapin et al (2010) states that this ecosystems are particulary 
sensitive to climate change, and that among the situations that can trigger 
abrupt changes in the Alaskan boreal forest are: 
• Losses in permafrost and changes in the soil-water regime, which could 

led to changes in the growing season and changes in the hydrological 
regime. 
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• Changes in the ecosystem’s development direction due to changes in 
disturbances regimes such as forest fires, floods, insects and/or pato-
gens outbreaks 

• Changes in population of locally relevant species, such as dominant 
trees, mosses and/or lagomorphs. 

Moreover, a publication by Öquist et al (2014) suggests that, since the 
water availability impose little or no limitation to growth in the boreal 
forest context, the most important effect that an increase in precipitation 
will have is that a more frequent, thick layer of clouds over the sky asso-
ciated with more rain could affect photosintetically active radiation influx 
and therefore reducing GPP and C sink. 

1.1.2. Environmental factors affecting DOC dynamics 
In recent years, an increase in DOC discharge from several sites in 
North America and Europe have been reported, with many factors being 
pointed as potential responsibles, but without consensus among the 
scientific community over the relative influence of each of them. 
Moreover, there is no consensus about the relative contribution of each 
of these threats related to alteration in DOC dynamics yet.  
Climate change, changes in acidic deposition, land use change and 
agriculture activities have been pointed out as possible drivers of this 
increases in DOC discharge (Tiwari, 2015).  
In the boreal regions, climate change is supposed to influence in 
precipitation and temperature patterns, with overall higher mean annual 
temperatures and changes in precipitation patterns, with an increase in 
the mean annual precipitation. This changes in temperature could alter 
soil frost patterns, consequently altering hydrological pathways during 
baseflow. An increase in soil temperature could also foster the 
decomposition of organic soils (especially peat soils), increasing turnover 
rates of organic carbon in the O horizon. Changes in precipitation 
patterns could affect by altering hydrological pathways and increasing 
soil drainage, which is ultimately the transport mode for DOC. Recent 
evidence for Finland points to Climate change as the main reason for 
increased DOC concentration on the outlet of a big catchment (Lepistö 
et al, 2014). 
Decreased atmospheric mineral acid deposition is being pointed out also 
as a possible cause of this increment in DOC concentration. An increase 
in organic acidity related fossil fuel burning is linked to rise in soil water 
acidity and ionic strength, suppressing DOC solubility. Authors propose 
that increases in DOC concentrations found on streams and lakes in 
North America and Europe from 1988 could be related to the decrease 
in atmospheric deposition, indicating a return to preindustrial concentra-
tions of DOC (Evans et al, 2006), (Monteith et al, 2007). 
In addition, the water cycle is inherently linked to vegetation cover in the 
landscape. Water uptake, interception, retention, transpiration, 
evaporation infiltration and runoff processes are to different extents 
influenced by vegetation and its characteristics. Population growth and 
the rise on demand for agricultural and wood products lead to a massive 
interventions on the landscape, with the consequent alteration in hydro-
logical cycle. Human interventions on forest ecosystems (i.e. clear 
cutting), could affect DOC dynamics by reducing evapotranspiration, 
altering hydrological cycle, changing not only the flow patterns of the 
streams, but also the biogeochemical processes occurring in the 
landscape, which are influenced by the water content and water flows in 
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the soil profile such as in case of land use changes and peatland draining 
(Gerten et al, 2004).  
Forests are not always net GHG sinks. That is the case of drained 
organic soil forests, old farmland (currently about 300.000 ha in 
Sweden), despite this forests captures (and therefore growth) at higher 
rates than other forest under similar conditions. In this conditions, single 
planted trees fixes about 8 ton C per year, but roughly 6 out of that 8 
tones come from peat soil. In this cases, the extraction of the wood will 
indicate an indirect way to export peat to other uses, so depending on 
the end-use of this wood, the productive system cannot be considered a 
sink of carbon, not even a carbon neutral source of raw materials. For 
this investigation, there are still no precise data about methane emissions 
whatsoever, but in terms of N2O 7-11 Kg ha-1 yr-1, which remain this 
kind cultivation in the lower range of agriculture land for this kind of soil 
conditions, clay soil will emit 1-2 Kg. Then, this kind of soils are more a 
net source than a sink of GHG emissions, and the DOC contribution is 
still unknown. This kind of forests represents 1/3 of all drained forests. 
There are estimations that afforested organic soils represent about 18% 
of the total Swedish anthropogenic N2O emissions, the rest is roughly 
agriculture. 
Dissolved organic carbon drainage itself can be cosidered alone as a 
“black box” and be succesfully modelled, or it could be coupled to any 
user-defined set of driving variables. DOC and runoff can be accurately 
modeled in macro scale hydrological models, but vegetation-related 
processes is most of the times poorly represented, and the relations 
between vegetation and water are not described in a mechanistic way. 
Long term accuracy and robustness of this models will be ultimatelly tied 
to the capacity of the tool to respond to environmental changes over 
time. 

1.1.3. Operational definition of DOC 
Dissolved Organic Matter (DOM) is present in all ecosystems in differ-
ent ways. It varies in size and shape, from simple aminoacids to complex, 
high molecular-weight DOM. In a homologus way, Dissolved Organic 
Carbon is a generic concept to refer to a large amount of organic com-
pounds that may have a similar behavior in the environment. Conse-
quently, operational definitions vary widely among authors and with it 
the methodological approaches to obtain it. In general terms, DOM is 
sampled in the field by filtration, DOC is normally defined as the organic 
molecules that can pass through a filter of 0.2 or 0.45 µm (Fröberg, 
2004). However, the wide range of environments and the fast turnover 
of organic matter demand for caution in general for field studies, but 
specially when studying transport in the landscape, since organic matter 
is constantly in transformation in the environment (Zsolnay, 2003). 
Notice that for C balance accounting purposes, DOC has been 
traditionally measured as the fraction transported by streams, however 
this does not account its role DOC in internal system turnover which 
can be significantly higher, particularly in northern latitudes (Neff & 
Asner, 2001). 

1.2. DOC transport in the landscape 
In general terms a catchment could be definded as an area of land from 
which the the rain flows to a particular discharge point, note that this concept in-
clude also subcatchments which could be draining to a bigger one.  
Catchments could also be viewed as a mosaic of landscape types, where 
each landscape is the result of a combination of the the landscape ele-
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ments: vegetation, soils, topography and geology. All this elements influ-
ence the hydrological cycle, influencing the runoff at site, and ultimately 
establishing different hydrological pathways for streamwater. This organ-
ization result in a dynamic and complex hydrology depending on season-
ality, flow conditions and stream size and is not yet fully understood 
(Laudon et al, 2007).   

1.3. Existing models for DOC transport 
Several empirical and mechanistic models have been used to understand 
and explore the effects that different contributing factors can have over 
DOC transport. Most of them treat the DOC transport at a local scale, 
though there are recent efforts to develop process-based, landscape-
integrated models. In the following paragraphs a short description of the 
most relevant existing models for DOC transport considered for this 
study are presented. 
The first study to be presented was performed by Monteith et al (2007) 
and had the objective to identify the most relevant variables among a 
large number of sites influencing interannual percentual changes median 
DOC concentrations, %ΔDOC at a regional scale. They used data from 
local monitoring water bodies and streams in the period 1990 – 2004 to 
run a stepwise multiple regression with changes in annual trends and/or 
median values of chemical indicators of interest, such as ANC, SO42, CL-

, NO3-, H+, base cations, aluminium, among others. Results of the study 
have found that %ΔDOC is inversely related to changes in sulphate con-
centration, ΔSO42- and Chloride concentration, ΔCL-. Since both anions 
in boreal ecosystems are highly correlated with their concentration in 
deposition this suggest that higher DOC concentrations found in nordic 
streams and lakes could mean a return to preindustrial levels as a result 
of gradual decline in the sulphate and chloride content of atmospheric 
deposition. This results are in accordance with a similar and independent 
study in Norway performed by de Wit et al (2007). This study used 3 
sites and a smilar method with empirical methods to find relationships 
between observed discharge, climatic variables and deposition. Results 
pointed to NO3 and SO4 as the key variables explaining long term de-
crease in DOC concentrations at all sites.  
Another model, presented by Neff and Asner (2001) proposes a layered 
model for SOM cycling, with emphasis in describing the relationships 
between DOC and biological and physical processes. The model consid-
ers mechanisms for DOC generation, consumption and stabilization so 
as the ecosystem biological production and respiration and physical pro-
cesses such as water transport and sorption. 
The Riparian Flow-concentration Integration Model, RIM (Siebert et al, 
2009) is another model to calculate DOC flow to the stream, in this case 
using the riparian zone as the modelled object. 
The idea behind the model to catch the water and solute transport varia-
tions as a result of flow in different depths within a representative soil 
profile, and then explain runoff to streamwater changes. This is done by 
using the following equation:  

𝐸𝐸 =  𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∙ 𝑄𝑄 =  � 𝑞𝑞𝑠𝑠𝑟𝑟𝑟𝑟(𝑧𝑧)
𝑧𝑧

𝑐𝑐𝑠𝑠𝑟𝑟𝑟𝑟(𝑧𝑧)𝑑𝑑z 

Where E [mg s-1] is the DOC export to the stream, Cstream [mg l-1] is 
the stream DOC concentration, Q [l s-1] is discharge, qrip(z) is a function 
describing flow as a function of depth in the soil, Crip(z) is the DOC soil 
solution concentration as a function of depth and z [m] is soil depth. 
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Both water discharge against depth and DOC concentration against 
depth functions are exponential funcitons. Model parametrization can be 
made based on data of the functional relationship between groundwater 
levels and streamflow and agains DOC concentration in the soil profile 
data. Most important assumptions of the model is that lateral flow only 
occurs in saturated soils below the water table, and that there is a unique 
relationship between groundwater level and streamflow.   
An application of this model presented by Winterdahl  et al (2011), used 
the RIM model to evaluate hydrological control and other factors that 
can affect DOC discharge to streams in the Swedish Integrated Monitor-
ing catchments. Modelled hydrological control over DOC discharge ex-
plained from 36% to 61% of the DOC dynamics in the IM sites, with 
northern catchments showing stronger hydrological control. Other 
meaningful factors correlated with the residuals were soil temperature, 
deposition of sea salt and antropogenic suphate.  
The DyDOC model (Michalzic et al, 2003), designed to describe the de 
carbon dynamics, with emphasis in DOC and with the feature of adjust-
ing the model  with 14C data, providing the user with information about 
plant-soil-water system with cycling time data. It proposes a single, 3 lay-
er soil profile, each considering metabolic transformations and sorption 
processes occurring in 3 carbon pools. Organic carbon enters the soil 
profile as thorughfall DOC, root exhudates or as aboveground litter to a 
temporary “substrate” pool, which can be transformed into 2 mobile 
humic fractions representing hydrophilic fulvic acids (Hum-1), hydro-
phobic fulvic acisds (Hum-2) or an inmobile, humic acid + aged humin 
pool (Hum-3). Organic carbon transport is linked to water transport, 
which has a similar design to the HBV model. DyDOC considers also 
first-order metabolic respiration for the 3 hummus pools, depending on 
a parameter and soil tempeture. Sorption is considered as an equilibrium 
partition coefficients and is proportional to the DOC concentration in 
the soil solution (micropore). An application of this model in Germany 
and Norway including a parametrization of the model in 2 catchments 
where 14C was released during the 60’s, assuming a steady-state. Results 
show that the C supply to the soil pools rely on easy-leachable hummic 
substances, but in the soil carbon pools C turnover rates depend strongly 
on sorption processes. A later study with extensively manipulations of 
14C Canada confirmed this information. In this site, with a steady state 
influx of 270 gC m-2 a-1, about 50 is leached to the A horizon, which 
holds the most important OC pool. Just a small fraction of 6 gC m-2 a-1 
pass to the B horizon, which has a slow turnover rate, and retains nearly 
all carbon that it gets (Tipping et al, 2012). 
Another model used to study DOC dynamics is the Integrated Catch-
ments Model for Carbon, INCA-C model, described by (Futter et al, 
2007) and applied to Canadian catchments. This is a process-based mod-
el developed specifically to simulate organic carbon processes at the 
landscape scale. It persue to incorporate the effects of spatial heteroge-
neity in catchments, effects of changing precipitation patterns, account 
for surface water flows of DOC and in-soil profile and in-stream organic 
carbon processes, among others. It contains a hydrological submodel 
with 3 surface and soil water pools in the soil profile, excluding deep 
groundwater. Each soil box have 3 organic carbon pools, i.e: Soild Or-
ganic Carbon (SOC), Dissolved Organic Carbon (DOC) and Dissolved 
Inorganic Carbon (DIC). This setup leds to the user to characterize 2 
different soil layers for each land cover type. Water and solute transport 
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are represented as first-order differential equations. Transfers between 
carbon pools are considered as first order processes.  
An application of the INCA-C model in Swedish Integrated Monitoring 
sites is described in Futter et al (2011), to simulate DOC dynamics in the 
1996 – 2008 period at the 4 Swedish IM sites. Results indicate that 
northern sites, with higher hydrological seasonality due to snowmelt, 
DOC discharge is primary controlled by water flow. Soil-temperature re-
lated effect is identifiable at all sites. Long-term trends in DOC discharge 
can be explained through combined increment in temperature and de-
crease in atmospheric SO4- deposition. Nevetheless, results do not re-
produce satisfactory observed soil water DOC.  
Despite the recent efforts to reproduce and simulate DOC discharge 
from forested catchments, and the moe recent development of process-
based models, there is no yet register of the application of a mechanistic 
model to simulate DOC discharge in a foreted catchment. The applica-
tion of a mechanistic model can help to deeper the understand of physi-
cal processes influence in DOC dynamics, short-period responses to en-
vironmental changes; and to understand the interactions of different 
processes and parts of the ecosystem (i.e. canopy-snow, long term vege-
tation control over OC production). 

Objectives  
The main objective of this work is to explore the extent of physical con-
trol and hydrological pathways for DOC discharge, and the relation to 
the biological control of DOC production as well as key biogeochmical 
retention processes in a boreal forest region by using detailed measured 
data from the steam water and a simulation approach representing a 1D 
soil profile. Looking to answer the following specific questions: 
 How will boundary conditions like drainage length, slope and hydraulic 

propersties influence the flow paths and hydrology of 2 different envi-
ronments within a catchment.  
 To what extent is the DOC production controlled in the long term by 

vegetation activity (production, respiration, dormancy-related processes 
that imply carbon and nitrogen mobilization)? 
 How relevant are soil organic carbon pools and sorption processes in 

buffering mobile DOC concentration? 
To simulate the DOC transport and discharge in a slightly forested slope, 
by using 2 different setups of a 1D numerical model that represents the 
most important physical processes occurring in the soil profile. 
 

2. METHODOLOGY 
2.1. Conceptual model 

For this project, the mechanistic CoupModel was parametrized to simu-
late water and carbon fluxes in the Krycklan Catchment, according to the 
stated objectives. The basic principles of the model are the law of con-
servation of mass and energy. Water and energy fluxes occur as a result 
of gradients, according to Darcy and Fourier´s law, respectively. 
Meteorological information served as driving variables for all the pro-
cesses happening on the system for both energy and water inputs and al-
so drove plant water and organic processes. 
In this model DOC transport is governed by water flow, according to 
the instrumental definition of DOC by (Zsolnay, 2003). In this water and 
energy-transport-dominated model, a series of physical reactions and 
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biological processes and transformations will retain, add or retire organic 
matter from the different storages, and thus they will be considered in-
side each of them when relevant. 
Description of the conceptual model: Figure 2 resumes the conceptu-
al model of the DOC storages and fluxes considered in this project, in 
concordance with the general model for DOC presented by Neff & 
Asner (2001).  

 
Figure 2.  Simplified 1D conceptual model for water and carbon 
fluxes accounted in this project. 

 
Water enters the system as precipitation either in form of water or snow, 
where it can be stored in the snowpack. Then, liquid water will enter the 
soil or will make surface runoff depending on slope and soil characteris-
tics. Water storaged in soil can be uptaked by roots, it can flow vertically 
or horizontally, forming soil drainage. 
Energy enters the system as absorbed radiation by plants, or as la-
tent/sensible heat, interacting with the water present in the soil surface, 
snowpack and leaf-surfaces as evapotranspirative force and therefore 
participating in the photosynthesis process.  
The primary production takes place in two layers of plants, one repre-
senting a norway spruce stand and an understory and will be proportion-
al to the radiation asorbed by the canopy (radiation use efficiency ap-
proach) and limited by water, temperature and nitrogen. This plants are 
also responsible for water uptake from the soil profile, wich occurs from 
specific layers depending on root distribution and water potential. New 
assimilated atmospheric carbon enters plant carbon pools in the C New 
Mobile pool, and then is allocated into the different parts of the plant. 
Plant and Soil organic carbon pools respiration processes will represent 
the exits of this organic carbon together with DOC drainage. Plant litter-
fall will add organic carbon and nitrogen to the soil surface (in the cases 
from leafes) which in this model is called Surface litter, and will later be 
transformed to the different litter pools. Another way to plant litterfall 
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enter the litter pools is through root litterfall, which takes place in con-
cordance with root distribution in the soil profile. 
Soil profile is divided into 16 layers, each one storaging and exchanging 
energy, water, cabon and nitrogen. Energy, water and mobile carbon 
fluxes occur as a result of gradients between the adjacent soil layers and 
depends on the parametrization based references and calibrated parame-
ters. 
Oranic carbon in the surface litter pool can be either respirated or trans-
formed to a fast cycling Litter 1 pool or a slower cycling Litter 2 pool, or 
as DOC, which can be transported vertically within the soil profile, 
sorpted to a specific soil layer, hummified or drainaged from the soil 
with the generated runoff.  
In the following sub sections, the most relevant physical processs used in 
this project are described, in concordance with the CoupModel setup, 
and the descriptions stated in (Jansson & Karlberg, 2011). 

2.1.1. Soil heat and water transfer 
In the soil profile, heat and water fluxes and storages are accounted in a 
series of soil layers (n = 16 for this project). Heat transfer between the 
soil layers is taken into account as a result of conduction and convection 
gradients (Eq 2.1): 

𝑞𝑞ℎ  =  −𝑘𝑘ℎ
𝜕𝜕𝜕𝜕
𝜕𝜕𝑧𝑧

+ 𝐶𝐶𝑤𝑤𝑇𝑇𝑞𝑞𝑤𝑤 + 𝐿𝐿𝑣𝑣𝑞𝑞𝑣𝑣  (Eq 2.1) 

Where indices h, v and w mean heat, vapour and liquid water [m3]; q is 
heat flux [J m-2day-1], k is thermal conductivity [J m-2 day-1], T is soil tem-
perature [°C], C is heat capacity [J m-3 °C-1], L is latent flow [J m-2 day-1] 
and z is depth [m]. The CwTqw term represents the convective flow, 
which in this case was neglected. 
Water flow is accounted individually as laminar flow in each soil layer 
and therefore it could be computed by using Darcy’s Law, following 
Richards equation: 

𝑞𝑞𝑤𝑤 =  −𝑘𝑘𝑤𝑤 �
𝜕𝜕𝜕𝜕
𝜕𝜕𝑧𝑧
− 1� − 𝐷𝐷𝑣𝑣

𝜕𝜕𝐶𝐶𝑣𝑣
𝜕𝜕𝑧𝑧

+ 𝑞𝑞𝑏𝑏𝑏𝑏𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠  (Eq 2.2) 

Where kw is the unsaturated hydraulic conductivity [mm day-1], ψ is the 
water tension [pF], zis the depth [m], Cv is the vapour concentration in 
soil air [%], Dv is the diffusion coefficient for vapour in the soil and qby-

pass is the bypass flow in the macro-pores (not taken into account for this 
project). 
The general equation for unsaturated water flow follows from the law of 
mass conservation and Eq 2.3 

𝜕𝜕𝜕𝜕
𝜕𝜕𝑠𝑠

= −𝜕𝜕𝑞𝑞𝑤𝑤
𝜕𝜕𝑧𝑧

+ 𝑠𝑠𝑤𝑤   Eq 2.3 

Where θ is the soil water content and sw is a source/sink term. When soil 
profile is over-saturated and/or when lateral water flow occurs, water 
flow can go upwards, and when reaching surface leventhen is added to 
the total surface runoff (other variable taken into account). 

2.1.2.Plant representation 
Organic carbon influx to the system is driven by primary production in 
the vegetation, which is in turn driven by heat and water dynamics. In 
this model, 2 layers of plants are represented in an explicit and inde-
pendet way (explicit big leaves in CoupModel description). Plant water, 
carbon and nitrogen processes are function of plant state variables (bio-
mass, growth stage, etc) in each box instead of fixed or table values. 
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Each plant has 5 main pools of carbon, plus 5 pools of Nitrogen i.e. 
Leaf, Stem, Roots, Grain and Mobile. The mobile pool is used as transi-
tory storage for new assimilated carbon and for high demand periods, 
such as foliation. Additionally, Leaf, Stem and Roots pools are divided 
into 2 sub-pools differentiating new and old carbon, which are consid-
ered as different for CN ratio partitioning and respiration rates. 
Total plant growth, Catmais represented as new carbon assimilation as a 
product of photosynthesis, which is in this case a function of radiation 
absorbed by the canopy, Rs,pl and limited by temperature f(Tl), nitrogen 
f(CNl) and water deficit f(Eta/Etp). All limiting functions are multiplying 
the plant growth by a factor [0 -1]. 

𝐶𝐶𝐴𝐴𝑠𝑠𝑠𝑠→𝑠𝑠 = 𝜀𝜀𝑙𝑙𝜂𝜂𝜂𝜂(𝑇𝑇𝑙𝑙) 𝜂𝜂(𝐶𝐶𝐶𝐶𝑙𝑙) 𝜂𝜂 �𝐸𝐸𝑡𝑡𝑡𝑡
𝐸𝐸𝑡𝑡𝑡𝑡
�𝑅𝑅𝑠𝑠,𝑟𝑟𝑙𝑙  (Eq 2.4) 

Where εL is the radiation use efficiency factor and η is the conversion 
factor from biomass to carbon. 
Plant lifecycle stages and litterfallis calculated as a function accumulated 
day mean temperature over/under threshold values, respectively. In ac-
cordance with the degree-day approach (Penmann, 1948). 
Mobile carbon is allocated to the different pools of the plant as a func-
tion of previous carbon pool size and is influenced by the shoot mass of 
the plant, CN ratio of leaf and water stress.The size and shape of grow-
ing plants, organic carbon allocation rates, as well as transformation, res-
piration rates and litterfall rates are some of the parameters that must be 
set in the model calibration process.  

2.1.3.Other abiotic processes (soil evaporation, snow and radiation) 
Surface water flow, soil-atmosphere heat and water exchange is de-
scribed in the model also by means of physical relationships, as well as 
snow dynamics.  
Evaporation from the soil surface Es (as well as all related radiation pro-
cesses in this conceptual model) is calculated based on the empirical ap-
proach by (Penmann, 1948) are the energy available at the soil surface 
(Rns-qh), is used to calculate the evaporation (Es) as a result of latent heat 
flux LvEs: 

𝐿𝐿𝑣𝑣𝐸𝐸𝑠𝑠 =
Δ(𝑅𝑅𝑛𝑛𝑛𝑛−𝑞𝑞ℎ)+𝜌𝜌𝑡𝑡𝑐𝑐𝑡𝑡

𝑒𝑒𝑛𝑛+𝑒𝑒
𝑟𝑟𝑡𝑡𝑛𝑛

Δ+𝛾𝛾�1+𝑟𝑟𝑛𝑛𝑛𝑛
𝑟𝑟𝑡𝑡𝑛𝑛

�
   (Eq 2.5) 

Where Δ is the slope of saturated vapour pressure versus temperature 
curve [Pa K-1]. ρa is mean air density [g m-3], cp is air heat capacity [J Kg-1 
K-1], ras is the aerodynamic resistance and rss is the soil surface resistance 
[s m-1], es+eis the vapour pressure deficit to saturation in the air [Pa]. 
The terms γ, psychrometric and Lv, latent heat of vaporization are con-
stant.  
This equation was originally formulated to describe the evaporation from 
an open water surface, and later developed to describe the evapotranspi-
ration from series of different agricultural cultives, based on evapotran-
spiration of a reference surface (Monteith, 1965). General parametriza-
tion of this comes with the model’s default values, further customization 
could be done by means local references or by calibration. 
Snow is not just a water storage, it also to have relevant influence in soil 
heat and water fluxes due to its insulation effect, and therefore also in 
organic processes in the soil profile.  
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In this project, snowmelt is calculated by using an empirical model of the 
the combined influence of temperature, MT, solar radiation MR, and the 
soil surface heat flow qh(0) 

𝑀𝑀 =  𝑀𝑀𝜕𝜕𝑇𝑇𝑠𝑠 + 𝑀𝑀𝑅𝑅𝑅𝑅𝑟𝑟𝑠𝑠 + 𝑓𝑓𝑞𝑞ℎ𝑞𝑞ℎ(0)
𝐿𝐿𝑓𝑓

   (Eq 2.6) 

Where Ta is air temperature, Ris is global radiation, fqh is a scaling coeffi-
cient and Lf is the latent heat of freezing. The MT and MR terms repre-
sent functions depending on parameters and the age of snow an indirect 
indicator to account for albedo reduction. 
In order to calculate radiation absorption by plants (Rabs), incoming radi-
ation to canopy (Rin) should be partitioned to calculate net radiation 
availability for each plant layer and for soil surface. For this purpose, a 
geometric approach using partial leaf area for each plant and a general 
light use extinction coefficient krn was used, represented by equation 2.7 
and 2.8. Here,  

𝑅𝑅𝑠𝑠𝑏𝑏𝑠𝑠 𝑟𝑟,𝑗𝑗,𝑘𝑘 = �1 − 𝑒𝑒−𝑘𝑘𝑟𝑟𝑛𝑛∑ 𝐴𝐴𝑙𝑙 𝑖𝑖,𝑗𝑗,𝑘𝑘𝑗𝑗 � 𝐴𝐴𝑙𝑙 𝑖𝑖,𝑗𝑗,𝑘𝑘
∑ 𝐴𝐴𝑙𝑙 𝑖𝑖,𝑗𝑗,𝑘𝑘𝑗𝑗

𝑅𝑅𝑟𝑟𝑖𝑖 𝑟𝑟,𝑘𝑘   (Eq 2.7) 

 
In the formula 2.7, Al i,j,k represent the partial leaf area of horizontal seg-
ment i, for plant j and vertical segment k, which can be calculated as: 

𝐴𝐴𝑙𝑙 𝑟𝑟,𝑗𝑗,𝑘𝑘 = 𝐴𝐴𝑙𝑙,𝑗𝑗
𝑓𝑓𝑐𝑐𝑐𝑐 𝑗𝑗

∆𝐻𝐻𝑖𝑖
𝐻𝐻𝑖𝑖

   (Eq 2.8) 

Where Al,j is the total leaf are index [m2] of plant j, fcc j is the factor rep-
resenting the dregree of surface canopy cover, ΔHiis the heigt segment i  
for calculations. 

2.1.4.Soil organicprocesses 
Prior to the organic carbon and nitrogen flux from leafs and stems of 
both plant layers can enter the soil organic pools the pass by an interme-
diate, inactive pool called surface litter, and then they enter the Litter 1, 
Litter 2 and Hummus pools in the top soil layer in a constant rate:  

𝐶𝐶𝑆𝑆𝑆𝑆𝑠𝑠𝑓𝑓𝑠𝑠𝑐𝑐𝑠𝑠𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠→𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠1 =  𝑙𝑙𝑙𝑙1 ∙ 𝐶𝐶𝑆𝑆𝑆𝑆𝑠𝑠𝑓𝑓𝑠𝑠𝑐𝑐𝑠𝑠𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   (Eq 2.9) 
The parameters ll1, ll2, lh define the transfer rate for C and N to the Lit-
ter1, Litter2 and Hummus pools, respectively. Root litterfal is this model 
is incorporated directly to the Litter1 pool, also with a fixed value for 
each root pool. 
Organic carbon and nitrogen decomposition and mineralization by mi-
crobes in the soil profile is taken into account using an implicit-first or-
der kinetics approach with influence of temperature and soil moisture: 

𝐶𝐶𝐷𝐷𝑠𝑠𝑐𝑐𝐷𝐷𝑠𝑠𝑟𝑟𝐿𝐿1 = 𝑘𝑘𝑙𝑙1𝜂𝜂(𝑇𝑇)𝜂𝜂(𝜃𝜃)𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠1   (Eq 2.10) 
Where kl is the first order kinetics parameter for Litter decomposition, 
f(T) and f(θ) are the response functions for temperature and soil water 
content, respectively. The same approach is used for Litter2 and Hum-
mus pools. 
The decomposed orgnic matter could be either converted into CO2 
(through respiration), could be transferred to other soil organic pool; i.e. 
Hummus or DOC, or it could be recycled into the same soil organic 
pool. The relation to simulate the decomposed organic carbon distribu-
tion are calculated using efficiency parameters:  

𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠→𝐶𝐶𝐶𝐶2 =  �1 − 𝜂𝜂𝑠𝑠,𝑙𝑙� ∙ 𝐶𝐶𝐷𝐷𝑠𝑠𝑐𝑐𝐷𝐷𝑠𝑠𝑟𝑟𝐿𝐿   (Eq 2.11) 

𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠→𝐻𝐻𝑆𝑆𝑠𝑠𝑠𝑠𝑆𝑆𝑠𝑠 = 𝜂𝜂𝑠𝑠,𝑙𝑙𝜂𝜂ℎ,𝑙𝑙 ∙ 𝐶𝐶𝐷𝐷𝑠𝑠𝑐𝑐𝐷𝐷𝑠𝑠𝑟𝑟𝐿𝐿   (Eq 2.12) 

𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠→𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝜂𝜂𝑠𝑠,𝑙𝑙�1− 𝜂𝜂ℎ,𝑙𝑙� ∙ 𝐶𝐶𝐷𝐷𝑠𝑠𝑐𝑐𝐷𝐷𝑠𝑠𝑟𝑟𝐿𝐿   (Eq 2.13) 
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Where fe,l and fh,l are the efficiency parameters. Analogous equations are 
used to calculate decomposed organic carbon fluxes from Litter 2 pool. 
Hummus pool on the other hand have only respiration-related outflow 
(Eq 2.11).  
Nitrogen fluxes from Litter 1 and Litter 2 pool are calculated considering 
a common CN ratio, representing microbial sensitivity to nitrogen defi-
cit, cnm: 

𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠→𝐻𝐻𝑆𝑆𝑠𝑠𝑠𝑠𝑆𝑆𝑠𝑠 =  𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠→𝐻𝐻𝑆𝑆𝑠𝑠𝑠𝑠𝑆𝑆𝑠𝑠 𝑐𝑐𝑐𝑐𝑠𝑠�     (Eq 2.14) 
In the same way, Mieralization/inmobilization of nitrogen is calculated 
by using the CN ratio of the source pool (CNLitter1, CNLitter2 or CNHum-

mus): 

𝐶𝐶𝑆𝑆𝐷𝐷𝑆𝑆𝑠𝑠𝑐𝑐𝑠𝑠𝑆𝑆𝐷𝐷𝐷𝐷𝑙𝑙→𝑁𝑁𝐻𝐻4 =  𝐶𝐶𝐷𝐷𝑠𝑠𝑐𝑐𝐷𝐷𝑠𝑠𝑟𝑟𝑆𝑆𝐷𝐷𝑆𝑆𝑠𝑠𝑐𝑐𝑠𝑠 �
1

𝐶𝐶𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑐𝑐𝑒𝑒𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙
− 𝑓𝑓𝑒𝑒,𝑙𝑙

𝑐𝑐𝑖𝑖𝑚𝑚
�   (Eq 2.15) 

Dissolved Organic Carbon and Nitrogen 
Litter and Hummus contained in the soil profile is considered inmobile, 
but the soil water normally contains a fraction of organic matter that 
could be transported vertically and horizontally with water. Those pools 
in this case are called Dissolved Organic Carbon and Nitrogen (DOC 
and DON, respectively). Notice that DOC and DON are considered ac-
tive organic pools, and therefore they could be either complexed again to 
inmobile pools (i.e. Hummus), or could be chemically bounded to the 
soil particles by sorption. 
The flux of organic matter form Litter to Dissolved Organics pool is 
similar to the decomposition of organic matter, implicit first order kinet-
ics approach: 

𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠→𝐷𝐷𝐶𝐶 = 𝑑𝑑𝐷𝐷𝐶𝐶𝐿𝐿1𝜂𝜂(𝑇𝑇)𝜂𝜂(𝜃𝜃)𝐶𝐶𝐿𝐿𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠1    (Eq 2.16) 
Where dDOL1 is the rate coefficient for Litter 1 to Dissolved Organics 
pool and f(θ), f(T) are the response functions for water and temperature, 
respectively. A similar equation is used to calculate flux to DO pool form 
Litter 2 pool by changing the source pool and the rate coefficient param-
eter, dDOL2. 
Since the dissolved organic matter could be inmobilized again in the 
hummus pool, with different rates depending for each soil layer, a slight-
ly different function is used: 
𝐶𝐶𝐻𝐻𝑆𝑆𝑠𝑠𝑠𝑠𝑆𝑆𝑠𝑠→𝐷𝐷𝐶𝐶 = 𝜂𝜂(𝜃𝜃)𝜂𝜂(𝑇𝑇) ∙ (𝑑𝑑𝐷𝐷𝐶𝐶𝐻𝐻𝐶𝐶𝐻𝐻𝑆𝑆𝑠𝑠𝑠𝑠𝑆𝑆𝑠𝑠 − 𝑑𝑑𝐷𝐷𝐶𝐶𝐷𝐷(𝑧𝑧)𝐶𝐶𝐷𝐷𝐶𝐶)   (Eq 

2.17) 
Where dDOH is the rate coefficient from hummus to DOC and dDOD(z) is 
the rate coefficient for organic matter flux from the dissolved organics 
pool to the hummus pool, the equation is similar to calculate nitrogen 
flux. 
Vertical transport of Dissolved Organic Carbon and Nitrogen is calculat-
ed by advective flow (Eq 2.18). A sorption parameter dDOMobile, was in-
cluded in the same logic as the first order reaction, to represent un-
sorpted fraction of Dissolved organics in the soil profile: 

𝑞𝑞𝐷𝐷𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐷𝐷𝐷𝐷(𝑧𝑧)
𝜕𝜕(𝑧𝑧)Δz∙𝑑𝑑𝐷𝐷𝐷𝐷𝐷𝐷𝑆𝑆𝐷𝐷𝑖𝑖𝑙𝑙𝑒𝑒

∙ 𝑞𝑞𝑤𝑤   (Eq 2.18) 

Where qw is water vertical flow. Same equation is used to calculate nitro-
gen solute transport. Finally, DOC and DON outflow is computed as re-
lated with water drainage from each soil layer or deep percolation from 
the last soil layer. 
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2.2. The Krycklan catchment site 
Physical description of the Krycklan Catchment site: 
The site is located aproximatelly 50 km northwest of Umeå, in northen 
Sweden (64º, 14’N, 19º46’E). Research activities in the original 50 ha 
Svartberget experimental site are older than 100 years, formally estab-
lished as a research forest in 1980 and with daily registers for water dis-
charge available from 1981. In 2002 the site was expanded to the actual 
size of 6790 ha. For this project, only data from the Svartberget sub-
catchment was used, because it allows long time-series analysis. The 
mineral soils dominated by glacial till (51%) and sorted sediments (30%) 
over a bedrock of (94%) Svecofenianmetasediments /metagraywacke 
with small portions of other rocks (Laudon et al, 2013). 
A map of the Krycklan Catchment location in Sweden and the experi-
mental sites is presented in Figure 3. 
 

 
Figure 3. Site location in Sweden (left) and map of the Krycklan 
catchment and Svartberget subcatchment (right). Image credits 
Laudon et al (2013). 
 
The climate in the Svartberget catchment is describe as cold temperate 
humid type with persistent snow cover during the winter season. Mean 
annual temperature from the research startion records is 1.8ºC. Mean 
annual precipitation is 614 mm. Anual mean runoff is 311 mm, which 
means an average annual evapotranspiration of 303 mm.  
Streamwater flow has been registred with hourly resolution in a heated 
gauging station at the Svartberget outlet (C7) from 1981. In 2011, heated 
gauging stations were also installed in sites C2 and C4. 
Measurements of basic chemical parameters pH, major cations and ani-
ons, plus dissolved and / or total organic carbon have been measured in 
site 7 from 1985. In total, over 12000 streamwater samples from Svart-
berget catchment have been analyzed, an important deal of them from 
Site 7. 
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Figure 4. Svartberget picea abies forest (upper left), mire photo (monitored in site C4) 
(upper right) Outlet (Site C7) monitoring station (lower left) and gauging station of Site C7 
(lower right). 

2.3. Input data 
The period to analyze then its form 1990-01-01 (beginning to meteoro-
logical register) to 2012-12-31 (end of runoff data). 

2.3.1.Meteorological data 
Time series of temperature and precipitation are open information taken 
from the Krycklan catchment website, this includes 24hr accumulated 
precipitarion and daily average temperature for the period 01-01-1981 to 
31-12-2013 (total of 11719 registers). Missing values (n = 7) were re-
placed with zeros. 
Other registers typically used as meteorological inputs were taken from 
the Degerö wetland (7 km away from the Svartberget site) i.e. Global ra-
diation, air humidity and windspeed. The Degerö dataset used for this 
exercise contains hourly data (24 registers/day) of temperature [°C], 
global radiation [J] (instant measured every half an hour), air humidity 
[%], windspeed [m s-1] and precipitation [mm] for the period 01-01-1990 
to 31-12-2013 (total of 210408 registers). Air temperature showed some 
systematic differences between two nearby sites showing the problem 
with uncertainity input to the model (Figure 5).   
 



Production, Sorption and Pathways to DOC Flow in the Krycklan Catchment 

 

 21 

 
Figure 5. Yearly-accumulated daily mean temperature registers 
from Svartberget (blue line) and Degerö (black line) in the period 
Oct 2001 – Jan 2005. 
2.3.2. Stream water chemistry data 

Measurements of both DOC/DOM were taken in the Krycklan catch-
ment site 7 (Credits: SLU/Krycklan administration. Data publicly availa-
ble at the Krycklan catchment website). 
Organic carbon concentration data is available either as Total Organic 
Content (TOC), totalizing 852 registers before 2004-01-14, date when 
DOC concentrations became available for the first time for site 7. Dur-
ing that year, there are 29 registers, and then no data and only TOC until 
2011-01-18, where there are 39 registers until 2012-05-14. The total 
amount of registers of TOC for the Site 7 is 1012, between 1985-7-11 
and 2010-12-16. In the study period [1990-2012], considering both TOC 
and DOC there is a total of 945.  
Samples of stream organic carbon from site 7 correspond to both DOC 
and TOC. Nevertheless, according to Laudon et al, (2011), the particu-
late fraction of TOC is in average less than 0,6%. This suggests that for 
model calibration purposes both sources of information could be con-
sidered as valid data for DOC concentration. 

2.3.3. Discharge data 
Water discharge data from site 7 was used as validation variable for the 
simulations. Daily measured discharge from the 0,47 ha catchment was 
used for the simulations as the first validation variable [mm day-1]. 

2.4. Model parametrization 
Prior to model calibration process, a general parametrization of the 
simulation file to field conditions based on literature description was per-
formed. 

2.4.1.Soil hydraulic setup 
Soil profiles were created for sites 12 and 22. Pedofunctions were esti-
mated using the methodology originally published by (Rawls & 
Brakensiek, 1989) and the soil description originally published by 
Norden (1991) for Plateau and Downslope sites in Svartberget. The 
slope and drainage setup was based on information from Nyberg et al 
(2001). 
Soil profile was described in 16 layers with the upper and lower bounda-
ries described on Table 1, according to the setup described by Metzger et 
al. (2015). 

2.4.1. Vegetation 
The main goal was to reproduce a stable-growing forest stand with a 
permanent understory that would be able to reporoduce literature de-
scriptors conditions. A 20 years old perennial stand representing Piceaa 
bies with an understory was parametrized prior to calibration process. 
Stand colour, albedo and other characteristics described in Stähli & Jans-
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son (2001) were described in the parametrized seed files to fit the de-
scribed stands, the most relevant plant charactesistics for both sites are 
summarized in Table 2. 
 
Table 1. Soil profile layers used in this project. 

Soil layer # 
Range of soil depth 

[cm] 

1 0 – 0.04 

2 0.04 – 0.08 

3 0.08 – 0.12 

4 0.12 – 0.16 

5 0.16 – 0.2 

6 0.2 – 0.24 

7 0.24 – 0.28 

8 0.28 – 0.36 

9 0.36 – 0.6 

10 0.6 – 0.82 

11 0.8 – 1.06 

12 1.06 – 1.3 

13 1.3 – 1.76 

14 1.76 – 2.22 

15 2.22 – 2.8 

16 2.8 – 3.4 

This description is in accordance with the one originally described in the 
CoupModel vegetation database for Norway Spruce. 

2.4.1. Soil organics setup 
Prior to model calibration, a previous setup of soil organic parameters 
was made based on the information of general information of sorption 
of DOC in forest ecosystems of Neff and Asner (2001), the soil organic 
pools in boreal forests of Oni et al 2013, specific information of DOC 
pool in the Krycklan catchment of Tiwari et al, (2014). 
 
Table 2. Plant description in model parametrization. 
Characteristics Unit Site 12 Site 22 

Strata  Overstory Understory Overstory Understory 

Height  m 17-20 <1 17-20 <1 

LAI m2 m-2 ~4 ~2 ~4 ~2 

Interception capacity 
per LAI 

mm 0.2 0.2 0.2 0.2 

Surface resistance  s m-1 100 100 100 100 

2.5. Model calibration process 
The calibration process was organized in a stepwise mode, using the 
GLUE method and evaluating R2, ME and RMSE as main performance 
indicators. First, the soil heat and water flux dynamics were calibrated. 
This step includes soil hydraulics, water retention curve parameters as 
well as snowpack and soil freezing descriptors. The second step includes 
plant carbon and nitrogen dynamics. Despite there was a first characteri-
zation based on previous works, a calibration of the carbon and nitrogen 
pools was needed to reach long-term equilibria. Finally, soil carbon and 
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nitrogen pool dynamics were calibrated. The variables use for validation 
in the calibration process are presented on Table 3. 
 
Table 3. Validation variables for the project. 

Input data name CoupModel Output variable name Unit Description 

Drainage Total runoff mm day-1 Runoff measured at Site 7 

DOC Flux CTotDisOrgDrainage g C day-1 Calculated DOC discharge (S7)  

DOC S7 DissolvedCDrainConc mg C l-1 Measured DOC/TOC at Site 7 

DOC S2 DissolvedCDrainConc mg C l-1 Measured DOC/TOC at Site 2 
 
The main reason to use this approach is beacause by isolating the com-
ponents of the system allows a better understanding. Another reason to 
split the subsystems is that it is not convenient to have too many calibra-
tion paramenters in a single multirrun, because the number of possible 
combinations increase exponentially with the number of independent 
variables, and with it the demand for computational power. This fact re-
ceive the  special relevance when considering calibration against long 
time series with daily iterations, because each single simulation have 
about 8000 days of data and therefore simulation processes take long 
time.  

2.5.1.Soil heat and water flux dynamics 
Soil hydraulic parameters were calibrated against runoff for layers 1 – 11. 
The rest of the soil layers were kept constant since they show no water 
drainage after the preliminary setup for sites 12 and 22. The reference 
values of seed file were using a range of ±10% for calculations of the 
Brooks-Corey water retention curve parameters in a logatritmic scale: 
Lambda, Air Entry, Saturation, Wilting point and residual water; as well 
as Matrix and Total Hydraulic conductivity. Soil topography (length and 
slope parameters), were also set as parameters to calibrate. 
 
Table 4. Parameters included in the calibration of the soil heat and 
water flow dynamics group.  

Parameter (group) 
name Short explanation 

# of parameters 
used in the soil 
profile 

Used in # 
of Multi-
runs 

bTotal Conductivity  Total calculated hydraulic conductivity of layer n 11 2 

bMatrix Conductivity Matrix calculated hydraulic conductivity of layer n 11 2 

mAirEntry Calculated Air entry tension of the layer n 11 2 

DrainLevelMin Height difference of drainage 1 3 

DrainSpacing Length of the slope for drainage 1 3 

Lambda Measured pore size distribution index of the layer n 4 1 

Saturation Measured water content (vol%) at saturation 4 1 

FreezepointF0 Parameter d3 in the freezing temperature function 1 1 

FreezepointF1 Parameter d2 in the freezing temperature function 1 1 

FreezepointFWi Parameter d1 in the freezing temperature function 1 1 

OnlyRainPrecTemp Max temperature for snow precipitation 1 1 

MeltCoefSoilHeatF Contribution factor for ground heat flow on snow melting 1 1 

MeltCoefAirTemp Temperature coefficient in the snow melt function 1 1 

MeltCoefGlobRad Global radiation coefficient in the snow melt function 1 1 
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A first mutirrun (n =1400, 2 independent parameters) was performed 
with Matrix and Total conductivity parameters, then a second multirrun 
(n = 5600, 11 independent parameters) was performed with the same pa-
rameters. A third multirrun (n = 35280, 12 independent parameters) was 
performed, including soil water retention curve indicators (Air entry, 
Lambda, Length and slope, and 3 Freezing temperature function param-
eters, plus snowpack parameters. In Table 4 there is a list of the parame-
ters (number of paramerters for soil layers) calibrated in this group, a 
short explanation of the meaning of each and the number of multirruns 
in which were included. 
Table 5. Parameters included in the calibration of the Plant carbon 
and nitrogen dynamics group. 

Parameter (group) 
name Short explanation 

Leaf c1 (1) Constant value for allocation of mobile carbon to leaves. Tree canopy 

Leaf c1 (2) Constant value for allocation of mobile carbon to leaves. Understory 

Root CN c1 (1) 
Constant value for allocation of mobile carbon to roots in the re-
sponse function for nitrogen concentration in leaves. Tree canopy 

Root CN c1 (2) 
Constant value for allocation of mobile carbon to roots in the re-
sponse function for nitrogen concentration in leaves. Understory 

Root Mass c1 (1) 
Constant value for allocation of mobile carbon to roots in the re-
sponse function to shoot mass of the plant. Tree canopy 

Root Mass c1 (2) 
Constant value for allocation of mobile carbon to roots in the re-
sponse function to shoot mass of the plant. Understory 

Root Water c1 (1) 
Constant value for allocation of mobile carbon to roots in the re-
sponse function to water stress. Tree canopy 

C Leaf to Stem(1) Reallocation of carbon from leaf to stem. Tree canopy 

C Leaf to Stem(2) Reallocation of carbon from leaf to stem. Understory 

LeafRate1(1) Respiration rate of leaves, growing stage 1. Tree canopy 

LeafRate1(2) Respiration rate of leaves, growing stage 1. Understory 

LeafRate2(1) Respiration rate of leaves, growing stage 2. Tree canopy 

LeafRate2(2) Respiration rate of leaves, growing stage 2. Understory 

StemRate1(1) Respiration rate of stem, growing stage 1. Tree canopy 

StemRate1(2) Respiration rate of stem, growing stage 1. Understory 

StemRate2(1) Respiration rate of stem, growing stage 2. Tree canopy 

StemRate2(2) Respiration rate of stem, growing stage 2. Understory 

RootRate1(1) Respiration rate of roots, growing stage 1. Tree canopy 

RootRate1(2) Respiration rate of roots, growing stage 1. Understory 

RootRate2(1) Respiration rate of roots, growing stage 2. Tree canopy 

RootRate2(2) Respiration rate of roots, growing stage 2. Understory 

CoarseRootRate1(1) Respiration rate of coarse roots, growing stage 1. Tree canopy 

CoarseRootRate1(2) Respiration rate of coarse roots, growing stage 1. Understory 

CoarseRootRate2(1) Respiration rate of coarse roots, growing stage 2. Tree canopy 

CoarseRootRate2(2) Respiration rate of coarse roots, growing stage 2. Understory 

Root Water c1 (2) 
Constant value for allocationn of mobile carbon to roots in the re-
sponse function for water streess. Understory 

RateCoef_fRoot(1) 
Constant value for the re allocation of nitrogen from roots to leaf. Tree 
canopy 
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2.5.2. Plant carbon and nitrogen dynamics 
One multirun was performed to calibrate plant linear function’s alloca-
tion parameters for both plant indexes (n = 10800, 14 independent vari-
ables). Variables calibrated include: Respiration rates for growth stage in-
dexes 1 and 2 for leaves, stem, small and coarse roots; CN ratios for root 
carbon allocation, Root mass coefficients and Allocation from leaf to 
Stem. In the Table 5 there are  list of the parameters calibrated in this 
group, a short explanation of the meaning of each and the number of 
multirruns in which were included. 

2.5.3. Soil organics. 
Since references were not coinciding in relation to the size of soil organic 
pools for carbon and nitrogen stocks, a calibration of the different soil 
organic initial carbon and nitrogen pools. A multirrun (n = 6720, 8 inde-
pendent variables) was performed. Initial carbon pools of Litter 1, Litter 
2 and Hummus in the 16 soil layers was included. Sorption, Respiration 
rates and Transfer rates between the pools was considered, as well as 
Organic nitrogen uptake rates. Then a multirrun to calibrate Rate coeffi-
cient from DO to Hummus pools was finally perfomed (840 repetitions, 
4 independent variables). 
 
Table 6. Parameters included in the soil organics calibration group 

Parameter (group) 
name Short explanation 

# of parameters 
calibrated in the 
soil profile 

RateCoefDIssolved 
(n) Rate coefficient for fixation of DOC to Hummus, layers (1 – 9) 9 

DocSolutionFrac Soluble fraction of DOC (sorption) 1 
RateCoefHum-
musDis Rate coefficient for fixation transformation of Hummus to DOC  1 

RateCoefHummus Respiration rate of Hummus pool 1 

RateCoefLitter1 Respiration rate of Litter 1 pool 1 

RateCoefLitter1Dis Rate coefficient for fixation transformation of Litter 1 to DOC  1 

RateCoefLitter2 Respiration rate of Litter 2 pool 1 

RateCoefLitter2Dis Rate coefficient for fixation transformation of Litter 2 to DOC  1 

Upt OrgRateCoefH The maximum plant uptake rate of organic nitrogen from the humus pool 1 

Upt OrgRateCoefL The maximum plant uptake rate of organic nitrogen from the litter pool 1 

Init L1 C (n) Initial content in the Litter 1 carbon pool in the layer n 16 

Init L2 C (n) Initial content in the Litter 2 carbon pool in the layer n 16 

Init H C (n) Initial content in the Hummus carbon pool in the layer n 16 

Init L1 N (n) Initial content in the Litter 1 nitrogen pool in the layer n 16 

Init L2 N (n) Initial content in the Litter 2 nitrogen pool in the layer n 16 

Init H N (n) Initial content in the Hummus nitrogen pool in the layer n 16 

3. RESULTS 
First, partial results for the calibration process steps are presented, then 
model performance for runoff and DOC discharge are presented. Final-
ly, model´s most important aspects regarding DOC discharge are pre-
sented. 
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3.1. Partial results 
3.1.1. Soil parametrization 

Water retention capacity and soil hydraulics 
Intermediate results show that runoff patterns were strongly influenced 
by soil hydraulics and soil water retention curve parameters, and by ex-
tension they will influence DOC discharge as well. 

 
Figure 6. : R2 (x-axis), ME (y-axis) versus bTotal Conductivity for 
the first layer alone (taking all the rest with relative change to first 
layer, decrecent logarithmic scale). Best performane is obtained 
with values in the range (5000 - 15000).  
 
In Figure 6 the highest data density in the plotted region stays between 
0,47 and 0,51 in Runoff R2, and between -0,2 and -0,14 in ME, which is 
not the region were the values of interest are (upper-right corner). This 
makes easy to state that lower values of bTotalConductivity show better 
results, but they alse means a higher level of uncertainity. 
Notice that this figure corresponds to the first step in the soil hydraulics 
calibration: i.e. prior to the multirrun with variations within the soil pro-
file hydraulic conductivity, and therefore this values should not be taken 
into consideration as reference of calibrated values. Instead, calibrated 
values for both total and matrix hydraulic conductivity diverge im-
portantly from values presented here. 
Representation of the hydrological pathways: 
A further detailed description of both soil water retention capacity curve 
and soil hydraulics parameters in the soil profile led to characterization  
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Figure 7. Specific water drainage for accepted simulations (n=20 / 
5600; 22 years) in the calibration of hydraulic conductivity in the 
soil profile. Total runoff to performance indicators for accepted 
simulations ranged (R2 0,49 – 06; ME -0,14 -0,1375; RMSE 1,3 – 
1,5). 
 
of the hydrological pathways, which are the water flow representation 
over the different soil layers in the model. 
In Figrue 7, the specific discharge for the simulated soil layers [1 - 9] is 
arranged in a vertical way, so as the layer numbers. As it can seen, the 
highest specific discharges corresponds to layers 3 and 4 (8 – 16 cm 
depth), with average annual discharges of about 10 mm year-1 cm-1. Layer 
8 comes after these 2 layers, with a yearly mean specific discharge of ac-
cepted simulations averaging 8.03 mm year-1 cm-1. The lowest specific 
discharge corresponds to the ninth layer, with 0.39 mm cm-1 year-1. Lay-
ers deeper than 60 cm gave negligible water discharge in simulations (no 
deep percolation).  

3.1.2.Plant characterization 
Out of all the described parameters in the literature the only one that 
could not be reached by the model was a 6 LAI forest for the 22 year pe-
riod simulation. Regarding this, the parameter describing water uptake 
response to reduction in soil moisture (CritThresholdDry in the model) 
showed to play an important role in limiting plant transpiration during 
the dry season, increasing runoff by water uptake reposnse to water 
stress. 
Common sense dictates that a proper plant representation is important 
for long term balance in organic carbon cycling, where the carbon stocks 
in the forest mineral soil are not enough to buffer DOC discharge for 
long periods. Despite that, plant allocation parameters showed not to 
have a relevant influence neither in runoff nor in DOC discharge per-
formance indicators. Instead, initial nitrogen showed to play a relevant 
role in primary production, because of it’s limiting growth of  plant. Ei-
ther Uptake of organic nitrogen / nitrogen atmospheric deposition had 
to be switched on to keep the N content in balance for the plant sys-
tems. 

3.1.3.Intermediate results, soil organics 
Calibration process showed that sorption parameter is relevant for cali-
bration of DOC concentration in discharge, as it shows in Figure 8. In 
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the densely represented area of the figure (bottom right to middle right 
region) is possible to appreciate a general trend to increase of R2 and 
ME with sorption values between 0,4 and 0,7.  

 
Figure 8.  DOC discharge R2 value (x axis), ME (y axis) versus sorption value (z axis), the 
horizontal line represts 0 ME (values ranging -0,01 – 0,01).  

3.2. Model results 
Performance indicators for selected runs for both sites (site 22 and site 
12) over the 22 year period are presented in Table 7, while a section of 
the time series simulation for Runoff and DOC Cocnentration is pre-
sented in Figure 9.  
 
Table 7.  Performance indicators for selected simulations for sites 
22 and 12. 

    r2 ME RMSE 

Site 22 

Runoff 0.5179 -0.0293 1.4468 

DOC Discharge 0.4351 0.0007 0.0403 

DOC Conc 0.0034 3.7445 34.4766 

Site 12 

Runoff 0.5425 -0.0261 1.4384 

DOC Discharge 0.4060 -0.0050 0.0319 

DOC Conc 0.0028 2.8584 26.3009 

 
Despite the 22 year model, results showed unbiased results for runoff 
and DOC discharge – Mean Error and Root Mean Square Error – for 
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both sites, the results are lacking of the desired level of precision to 
match runoff and to a higher extent to math organic carbon discharge. 
On the other hand, Dissolved Organic Carbon Concentration is lacking 
of satisfactory results in all the 3 indicators. Reason why it is interesting 
to look more closely to the simulation results. 
It is important to mention that simulation of DOC concentration have 
for sites 12 and 22, 3 and 4 peaks of DOC concentration in the 22-year 
period, respectively, reaching a highest value of 600 mgC l-1 DOC. Due 
to format restrictions, it is not possible to show the complete time series 
in the document, reason to show a selected time period in the screen, 
considered to be fairy representative of time serie values under non peak 
concentrations. 
 

 
Figure 9.  Runoff [mm/day]  (Top): Measured site C7 (orange), Simulated site 12 (purple) 
Simulated Site 22 (blue). DOC concentration [mgC/l]  (Bottom): Measured site 12 (orange), 
Simulated site 12 (purple), Simulated Site 22 (blue).  

 
Considering this results, another calibration process was performed with 
a failry less extensive simulation process for a shorter period (1995 – 
1999) with base soil and plant calibrated parameters for site 12. Calibra-
tion performance indicators are showed on Table 8, while time series 
simulated values are presented on Figure 10. 
 
Table 8. Performance indicators for 5 year period simulation model 
for site 12 
 R2 ME RMSE 

Runoff 0.4518 -0.1767 1.514 

Disccharge 0.4452 0.001038 0.0439 

DOCConc 0.1217 1.7785 13.5281 

As it can bee seen on the Table 8, all performance indicators for DOC 
Concentration improve significantly once the peak concentration events 
are taken away, but especially R2, which increase in 12% with respective 
to the 22 year period. Poorer results for Runoff performance are ob-
tained because of initial content of water stored in the soil profile for this 
simulation was set up to zero, which gives as a result no discharge for the 
first simulated year. This also affects DOC discharge. 
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Figure 10. Runoff [mm/day]  (Top): Measured site C7 (orange), Simulated  site 12 (purple). 
DOC concentration [mgC/l]  (Bottom): Measured site 12 (orange), Sim-ulated site 12 (pur-
ple).  

 

3.2.1.Runoff calibration 
Figure 11 presents mean of calibrated residuals for a multirrun in site 22. 
In the figure it can be seen a pattern of overestimation of runoff prior to 
day 12 (as red peaks), followed by an underestimation of runoff after day 
120 (as blue peaks). It can be also noticeable that in the later years (2004 
and after) the pattern of over/underestimation was been intensified and 
moved a few days before. This situation is repeated in the output for site 
12, but with slightly higher and lower residuals (± 14 mm day-1v/s ±10 
mm day-1 in S22). 

3.2.1. DOC discharge calibration 
In a similar way to runnof calibration, Figure 12 presents the residuals 
for DOC Concentration calibration in the 22 year period for sites 22 (up) 
and 12 (bottom). In the figure it can be seen that, for site 22 all the high-
est discrepancies are oversestmations in the pre and after after snowmelt 
period, with the most extended overestimation period in the pre-
snowmelt event of 2004. A similar phenomena can be observed for site 
12, with the difference that here one more extreme event can be ob-
served at the end of 2001. 

3.3. DOC response to different events 
Figure 13 shows a resumes mean yearly OC fluxes between the most rel-
evant storages. Roughly half of the primary production returns back to 
thhe atmosphere as respiration, almost all the rest is accumulated stock 
in the plants and hummus. Litter pools trough the 22 year period Litter 
pools carbon stock stayed more or less steady. DOC outflows remains 
for about 5% of the total carbon influx to the system.  
 



Production, Sorption and Pathways to DOC Flow in the Krycklan Catchment 

 

 31 

 

 
Figure 11.  Day of the year (x-axis), year (y-axis) and Mean of residuals [mm day-1] , accept-
ed simulations from runoff in the multuirun Site S22 (up) and for site 12 (bottom). Cyan 
colour represents 0 residuals, warm colours represents overestimation and blue colours 
represent underestimations. 

 
DOC fluxes are strongly determined by the dynamics of organic carbon 
pools in the soil profile, especially on the transfer rate from Litter 1 to 
DOC and from DOC to Hummus pools (16 variables). In this case, for 
the 22 year period the most important sink of organic carbon in the sim-
ulated ecosystem is in the soil profile as hummus, even though there is 
also accumulation in as wood in both plant strata for both simulated 
sites. 
Figure 14 shows that, despite DOC to Hummus pool transfer rates differ 
in the soil profile, there is a consistently proportional response from the 
DOC pool in all layers each time they record a transfer form the Litter 1 
pool (which accounts for the most important OC transfers to the DOC  
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Figure 12. Residuals for selected simulation in site 22 (up) and 12 (bottom). X-axis corre-
spond to day of year, y-axis represent year and z-axis represent residuals. Cyan colour rep-
resent zero values, cold colours represent negative values and hot coloursrespresentposivive 
residuals. Values over 100 mgC l-1 were omitted to keep readable scales. 

 
pool), with the exception of the first layer, which is showed to have a 
more disperse pattern. This highlights the role of the hummus pool as a 
buffer to stabilize concentrations of DOC in the soil profile. Since there 
is a net accumulation of OC in the soil profile as hummus, most of the 
net daily flux occurs in a Litter 1  DOC  Hummus sequence. More-
over, this flux tends to be reversed when net Litter 1 DOC flux ac-
count for less than 0.04 g m-2 day-1, then occur most of the net Hummus 
 DOC transfers. 
Figure 15 shows the relation between variations in specific discharge per 
soil layer, measured as the difference in water drainage for a soil layer be-
tween 2 consecutive days per centimeter depth, versus the difference in 
mass of DOC discharge; the difference in mass discharge beween this 2 
consecutive days [gC m-2]. An increase in correlation can be observed 
with more depth. 
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Figure 13. Organic Carbon flux in the plant soil DOC in the site 2. 
 
 

 
Figure 14. Rrelationship between Organic Carbon fluxes from Lit-
ter 1 pool to DOC pool [g  m-2 day-1]  and from DOC to Hummus 
pool [g  m-2 day -1] .  
 
This figure shows that short term changes in DOC discharge can be as-
sociated with changes in runoff patterns with increasingly significant re-
lationship for the lower layers, the lower the soil layer the higher the hy-
drological control over DOC discharge. For the shallow layers a rather 
diffuse relationship between changes in water drainage and changes in 
DOC discharge can be observed, but for the lower layers, an increasing 
correlation can be observed. To illustrate this, a linear regression was 
performed for the ΔWater discharge v/s ΔDOC discharge. R2 for the 4 
– 8 cm depth is 0.58; for the 16 – 19 cm depth was 0.77; and for the 27 – 
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35 cm depth was 0.97. This means that short term changes in flow re-
gimes per hydrological pathway have more significance than changes in 
OC dynamics in explaining short term changes in DOC discharge. 
Finally, Figure 16 presents one of the peak concentration events in Site 
22. The peak concentration takes place in the soil just after a drougt 
event. When water drainage is interrupted during the autum – winter 
2003, DOC concentrations in the soil profile top layers 0 – 12 cm rec-
orded to drop to zero, and by snowmelt event they registered the peak 
concentration, which normalizes once regular water flow is reestablished. 
Similar situation happened in the middle soil layers 4 and 5; 12 – 19 cm 
depth. Notice that in this case DOC concentration in the lower profiles 
is not affected by soil drought. 
 

  

  
Figure 15. Variation in DOC discharge [gDOC m-2]  per daily variation in specific discharge 
[mm day-1 cm-1] . Top left is first soil layer (4-8 cm; R2=0.58); top right is second layer (4 – 8 
cm; R2=0.59); bottom left is layer 5 (16 – 19 cm; R2=0.77), bottom right is layer 8 (27 – 35 
cm; R2=0.97). 

4. DISCUSSION AND CONCLUSIONS 
4.1. About model performance 

Despite model performance for total runoff have shown satisfactory per-
formance indicators for both sites regarding ME and RMSE, and decent 
performance in R2, it’s performance is still lower than presented by oth-
er authors for similar sites (Tiwari et al, 2014). Nevertheless, it’s 
important to mention that the author don’t have knowlede of any other 
aplication of a mechanistic model for runoff and DOC dynamics for 
such a long time period. 
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Regarding organic carbon discharge, the model has satisfactory 
performance for ME and RMSE for mass discharge, but not a 
satisfactory R2 in both sites. And, as it has been presented before, there 
is no satisfactory performance for most DOC concentration simulations. 
Other important aspect to notice is that this model have shown to 
present equifinality. Different ensambles of accepted simulations present 
similar performances with a broad range of model setups for the same 
validation datasets. 

 
Figure 16. Water drainflow fluxes (left side) and DOC concentra-
tionsin the soil profile (right side) for 9 soil layers the period Oct 
2002 – Aug 2003. 
4.1.1. About runoff calibration 

There is a consistant overestimation of the runoff in snowmelt period 
(late April) followed by a constant underestimation of runoff in the early 
spring (May) period. This could mean that the model set up is not cur-
rently representing the actual soil water retention capacity, which in 
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terms of the model is represented by the Air Entry, Lambda and Hy-
draulic conductivity parameter tables. Despite that this is an identified is-
sue, the methodological decision to put a restriction of ±10% over field 
reported data in the GLUE calibration to keep model parametrization 
tied to observed values is limiting performance of the model. 

4.1.2.About DOC calibration 
Organic carbon stocks are in coherence with reported by other authors 
(Nyberg, Stähli, Mellander, & Bishop, 2001). Nevertheless, DOC dis-
charge for site 22 is about twice the reported by other authors (Tiwari et 
al, 2014). This is due to the model was calibrated against runoff and con-
centrations from the catchment outlet (Site 7), and therefore predictions 
for carbon fluxes are calibrating to match situation at the catch outlet in-
stead of the site 22.  
As it has been proposed by several authors (Monteith et al, 2007), 
(Bishop et al, 2000), other relevant factor that can explain long time 
changes in DOC concentrations can be explained through decrease in 
atmospheric deposition sulfates and nitrates. For this study, this was not 
considered as a factor for the calibration process because of lack of data. 
Further studies are encouraged to consider this. 
There is a clear connection between runnof and DOC discharge, which 
can be observed throughout the results. Main misscalibrations for DOC 
Concentration occur in periods with most divergent residuals for runoff 
in both sites (Fig 10 and 11), so they can be attributed to problems in 
runoff calibration for 6 pre-snowmelt soil drought events, in the 22 year 
period. Moreover, the results presented in Figure 15 suggests that it 
should not be expected short term changes in DOC in the soil layers as a 
result of changes in the OC dynamics, instead changes in DOC stock 
should be driven by water drainage changes. 

4.2. General conclusions 
Calibration process highlighted the relevance of boundary conditions. 
Among this the most relevant group of calibration variables showed to 
be soil heat and water transfer group, because they strongly determine 
water drainage for both sites, and thus had a primary control over DOC 
discharge. Soil organic carbon pools and sorption showed to have a 
magnitude flux regulation over DOC discharge, although it could not be 
described as a control over DOC concentration. DOC – Hummus rates 
are relevant to determine OC stock equilibria in the long term, and also 
to reach DOC discharge during baseflow. Plant calibration showed to 
have a long-term relevance to maintain a stable flux to Litter pools, and 
therefore to keep stocks of soil organic carbon stable. 

4.3. Further studies 
The results bring here are not yet conclusive regarding a single model 
that can explain DOC transport for long term in the Krycklan catch-
ment. Regarding this and other issues further subjects to study are listed 
below: 
Recalibrate this model taking in consideration: 
More accurate descrption of soil water retention capacity and hydraulic 
properties, and more extensively described sites (such as site 7 in the 
Krycklan catchment, for example). Another option would be to set high-
er limits in calibration process to observed values for multirruns simula-
tions. 
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Using interpolated meteorological dataset to the specific site (for in-
stance by using Thiessen polygons or krygging techniques) to adjust pre-
cipitation. 
Using (preferently measured) time series of acid atmospheric deposition 
as a driving variable, or (theoretical) as time-changing variable. 
Other alternative would be to use a shorter time series for calibration 
purposes, taking in consideration that short-term modelling would not 
be a valid representation of tree-strata dynamics. 
Run the model in cascade once getting satisfactory results in different 
situations, to model the DOC flux in a transect. 
Use the ICOS towers Carbon flux and Ecosystem data as input: In 
the Svertberget catchment an ICOS tower was installed recently, bring-
ing new data of both atmospheric carbon exchanges and tree-stand state 
variables (such as floem temperature and LAI), suitable to calibrate 
mechanistic models (such as the CoupModel). 
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