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Development of SVAT Model for Computing Water and Energy Balance of 
the Forest Intensive Monitoring Plots on Olkiluoto Island  
 
ABSTRACT 
 

This Working Report presents the main results of SVAT (Soil-Vegetation-Atmosphere-

Transfer) model that was developed to analyze the different water and energy balance 

components of the Forest Intensive monitoring plots (FIP) on Olkiluoto Island.  The 

Olkiluoto SVAT model divides above ground vegetation in two layers: overstorey 

(trees) and understorey. Hydrological processes that are quantified in the SVAT model of 

forest stands include precipitation, interception, evaporation, transpiration, snow 

accumulation and melt, soil and ground water movement, overland flow, horizontal 

subsurface flow and flow to forest ditches. In this report outlines for simplifying the 

existing SVAT model to a computational tool that can be used in biosphere modeling 

for long-term safety purposes are also given.  

 

The functioning of forest ecosystems on Olkiluoto Island is studied in Forest Intensive 

monitoring Plots (FIP): FIP4 (Scots pine forest), FIP10 (Norway spruce forest) and 

FIP11 (young Norway spruce/birch forest). Within the forest intensive monitoring plots 

(FIP4, 10 and 11) stand meteorological measurements are recorded once an hour. The 

parameters are air temperature, minimum and maximum temperature inside the crown 

layer and above the canopy, radiation, relative humidity, precipitation, soil moisture 

content, soil temperature and sap flow measurements (May 2007- June 2008).  

 

Measured versus computed cumulative stand throughfall were in good agreement with 

each other indicating that the SVAT model can be calibrated to reproduce very well the 

measured throughfall rates. Estimated stem flow was around 10% of precipitation for 

the Scots pine forest (FIP4), around 4 % for Norway spruce forest (FIP10) and about 3 

% for young Norway spruce/birch forest (FIP11).  For FIP4 the computed interception 

values were approximately 3-4 % bigger than the measured values but SVAT model 

predicted the yearly variation very well.  For FIP10 average computed value was around 

1 % smaller than the measured one.   

 

The sap flow measurement period was around 13 months for FIP4 and one year for 

FIP10.  Measured cumulative transpiration for plot FIP4 was around 150 mm during the 

13 month period which is relatively low value compared to the 206 mm for a one year 

period on plot FIP10.  The Olkiluoto SVAT model overestimated the cumulative 

transpiration rate for plot FIP4 by 17 mm (around 11 %) during the measurement 

period. Measured sap flow rates and computed transpiration fluxes were in good 

agreement with each other on plot FIP10.  Measured cumulative rate during the one 

year period was 206 mm and the corresponding computed value was 214 mm (4 % 

difference).   

 

Keywords: Precipitation, transpiration, sap flow, interception, water balance, energy 

balance, stem flow, infiltration, surface runoff, soil moisture 



SVAT mallin kehittäminen Olkiluodon saaren tutkimusmetsiköiden vesi- 
ja energiataseiden laskentaan  
 
TIIVISTELMÄ 
 

Tässä työraportissa on kuvattu Olkiluodon saaren tutkimusmetsiköiden - FIP-alueiden - 

vesi- ja energiatasekomponenttien analysointiin kehitetty SVAT-malli (Soil-Vegetation-

Atmosphere-Transfer). SVAT-mallissa kasvusto jaetaan kahteen kerrokseen: ylempi 

kerros (puusto) ja aluskasvillisuus. Mallilla voidaan laskea seuraavien hydrologisten 

suureiden tuntiarvot: interseptio, transpiraatio, haihdunta maan pinnalta, lumen 

kertyminen ja sulaminen, maa- ja pohjavesien liike, pintavalunta, vaakasuuntainen 

valunta maan pintakerroksissa ja virtaus ojiin.  Tässä raportissa on myös luonnosteltu 

mallin yksinkertaisempi versio, jota voidaan käyttää apuna laskettaessa radionuklidien 

kulkeutumista pitkäaikaisturvallisuusanalyyseissä. 

 

Metsäekosysteemin käyttäytymistä on havainnoitu Olkiluodon saarella ns. FIP-alueilla 

(Forest Intensive monitoring Plots) tehtyjen yksityiskohtaisten mittausten avulla: FIP 4 

(mäntymetsä), FIP10 (kuusimetsä) ja FIP11 (nuori sekametsä).  Tutkimusmetsiköissä on 

mitattu meteorologisten suureiden tuntiarvoja sekä metsikön sisällä että yläpuolella.  

Mitatut suureet ovat ilman lämpötila, minimi ja maksimi lämpötila kasvuston sisällä ja 

yläpuolella, säteily, suhteellinen kosteus, sadanta, maankosteus ja maan lämpötila ja 

transpiraatio toukokuusta 2007 alkaen mittaamalla mahlan virtausnopeutta puun rungon 

poikkileikkauksen läpi (sap flow measurement). 

 

Mitattu ja mallilla laskettu sadanta kasvuston alapuolella olivat hyvin lähellä toisiaan.  

Runkovalunta oli mallin mukaan mäntymetsällä n. 10 %, kuusimetsällä n. 4 % ja 

sekametsällä n. 3 % kokonaissadannasta. Alueella FIP4 mallin laskema interseptio oli n. 

3-4 % suurempi kuin mitattu arvo, mutta malli selitti hyvin interseption vuotuisen 

vaihtelun.  Metsikölle FIP10 mallin laskema interseptio oli hyvin lähellä mitattua arvoa 

(1 % ero).     

  

Mahlan virtausnopeusmittauksia oli käytettävissä mäntymetsikölle (FIP4) 13 kuukauden 

jaksolta ja kuusimetsikölle (FIP10) yhden vuoden ajalta. Metsikön FIP4 kumulatiivinen 

transpiraatio oli 150 mm 13 kuukauden jaksolle. Arvo on selvästi pienempi kuin 

alueella FIP10 vuoden aikana mitattu 206 mm. SVAT-malli yliarvioi alueen FIP4 

transpiraation n. 17 mm:llä (11 %). Alueella FIP10 mitatut ja mallin laskemat arvot 

olivat hyvin lähellä toisiaan: mitattu kumulatiivinen arvo oli 206 mm ja vastaava 

laskettu arvo oli 214 mm eli 4 % suurempi kuin mitattu arvo. Mitattujen ja laskettujen 

kuukausiarvojen ero oli suurin kesäkuussa 2007, mikä oli myös ensimmäinen 

havaintokuukausi. 

 

Avainsanat: Sadanta, transpiraatio, mahlan virtausnopeus, latvustopidäntä, vesitase, 

energiatase, runkovalunta,  infiltraatio, pintavalunta, maankosteus  
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1  INTRODUCTION 

 

Spent fuel from Finnish nuclear reactors in Olkiluoto and Loviisa is planned for final 

disposal in a KBS-3 type repository to be constructed at a depth of between 400 and 600 

meters in the crystalline bedrock on the Olkiluoto site. In July 2004 Posiva began to 

construct an underground rock characterization facility called ONKALO, which 

according to plans will reach the repository level of -420 m by the end of year 2009. 

The construction of ONKALO and the subsequent construction of the repository will 

affect the surrounding rock mass and the groundwater flow system as well as the 

environment. While many of these changes may be reversible, some may be only 

partially reversible and some irreversible. In order to determine the magnitude and 

extent of such effects, a monitoring system has been set up to measure the resulting 

changes. A summary of the observations and measurements is reported annually for 

each discipline: Rock Mechanics, Hydrogeology, Hydrogeochemistry, Environment and 

Foreign materials.  In this report results from environmental monitoring will be used 

and special emphasis is devoted to Forest Intensive Monitoring Plots (FIP).  

 

The results and progress of the environmental monitoring were presented by Haapanen 

(2005, 2006, 2007 and 2008). The environmental monitoring system supervised by 

Posiva Oy produces input for biosphere modeling for long-term safety purposes as well 

as for monitoring the state of the environment during the construction (and later 

operation) of ONKALO underground characterization facility. The functioning of forest 

ecosystems on the island is studied in Forest Intensive monitoring Plots (FIP).  

Summary of all the variables measured in FIP plots have been given by Haapanen (2007 

and 2008) and these measurements are not repeated here.   

 

The primary goal of this report is to carry out detailed water and energy balance study 

of the FIP plots using hourly values of meteorological parameters monitored in the 

plots. The emphasis in the analysis in computational and measured values of water 

balance components are used to verify the modeling tools. A so called SVAT (Soil-

Vegetation-Atmosphere-Transfer) model is developed to analyze the different water and 

energy balance components of the FIP plots. The Olkiluoto SVAT model deals above 

ground vegetation in two layers: overstorey (trees) and understorey. The SVAT model 

presented here is an extension to the Olkiluoto surface hydrology model that has been 

under development since 2007 (Karvonen 2008, and Karvonen 2009).  The SVAT 

model utilizes the soil water sub models available in the Olkiluoto surface hydrology 

model. The lower boundary condition needed in the SVAT model was taken from the 

results of the Olkiluoto surface hydrology model.  In the SVAT model soil profile can 

be divided up to 30 layers and both vertical and horizontal water fluxes are computed. 

 

The SVAT model described in this report is too detailed both temporally and spatially 

to be used for biosphere modeling for long-term safety purposes and therefore it is 

necessary to provide outlines for simplifying the existing SVAT model to a 

computational tool that can be used to upscale the FIP plot results to site and regional 

scale.  
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The specific goals of this study are: 

- SVAT model will be developed to describe the energy and water exchanges 

between soil, different kind of forest stands – Scots pine forest(FIP4),  Norway 

spruce forest (FIP10) and young Norway spruce/birch forest (FIP11) – and  the 

atmosphere 

- to model the interception of precipitation by forest overstorey and understorey 

- to describe the water uptake and transpiration of the three forest intensive plot 

located on Olkiluoto Island 

- to model the vertical and horizontal water fluxes at different soil layers and 

estimate the proportion of surface runoff from total runoff 

- to compare the results of the SVAT model approach with the measured water 

and energy balance components of the FIP plots 

- to provide outlines for simplifying the existing detailed model to computational 

tool that can be used to scale up the plot scale results to site and regional scale 

The dates shown in the graphs of  this working report are given in the form 

day.month.year  hour:min.  

 

 

 

 

 

 

 



5 

 

2  MATERIAL AND METHODS 

2.1  Forest Intensive Monitoring Plots: FIP   

 

The functioning of forest ecosystems on the island is studied in Forest Intensive 

monitoring Plots (FIP). Three plots have been established in the Liiklansuo catchment 

area: FIP4 (Scots pine forest), FIP10 (Norway spruce forest) and FIP11 (young Norway 

spruce/birch forest) (see Fig. 2-1.). FIP4 and FIP10 represent Oxalis-Myrtillus/grove-

like mineral soil forest site types growing on fine-textured till. The third intensive 

monitoring plot (FIP11) was established in a young Norway spruce and birch stand 

nearby in late 2006, and the installation of equipment was finished during 2007. The 

establishment and basic characteristics of the current plots have been reported in a 

memo by Finnish Forest Research Institute, and summarized by Haapanen (2006, 

2008). Each FIP plot consists of three 30 x 30 m sub-plots (OA). A 5-10 m wide zone 

between and around the sub-plots constitutes OA4.  

 

2.2   Meteorological variables 

 

Meteorological observations are mandatory for a nuclear power plant in order to assess 

possible effects of discharges mainly in a potential accident situation, thus a 

comprehensive database of major meteorological parameters is available. Currently 

Olkiluoto has a continental climate, with some local marine influence due to its location 

on the eastern coast of the Bothnian Sea, which is north of the Baltic proper. In the 

spring, the sea has a somewhat lowering effect on the temperatures compared with those 

inland, and correspondingly in the autumn provides warmth, so that night frosts are less 

frequent. The long-term statistics for Olkiluoto and the reference sites have been given 

by Ikonen (2007). 

 

In June 2004, a 20 m weather mast was erected in the southern central part of the island 

to provide data closer to the site investigation area and also within the forested area 

(FIP4), sheltered from the direct influence of the sea by the highest hills on the island.  

The name of this station is WOM2. Later, in May 2005, a station with a two-meter mast 

was installed in the forest intensive monitoring plot FIP10 for recording its 

microclimate (WOM3), and during 2007, another smaller station was installed to the 

intensive plot FIP11 (WOM4).  Within the forest intensive monitoring plots (FIP4, 10 

and 11) stand meteorological measurements are recorded once an hour (WOM2-4). The 

parameters are air temperature, minimum and maximum temperature inside the crown 

layer and above the canopy, relative humidity, precipitation (1 m above ground level), 

soil moisture content, and soil temperature. Depth of ground frost and the thickness of 

the snow cover are measured manually on FIP4. Photosynthetically active radiation 

(PAR), solar radiation, air pressure, wind speed and its direction are measured only on 

FIP4. The list of recorded data for stations WOM2 and WOM3 is given in Table 2-1. 

On plot FIP11 (WOM4) only precipitation, air temperature, relative humidity, soil 

temperature and soil moisture content are recorded.  
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Figure 2-1.  Location of Forest Intensive Monitoring Plots (FIP) on Olkiluoto Island. 

 

Moreover, hourly data from weather station WOM1 were available. WOM1 is an 

automatic measurement equipment at weather mast located in the western part of 

Olkiluoto and saves data into the computers of the Olkiluoto nuclear power plant.  The 

weather mast and measuring sensors have been sited in such position that buildings, 

mast structures or surrounding terrain do not interfere the measurements. The height of 

the mast is defined so that the wind readings obtained are representative enough. The 

mast is located 2-3 km from the Posiva's investigation area. In addition, it is only a few 

hundred meters from the sea presenting the marine end of the occasionally drastic 

conditions gradient between the shoreline and inland even very close to the island 

(Ikonen 2007).  
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Table 2-1. Meteorological variables measured at the weather stations WOM2 and 

WOM3 in Olkiluoto. Numbers indicate the vertical location of the sensors above the 

base ground level in meters (adapted from Ikonen 2007). 

 
 

The meteorological data used in this study are hourly variables recorded in weather 

stations WOM1-4. Moreover, data from bulk deposition and stand throughfall 

measurements are available. Monitoring of bulk deposition and stand throughfall was 

started in Olkiluoto in June 2003 within a plot network called MRK. The sampling is 

concentrated in 12 plots located at varying distances from the dust-producing activities: 

excavation of ONKALO and rock piling and crushing. FIP plots are a part of the MRK 

network (MRK4=FIP4, MRK10=FIP10 and MRK11=FIP11). A total of 10 rainfall 

collectors were located systematically on the MRK plots established in 2003. This was 

later changed to 20 collectors in the forested plots (five on open areas). Haapanen 

(2008) has given the site description of the MRK plots.  Cumulative precipitation of a 

two week period has been measured in MRK and therefore this data could not be used 

as input data in the detailed SVAT model.  However, it is possible to compare the 

results of the MRK plots with the values computed by the Olkiluoto SVAT model.  

 

2.3   Sap flow measurements 

 

Measurements of tree-level transpiration started in May - June 2007 in the forest 

intensive monitoring plots FIP4 and FIP10 using the sap flow measurement system and 

continued in 2008. The aim was to measure tree-level transpiration as a basis to 

calculate stand transpiration rate and variability. The approach, the measurement 

methods, and tentative results concerning year 2007 have been reported by Hökkä 

(2008). In June 6th 2008 one year data became available to calculate the annual rate of 

transpiration in both intensive plots. One sap flow sample pine showed no signal despite 

of several checks during 2007 and thus the stand transpiration estimates in FIP4 were 
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based on two sample trees only. The reason for the poor signal was eventually 

determined as a serious fungus infection in the sap flow tree. Another, healthy sap flow 

sample tree was chosen on April 18th 2008. Starting from that date, transpiration data 

from three trees were possible to use in comparing the computed transpiration rates with 

the sap flow results. 

 

2.4  Other measurements  

 

Changes in the chemical composition of rainfall are being followed as the water passes 

through the tree canopy, and then down the soil profile in the form of soil solution.  In 

addition to the chemical composition, also the amount of percolation water is being 

monitored using the plate lysimeters located at the depth of 5 cm.  The collection period 

starts in the spring when the ground is no longer frozen.  The collection period for the 

amount of percolation water varies between two and four weeks.  Measured data is 

available from all three FIP plots. 

 

2.5   Description of the SVAT model 

 

The main emphasis is devoted to the computation of water the energy balance components 

of the three FIP plots located on Olkiluoto Island.  Interception and transpiration of 

different vegetation types are at a very crucial role in SVAT models (Soil-Vegetation-

Atmosphere-Transfer).  Very sophisticated multi-layer model models exist which consider 

water uptake and transpiration of each tree species individually (e.g. Oltchev 2002; 

Kellomäki and Wang 2000).  However, the data available from Olkiluoto Forest Intensive 

Monitoring Plots (FIP) do not support model of this complexity.  Therefore, a simpler 

model was adopted which divides forest to two layers: overstorey (trees) and understorey 

canopy.  Water and energy balance will be computed separately for the two layers.  Two-

layer models require a limited number of input parameters and can be successfully applied 

to describe forest evapotranspiration and land surface-atmosphere interactions at site and 

regional scales.  More sophisticated distributed multi-layer models need more input 

parameters with detailed information about the spatial distribution of key biophysical 

properties of vegetation.  This makes the application of such models in regional and site 

scale modelling very difficult.  This is another reason for selecting the two-layer model as 

the SVAT model in calculating water balance components of the FIP plots.    

 

Hydrological processes that are quantified in SVAT models of forest stands include 

precipitation, interception, evaporation, transpiration, snow accumulation and melt, soil 

and ground water movement, overland flow, horizontal subsurface flow and flow to forest 

ditches. A general scheme of a SVAT model is shown in Fig. 2-2.   

 

The SVAT model developed for the FIP plots on the Olkiluoto Island is a combination of 

several existing models described in the literature. Canopy interception model is a slight 

modification of the model suggested by Koivusalo and Kokkonen 2002. Canopy 

transpiration was calculated using the well-known Penman-Monteith equation. Canopy 

conductance (=inverse of canopy resistance) needed in this equation was computed using 

the model presented by Kellomäki and Wang (2000). Snow accumulation and snowmelt 
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was computed using the degree-day method described by Vehviläinen (1992). Soil water 

fluxes were computed using a dual permeability version of the Richards equation 

(Simunek et al. 2003; Karvonen 2008). 

 

Detailed description of the canopy interception and transpiration sub models and snow 

accumulation and snow melt models is given in Appendix A. Moreover, a brief description 

of the soil water model is given in the same appendix. List of variables computed by the 

SVAT model is given in Table 2-2. All the variables given in the list are computed both as 

hourly and cumulative values. 

 

 
P=precipitation, T=transpiration from overstorey and understorey, I=evaporation of 

intercepted water from overstorey and understorey, S=storage of intercepted water in 

overstorey and understorey, P-T=precipitation throughfall, Sap=sap flow in the trunk, 

R=root water uptake, E=evaporation from soil surface, qV=vertical downward or 

upward flux in the soil profile at different depths, qL=lateral flux at in the soil profile at 

different depths, qB=flux through the overburden-bedrock interface. 

 

Figure 2-2. The general scheme of water transfer pathways in the SVAT system. Both 

vertical and horizontal water fluxes in the soil are computed. Extraction of soil water by 

plant roots takes place from several layers. Lower boundary condition of the soil water 

sub model is infiltration into the bedrock or discharge out of the bedrock system. 
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Table 2-2. List of variables computed by the SVAT model developed to analyze the 

water and energy balance components of the Forest Intensive Measurements Plots 

located on Olkiluoto Island. 
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3  RESULTS 

3.1  Canopy interception and stand throughfall 

 

Canopy interception and stand throughfall sub model is described in Appendix A. The 

model includes also calculation of stem flow (water running along the branches and 

stem of the tree). Stem flow reduces the amount of precipitation falling to measurement 

gauge located under the canopy. The Olkiluoto SVAT model calculates two throughfall 

values: one with stem flow excluded and the other with stem flow included. The first 

one is used in comparing the measured throughfall with the computed one and the latter 

is used as the infiltration rate in the soil sub model (upper boundary condition of the 

water flow model). 

 

Hourly values of meteorological variables were used as input data to the model.  

Measured precipitation above canopy is needed as model input data. This variable was 

not measured in weather stations WOM2-4 and therefore values from WOM1 were 

used. This station is not located in forested areas and therefore WOM1 precipitation 

values were scaled with open area measurements of MRK plots (see Table 3-1) to get 

the correct cumulative precipitation above the canopy of the FIP plots.     

 

The parameter values used in the interception and throughfall sub model are given in 

appendix B in Table B-1 for overstorey and in Table B-2 for understorey canopy. Some 

of the parameter values were taken from Koivusalo and Kokkonen (2002) but the most 

important parameters were calibrated based on measured data in FIP plots. The source 

of each parameter value is given in Tables B-1 and B-2.   

 

The computation period is 1.9.2004-11.8.2008 for FIP4, 23.5.2005-11.8.2008 for FIP10 

and 28.6.2007-11.8.2008 for FIP11. The first day of computation is the same as the date 

when the measurements were started in each plot.  

 

Measured versus computed cumulative stand throughfall are shown in Fig. 3-1 for all 

three FIP plots indicating that the SVAT model can be calibrated to reproduce very well 

the measured throughfall rates. Computed values with stem flow included are also 

shown as reference values. The difference between the two computed throughfall rates 

gives the amount of stem flow in each FIP plot. Estimated stem flow was around 10% 

of precipitation for the Scots pine forest (FIP4), around 4 % for Norway spruce forest 

(FIP10) and about 3 % for young Norway spruce/birch forest (FIP11). The reason for 

higher stem flow in pine forest is that the angle between stem and branches is such that 

it “collects” more easily water that is flowing out of the interception storage.     

 

Interception is not measured directly but it can be computed as the difference between 

above canopy precipitation and stand throughfall. Very often it is most useful to express 

interception as % from above canopy precipitation: (precipitation above the canopy – 

computed stand throughfall) / (precipitation above the canopy) x 100. Measured values 

of precipitation above the canopy were here replaced with measured values of open area 

precipitation shown in Table 3-1.  
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Figure 3-1. Measured and computed cumulative throughfall in the Olkiluoto Forest 

Intensive Measurement plots. A) Pine forest (FIP4) 1.9.2004-11.8.2008, b) Spruce 

forest (FIP10) 23.5.2005-11.8.2008 and c) Mixed forest (FIP11) 28.6.2007-11.8.2008. 
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Measured annual values of interception (%) are shown in Table 3-1 for different MRK 

plots (MRK4=FIP4 and MRK10=FIP10). Data from FIP11 was available only for a 

period of six months during 2007 and no measured interception data are shown. A total 

of 10 rainfall collectors were located systematically on the MRK plots established in 

2003. This was later changed to 20 collectors in the forested plots (five on open areas).  

Therefore, the interception values shown in Table 3-1 are more accurate than 

interception computed from the hourly values shown in Fig. 3-1 (one hourly 

measurement point in FIP plots).  

 

 

Table 3-1. Measured annual precipitation in the open (MRK2, MRK7 and MRK9), 

annual stand throughfall and interception (% from mean value of open area 

precipitation) (MRK1, MRK3, MRK4, MRK5, MRK6, MRK8 and MRK10) in 2004-

2007.  

 
 

Interception values computed with the Olkiluoto SVAT model are shown in Table 3-2 

for all the FIP plots. The computed values can be compared with the corresponding 

measured interception rates given in Table 3-1. For FIP4 the computed interception 

values are approximately 3-4 % bigger than the measured values but SVAT model 

predicts the yearly variation very well. For FIP10 measured data from two full years 

were available: 24 % during year 2006 and 35 % during 2007. The corresponding 

computed values were 26 %/2006 and 30 %/2007, i.e. average computed value is 

around 1 % smaller than the measured one. Computed interception rate was smaller for 

FIP11 compared to the other plots. This result seems to be realistic since interception is 

likely to be smaller in young Norway spruce/birch forest stand.   

 

Computed interception values are much bigger during winter months and this result is in 

full agreement with the measurements carried out by Koivusalo (2002).    
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Table 3-2. Computed interception (% from precipitation) in FIP plots. Interception of 

precipitation by the tree canopies during 2004-2007. Interception was calculated as: 

(precipitation in the open – computed stand throughfall) / (precipitation in the open) x 

100, and expressed as %. 

 

 

 
 

3.2  Comparison of measured sap flow and computed transpiration rate 

 

Sap flow was measured in three stems in FIP4 and FIP10 and these values were used to 

derive a measured estimate of the transpiration flux of the stands (Hökkä 2008). The 

transpiration sub model is based on computing canopy energy balance using measured 

global radiation above the canopy, air temperature, relative humidity and wind speed.  

The most important parameters needed in the Penman-Monteith equation are resistances 

to water vapor transport from canopy to atmosphere. Aerodynamic resistance was 



15 

 

computed using the equations given by Koivusalo and Kokkonen (2002). Canopy 

conductances gc,oc and gc,uc were computed using the model suggested by Kellomäki and 

Wang (2000). In the present model the relative influence of various meteorological or soil 

variables on canopy conductance is defined by functions f(Da), f(h), f(Ta) and f(Ca) taken 

from Kellomäki and Wang (2000) and function f(Rs) adopted from Dolman and Nonhebel 

(1988) (see appendix A). Da is vapour pressure deficit, h is soil water potential, Ta is air 

temperature, Ca is ambient concentration CO2, and Rs is global radiation (W m
-2

). Canopy 

resistance is the reciprocal of canopy conductance as shown in Eq. (A-11) in appendix A. 

 

The parameter values needed in the canopy conductance are given in Table B-3 (appendix 

B). The only parameters which were calibrated based on measured sap flow data are the 

maximum values of the canopy conductances gc,oc,MAX and gc,uc,MAX, which represent 

conductance in optimum conditions.  

 

The measurement period was around 13 months for FIP4 (9.5.2007-6.6.2008) and one 

year for FIP10 (6.6.2007-6.6.2008). Measured cumulative sap flow rates and computed 

cumulative transpiration rates are shown in Fig. 3-2 and comparison of measured and 

computed monthly rates is given in Table 3-3. Measured cumulative transpiration for 

plot FIP4 was around 150 mm during the 13 month period which is relatively low value 

compared to the 206 mm for a one year period on plot FIP10. Haapanen (2008) and 

Hökkä (2008) have described difficulties related to sap flow measurements on plot FIP4 

which might partly explain the relatively low transpiration rates. The Olkiluoto SVAT 

model overestimates the cumulative transpiration rate for plot FIP4 by 17 mm (around 

11 %) during the measurement period. The biggest difference between measured and 

computed values is in June 2007 when the measurement difficulties were probably 

influencing the results on plot FIP4. During the year 2008 measured and computed 

values for plot FIP4 were in very good agreement with each other.   

 

Measured sap flow rates and computed transpiration fluxes are in good agreement with 

each other on plot FIP10. Measured cumulative rate during the one year period is 206 

mm and the corresponding computed values is 214 mm (4 % difference). The biggest 

difference in monthly values is in June 2007 which was the first measurement month.   

 

Hourly values of measured sap flow rates and computed transpiration fluxes are shown 

in appendix C (FIP4) and appendix D (FIP10) indicating that the canopy conductance 

model suggested by Kellomäki and Wang (2000) provides good basis for computation 

of transpiration fluxes as influenced by different meteorological variables and soil water 

potential.  

 

Olkiluoto SVAT model computes the total evapotranspiration flux as the sum of 

interception and transpiration from overstorey (trees) and understorey canopies. The 

results are shown in Table 3-4 for all the three plots. Yearly evapotranspiration fluxes 

are biggest for the Norway spruce forest (FIP10) and smallest for FIP11 (young forest).  

The computed yearly fluxes for FIP4 vary between 300 and 330 mm/a for plot FIP4 and 

between 350 and 380 mm/a for plot FIP10. These values are within the range suggested 

for similar type of forests in Finnish conditions (e.g. Koivusalo et al. 2000; Koivusalo 

2002).  
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Figure 3-2. Measured cumulative sap flow and computed cumulative transpiration flux 

(mm) in the Olkiluoto Forest Intensive Measurement plots. a) Pine forest (FIP4) 

9.5.2007-6.6.2008, b) Spruce forest (FIP10) 6.6.2007-6.6.2008. 
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Table 3-3. Measured monthly sap flow rates and monthly transpiration rates computed 

using the Olkiluoto SVAT model. Measurement period for Scots pine forest (FIP4) was 

9.5.2004-6.6.2008 and for Norway spruce forest (FIP10) 6.6.2007-6.6.2008. June 2008 

includes results from six days. 
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Table 3-4. Monthly evapotranspiration rates computed using the Olkiluoto SVAT model 

(sum of interception and transpiration from overstorey and understorey canopies). 

 

 

 
 

 

3.3  Soil moisture content 

 

Continuous measurement of soil moisture content was carried out in all three FIP plots 

at the depth of 20 cm using two sensors in each plot. Soil moisture content measurement 

represents a point value and the accuracy of the results is highly dependent on local 

conditions such as root channels, stones, local soil type as compared to the spatial 

average value etc. In Olkiluoto FIP plots difficulties were encountered especially on 

plot FIP11 where the other soil moisture sensor did not give meaningful results. In the 

other two plots the sensors seemed to work but results differed from each  
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Figure 3-3. Measured and computed soil water content in the Olkiluoto Forest 

Intensive Measurement plots. A) Pine forest (FIP4) 1.9.2004-11.8.2008, B) Spruce 

forest (FIP10) 23.5.2005-11.8.2008 and C) Mixed forest (FIP11) 28.6.2007-11.8.2008.  
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other very much. Measured and computed soil moisture content at the depth of 20 cm 

are shown in Fig. 3-3 indicating that the overall variation of soil water content is 

predicted reasonably well but the measured moisture content behaves more smoothly 

than the corresponding values computed by the SVAT model. However, there is also a 

big difference between the two measurement on plots FIP4 and FIP10. Especially the 

two measurement series on plot FIP4 are very different from each other showing clearly 

the difficulties which are usually encountered in measuring soil water content in the 

field.     

 

3.4  Vertical fluxes in the soil profile 

 

The Olkiluoto SVAT model includes the numerical solution of the well-known Richards 

equation. A dual permeability version of the model was used in modelling vertical water 

fluxes in the FIP plots. The first pore system is the soil matrix and the second pore 

system consists of different type of macro pores (root channels, worm holes etc.) 

providing a fast pathway of water in the rooted zone. The soil profile was divided 

vertically into 15 layers: 3 x 0.1 m, 6 x 0.2 m, 2x0.3 m, 1 x 0.4 m and 3 x 0.5 m, which 

implies that profile total depth was 4.0 m. Upper boundary condition of the model 

comes from the canopy interception, stand throughfall and transpiration sub models.  

The lower boundary condition is the flux through the soil-bedrock interface and this 

value was taken from the results of the Olkiluoto surface hydrology model (Karvonen 

2008). Lower boundary condition was 5 mm/a downward flux for plot FIP4, 22 mm/a 

upward flux (discharge from bedrock to soil system) for FIP10 and 10 mm/a upward 

flux for FIP11. The thickness of the root zone is assumed to be 0.3 m on all plots. 

 

The amount of percolation water is being monitored using the plate lysimeters located at 

the depth of 5 cm. The collection period starts in the spring when the ground is no 

longer frozen. Measured data is available on all three FIP plots. Measured amount of 

percolation water passing down to a depth 5 cm on plot FIP4 during the snow free 

periods in 2004-2007 are shown in Fig. 3-4 for FIP4 and in Fig. 3-5 for FIP10 (2006-

2007). Computed values are the corresponding downward fluxes at four different depths 

(Z=0.0, 0.05, 0.15 and 0.25 m). The value at depth Z=0.25 m represents the water 

flowing out of the root zone of the Olkiluoto SVAT model. Overall trend is that 

computed downward fluxes at depth Z=0.05 m are much bigger than the measured 

fluxes. According to Haapanen (2008), the plate lysimeters did not function properly in 

2005 and difficulties with high groundwater level have been encountered especially on 

plot FIP10. However, the main reason for difference between measured and computed 

downward flux rates is that Olkiluoto SVAT model takes transpiration flux from the 0.3 

m thick root zone. This implies that big proportion of infiltrated water must pass the 

depth 0.05 m. It would be possible to reduce the downward flux at depth 0.05 m by 

reducing the thickness of the root zone but in forested areas roots of trees do probably 

extend at least to a depth of 0.3 m.   
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Figure 3-4. Measured amount of percolation water passing down to a depth 5 cm on 

plot FIP4 during the snow free periods in 2004-2007. Computed values are the 

corresponding downward fluxes at four different depths (Z=0.0, 0.05, 0.15 and 0.25 m).  

The value at depth Z=0.25 m represents the water flowing out of the root zone of the 

Olkiluoto SVAT model.  
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Figure 3-5. Measured amount of percolation water passing down to a depth 5 cm on 

plot FIP10 during the snow free periods in 2006-2007. Computed values are the 

corresponding downward fluxes at four different depths (Z=0.0, 0.05, 0.15 and 0.25 m).  

The value at depth Z=0.25 m represents the water flowing out of the root zone of the 

Olkiluoto SVAT model.  

 

Olkiluoto SVAT model was used to calculate average downward and upward water 

fluxes in the soil profile. The results are shown in Fig. 3-6. Cumulative fluxes were 

calculated separately for each depth and average yearly values were obtained by 

dividing the total number of computational days with 365. Positive (downward) and 

negative (upward) fluxes were summed separately. The results show that most of the 

downward flux happens in the rooted zone. On plot FIP4 there is a continuous 

downward flux due to the lower boundary condition (5 mm/a infiltration from soil 

system to bedrock). Plots FIP10 and FIP11 are local discharge areas and the lower 

boundary condition is such that flux from bedrock to soil system (upward flux) is 22 

mm/a on plot FIP10 and 10 mm/a on plot FIP11. The peak value of upward flux is at the 

interface between subsoil and root zone and physically this implies the amount of 

capillary rise due to root water uptake from the uppermost soil layers. 
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Figure 3-6. Average yearly downward (upper graph) and upward (lower graph) fluxes 

computed by the Olkiluoto SVAT model. Flux through the interface between soil and 

bedrock was as follows: FIP4=5 mm/a downwards (infiltration to bedrock), FIP10=22 

mm/a discharge from bedrock (upward flux) and FIP11=10 mm/a discharge from 

bedrock (upward flux).  
 

3.5  Estimation of runoff components 
 

Runoff was not measured on FIP plots and therefore, runoff components must be 

calculated using the Olkiluoto SVAT model. The model calculates two different runoff 

components: 1) lateral subsurface runoff towards ditches and brooks located near the 

plot and 2) surface runoff caused by very high groundwater level or due to frozen soil. 

Monthly values of lateral subsurface runoff for FIP plots are shown in Table 3-5, 

surface runoffs in Table 3-6 and total runoff in Table 3-7. Lateral subsurface runoff is 

biggest on plot FIP4 since it is located on recharge areas and groundwater level is 

deeper than in the other two plots. Surface runoff component is biggest on plot FIP10 

due to higher groundwater level. Haapanen (2008) has reported that groundwater level 

was above the ground surface on plot FIP10 during years 2006 and 2007. 
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Table 3-5. Monthly lateral subsurface runoff (mm/month) computed using the Olkiluoto 

SVAT model (sum of horizontal water fluxes flowing either to ditches or small brooks or 

out of the plot). 
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Table 3-6. Monthly surface runoff (mm/month) computed using the Olkiluoto SVAT 

model (water fluxes flowing along the surface of the soil). 
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Table 3-7. Monthly total runoff (mm/month) computed using the Olkiluoto SVAT model 

(water fluxes flowing along the surface of the soil). 
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4  SUGGESTIONS FOR FUTURE DEVELOPMENT 
 

Olkiluoto surface hydrology model has been under development since May 2007 and 

the first version of the Olkiluoto SVAT model has been developed in this study. The  

3D surface hydrology model links the unsaturated and saturated soil water in the 

overburden and groundwater in bedrock to a continuous pressure system. The 

parameterization of soil layers, land use and vegetation was done in such a way that the 

model can later on be used for description of the past evolution of the overburden 

hydrology at the site and overburden’s hydrological evolution in the future (Karvonen, 

2008). The SVAT model describes the canopy processes in a more detailed manner 

compared to the existing version of the surface hydrology model. In future applications 

it is necessary to develop a simplified version of the SVAT model (canopy processes) 

that can be used with daily input data.   
 

The surface hydrology model calculates horizontal and vertical water fluxes in a 3D-

grid but various type of spatial and temporal simplifications - conceptualizations - of the 

complete model has to be programmed in such a way that model results can be used in 

estimating the water fluxes needed in the agricultural and forest ecosystem modules 

used for modelling long-term transfer of radionuclides (Bergström et al. 1999; Avila 

2006). The role of SVAT model described here is to provide yearly fluxes as input data 

to long-term biosphere assessment models.       
     

One possible conceptualization of the storages and fluxes computed by the Olkiluoto 

surface hydrology model and Olkiluoto SVAT model is given in Fig. 4-1. The 

corresponding list of water fluxes is given in Table 4-1 and compartments of the 

conceptual version of the model are given in Table 4-2. The storages (compartments) 

and fluxes shown in Fig. 4-1 can be considered to represent water balance and fluxes of 

spatially limited biosphere objects. The soil compartments are the same for forest and 

agricultural models. The aboveground fluxes shown in Fig. 4-1 are water fluxes 

calculated by the SVAT model for forest objects. The agricultural module is simpler. 

The thickness of the soil layers can be taken from site-specific soil and bedrock 

elevation data. 
 

Handling of spatial and temporal scales 
  

So far nothing has been said about spatial and temporal scales of the conceptualized 

water balance components. In the Olkiluoto case the hydrogeological model developed 

at VTT will calculate the location of the most probable discharge points (DP) of the 

radionuclides. Site-specific ecosystem object modules (forest, agricultural area, peat 

bog, lake, coastal area) will then be delineated by the UNTAMO toolbox around the 

most probable DP’s. UNTAMO is a toolbox for simulation of terrain and ecosystem 

development due to land uplift and other changes (Ikonen 2006). Olkiluoto surface 

hydrology model can utilize this delineation and compute average yearly water fluxes 

and average water content in the compartments. The SVAT model introduced here 

computes the yearly values of the above ground water fluxes. Computation will be done 

separately for each delineated site-specific ecosystem object. Computation of average 

yearly fluxes will be based on calculation of the detailed surface hydrology model and 

SVAT model for a period of 10-15 years and computing average yearly values for all 

fluxes. Moreover, it is possible to get uncertainty limits for the various water fluxes 

based on the computations outlined above. 
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Figure 4-1. Conceptualization of fluxes computed in the Olkiluoto SVAT model and in 

the Olkiluoto surface hydrology model. Fluxes are computed in 3D-grid but summaries 

from fluxes can be computed at various spatial and temporal resolution (scales). 
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Table 4-1. List of fluxes that can be computed in the Olkiluoto surface hydrology model 

at various spatial and temporal resolution (scales). 

 

P   Precipitation (m/a) 

PDT  Direct throughfall of precipitation (m/a) 

PTC  Throughfall through the canopy (m/a) 

PTU  Throughfall through the understorey (m/a) 

TRZ  Transpiration from the root zone (m/a) 

IC  Interception from the canopy (m/a) 

IU  Interception from the understorey (m/a) 

M  Snowmelt (m/a) 

Y  Total yield (rainfall + snowmelt) (m/a) 

R  Runoff (total) (m/a) 

FINF  Infiltration through soil surface (m/a) 

FSURF,OUT  Surface runoff (m/a); causes erosion 

FRZ,OUT  Lateral flow in the root zone (m/a); fast subsurface runoff component  

FUZ,OUT  Subsurface flow (m/a); drainage flow in agricultural areas; flow to forest 

ditches   

FSZ,IN   Lateral inflow in the saturated zone (m/a) 

FSZ,OUT  Lateral outflow in the saturated zone (m/a) 

FRZ,UZ  Vertical downward flux from root zone to seasonally satur. zone (m/a) 

FRZ,UZ  Vertical upward flux from seasonally satur. zone to root zone (m/a) 

FUZ,SZ  Vertical downward flux seasonally saturated zone to saturated zone (m/a) 

FSZ,UZ Vertical upward flux from saturated zone to seasonally saturated zone 

(m/a) 

FSZ,BR Vertical downward flux from saturated zone to bedrock (m/a) (matrix 

and hydrogeological zones) 

FBR,SZ  Vertical upward flux from bedrock to saturated zone (m/a) (matrix and 

   hydrogeological zones) 
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Table 4-2. List of compartments in the conceptualized version of the Olkiluoto SVAT 

and  surface hydrology model. 

 

Canopy Leaves and wood in forests; crop in agricultural areas 

Understorey Vegetation below the tree stand in forested areas; not needed in 

                             agricultural areas 

Root zone Needed both in forest and agricultural model (thickness e.g. 0.3 m) 

Seasonally Seasonally saturated zone below the root zone and above the  

 saturated groundwater level;  groundwater level varies as a function of time and 

 zone occasionally this layer can be fully saturated but most of the time it 

  will be unsaturated; constant thickness has to be assumed in simplified 

  biosphere models (e.g. from 0.3 m to 1.0 m) 

Sat.zone  Saturated zone above bedrock;  upper boundary has to be fixed e.g to 

 a depth of  1.0 from soil surface; lower boundary depends on the true 

profile depth at each object module 

Bedrock  Bedrock is included in the conceptualization since the hydrologeo- 

logical zones of bedrock is key pathway of radionuclides from 

repository to the overburden 
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5  SUMMARY 

 

A so called SVAT (Soil-Vegetation-Atmosphere-Transfer) model was developed to 

analyze the different water and energy balance components of the FIP plots. The 

Olkiluoto SVAT model deals above ground vegetation in two layers: overstorey (trees) 

and understorey. Hydrological processes that are quantified in the SVAT model of forest 

stands include precipitation, interception, evaporation, transpiration, snow accumulation 

and melt, soil and ground water movement, overland flow, horizontal subsurface flow and 

flow to forest ditches. The SVAT model presented here is an extension to the Olkiluoto 

surface hydrology model that has been under development since 2007.   

 

The functioning of forest ecosystems on Olkiluoto Island is studied in Forest Intensive 

monitoring Plots (FIP). Three plots have been established in the Liiklansuo catchment 

area: FIP4 (Scots pine forest), FIP10 (Norway spruce forest) and FIP11 (young Norway 

spruce/birch forest). FIP4 and FIP10 represent Oxalis-Myrtillus/grove-like mineral soil 

forest site types growing on fine-textured till. The third intensive monitoring plot 

(FIP11) was established in a young Norway spruce and birch stand nearby in late 2006, 

and the installation of equipment was finished during 2007.  

 

Within the forest intensive monitoring plots (FIP4, 10 and 11) stand meteorological 

measurements are recorded once an hour (WOM2-4). The parameters are air 

temperature, minimum and maximum temperature inside the crown layer and above the 

canopy, relative humidity, precipitation (1 m above ground level), soil moisture content, 

and soil temperature. Depth of ground frost and the thickness of the snow cover are 

measured manually on FIP4. Photosynthetically active radiation (PAR), solar radiation, 

air pressure, wind speed and its direction are measured only on FIP4. Measurements of 

tree-level transpiration started in May - June 2007 in the forest intensive monitoring 

plots FIP4 and FIP10 using the sap flow measurement system. The aim was to measure 

tree-level transpiration as a basis to calculate stand transpiration rate and variability.   

 

Measured versus computed cumulative stand throughfall were in good agreement with 

each other indicating that the SVAT model can be calibrated to reproduce very well the 

measured throughfall rates. Estimated stem flow was around 10% of precipitation for 

the Scots pine forest (FIP4), around 4 % for Norway spruce forest (FIP10) and about 3 

% for young Norway spruce/birch forest (FIP11). The reason for higher stem flow in 

pine forest is that the angle between stem and branches is such that it “collects” more 

easily water that is flowing out of the interception storage.     

 

Interception was not measured directly but it can be computed as the difference between 

above canopy precipitation and stand throughfall. The computed interception values 

were compared with the corresponding measured interception rates on MRK plots. For 

FIP4 the computed interception values were approximately 3-4 % bigger than the 

measured values but SVAT model predicted the yearly variation very well. For FIP10 

average computed value was around 1 % smaller than the measured one. Computed 

interception rate was smaller for FIP11 compared to the other plots.  This result seems 

to be realistic since interception is likely to be smaller in young Norway spruce/birch 
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forest stand. Computed interception values are much bigger during winter months and 

this result is in full agreement with the earlier studies carried out in Finland.   

 

The sap flow measurement period was around 13 months for FIP4 and one year for 

FIP10. Measured cumulative transpiration for plot FIP4 was around 150 mm during the 

13 month period which is relatively low value compared to the 206 mm for a one year 

period on plot FIP10. The Olkiluoto SVAT model overestimated the cumulative 

transpiration rate for plot FIP4 by 17 mm (around 11 %) during the measurement 

period. The biggest difference between measured and computed values was in June 

2007 when the measurement difficulties were probably influencing the results on plot 

FIP4. During the year 2008 measured and computed values for plot FIP4 were in very 

good agreement with each other. Measured sap flow rates and computed transpiration 

fluxes were in good agreement with each other on plot FIP10. Measured cumulative rate 

during the one year period was 206 mm and the corresponding computed value was 214 

mm (4 % difference). The biggest difference in monthly values was in June 2007 which 

was the first measurement month for plot FIP10.   

 

Olkiluoto SVAT model computes the total evapotranspiration flux as the sum of 

interception and transpiration from overstorey (trees) and understorey canopies. Yearly 

evapotranspiration fluxes were biggest for the Norway spruce forest (FIP10) and 

smallest for FIP11 (young forest). The computed yearly fluxes for FIP4 varied between 

300 and 330 mm/a for plot FIP4 and between 350 and 380 mm/a for plot FIP10. These 

values are within the range suggested for similar type of forests in Finnish conditions. 

 

Computed downward fluxes at depth Z=0.05 m were much bigger than the measured 

fluxes. The main reason for difference between measured and computed downward flux 

rates is that Olkiluoto SVAT model takes transpiration flux from the 0.3 m thick root 

zone. This implies that big proportion of infiltrated water must pass the depth 0.05 m. It 

would be possible to reduce the downward flux at depth 0.05 m by reducing the 

thickness of the root zone but in forested areas roots of trees do probably extend at least 

to a depth of 0.3 m.   

 

Runoff was not measured on FIP plots and therefore, runoff components were 

calculated using the Olkiluoto SVAT model. The model calculates lateral subsurface 

runoff towards ditches and brooks located near the plot and surface runoff caused by 

frozen soil or very high groundwater level. Lateral subsurface runoff is biggest on plot 

FIP4 since it is located on recharge areas and groundwater level is deeper than in the 

other two plots. Surface runoff component is biggest on plot FIP10 due to higher 

groundwater level.   

 

The SVAT model described in this report is too detailed both temporally and spatially 

to be used for biosphere modeling for long-term safety purposes and therefore it was 

necessary to provide outlines for simplifying the existing SVAT model to a 

computational tool that can be used to upscale the FIP plot results to site and regional 

scale.  
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APPENDIX A:   DESCRIPTION OF THE SVAT MODEL  

 

 

A.1  Introduction 

 

The main emphasis is devoted to the computation of water the energy balance of 

compontents of the three FIP plots located on Olkiluoto Island.  Ínterception and 

transpiration of different vegetation types are at a very crucial role in SVAT models (Soil-

Vegetation-Atmosphere-Transfer).  Hydrological processes quantified in energy and water 

balance modelling of forest stands include precipitation, interception, evaporation, 

transpiration, snow accumulation and melt, soil and ground water movement, overland 

flow, horizontal subsurface flow and flow to forest ditches. The importance of each 

process depends on the site properties, size of the area and climatic characteristics, as well 

as on the modelling objectives. Individual processes are always more or less simplified, 

and they may be ignored or embedded with others.  

 

A.2  Description of canopy processes  

 

Interception model 

 

The form of precipitation is determined on the basis of the air temperature. Below 

temperature TL precipitation falls as snow and above temperature TU as rain. Between TL 

and TU the proportion of snowfall (and rain) is a linear function of the air temperature. The 

share of precipitation falling between the trees is computed as a product of the total 

precipitation P and the sky-view fraction fS. The remaining precipitation, i.e. (1 − fS)P, can 

be intercepted in the overstorey canopy and it forms the input to the interception procedure 

of this storage. The interception model adopted from Koivusalo and Kokkonen (2002) is a 

modified version from the interception model proposed by Aston (1979). The following 

equation is used to determine the depth of intercepted water during a time-step, WI: 

 

 IISI CPfk

III eICICW
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00 )()(    (A-1) 

 

where I0 is the canopy storage in the beginning of the computation time-step, CI is the 

interception capacity, and kI is a model parameter and PI is the precipitation input for the 

interception model. The capacity CI is higher for interception of snow (CIS) than for 

interception of rain (CIW).  The interception capacity is much lower in understorey 

vegetation. PI is above canopy precipitation PA in overstorey computation and in 

understorey calculations PI is the fraction that passes through the overstorey.  The change 

in the canopy storage during a computation time-step, ΔI, can be written as  

 

 ΔI =WI − EI      (A-2) 

 

where EI is the depth of interception evaporation during a time-step.  

 

Evaporation out of the interception storage, EI, is calculated using a combination equation 

of the Penman-Monteith type (Monteith, 1965) 
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where S is the gradient of the saturated vapor pressure – temperature curve, Rn is the net 

radiation in the canopy, ρa is the air density, cp is the specific heat of air, ed is the saturation 

vapor pressure at air temperature, ea is the vapor pressure of air, ra is the aerodynamic 

resistance of vapor transport, L  is the latent heat of vaporization, and γ is the 

psychrometric constant.   

 

The aerodynamic resistance ra is calculated according to the eddy diffusion theory 

assuming equal resistances to transfer of heat, vapour and momentum. Although this 

assumption is known not to be strictly valid, it is commonly used in a hydrological context 

(Calder, 1990; Lundberg et al., 1998; Lundberg and Halldin, 1994; Wigmosta et al., 1994; 

Koivusalo and Kokkonen 2002). The wind speed is logarithmic above the canopy, 

exponential inside the canopy and logarithmic above the ground (Choudhury and 

Monteith, 1988; Dolman, 1993; Koivusalo and Kokkonen 2002).  Aerodynamic resistance 

ra is computed by integrating the reciprocal of the eddy diffusion coefficient over the range 

from d0+z0o to zr (Dolman 1993; Koivusalo and Kokkonen 2002): 
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where k is von Karman constant (0.41), ur is wind speed at reference height zr, h0 is 

vegetation height,  d0 is the zero-plane displacement height (=0.63h0), z0o is the roughness 

length of the canopy (=0.13h0), n is extinction coefficient, Kh is the logarithmic diffusion 

coefficient in the canopy.  For understorey computations  zr is 2 m and wind speed is 

transferred from above canopy value to inside canopy wind speed using the exponential 

wind speed profile inside the canopy.   

 

Net radiation 

 

The net radiation adsorbed by the overstorey and understorey canopy, respectively (Rn,oc 

and  Rn,uc) can be calculated according to equations (A-7): 

 

 
4

)1()1( cslsn TRaRRaR    (A-7a) 

 nocn RfSR )1(,     (A-7b) 

 nSucn RfR ,      (A-7c) 

 

where a is albedo, Rs is measured global radiation, Rl is net long-wave heat radiation, Tc is 

canopy surface temperature,  is emissivity of the surface and  is Stefan-Boltzman 
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constant.  Fraction (1-fS) of net radiation is taken up by the overstorey canopy and sky-

view fraction fS by the understorey canopy. 

TRANSPIRATION FLUX 

 

Computation of transpiration rates of the overstorey, Toc, and understorey, Tuc, can be 

done using the Penman-Monteith equation:  
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Canopy resistance 

 

Resistance of the overstorey canopy, rc,oc and understorey canopy, rc,uc, needed in Eqs. (A-

8a) and (A-8b) can be obtained by using the concepts defined by Kellomäki and Wang 

(2000).  Resistance is calculated from canopy conductances gc,oc and gc,uc.  Canopy 

conductances were calculated from Eqs. (A-9) and (A-10): 

 

 )()()()()(,,, asaaMAXoccocc CfRfTfhfDfgg   (A-9a)    

 )()()()()(,,, asaaMAXuccucc CfRfTfhfDfgg   (A-9b) 

  

    (A-10)   

 

where gc,oc,MAX and gc,uc,MAX are maximum conductances for overstorey and understorey 

canopies. gc,oc,MAX was calibrated from existing transpiration (sap flow) measurements and 

and gc,uc,MAX was estimated from literature data. Relative influence of various 

meteorological or soil variables on canopy conductance is defined by functions f(Da), f(h), 

f(Ta) and f(Ca) taken from Kellomäki and Wang (2000) and function f(Rs) adopted from 

Dolman and Nonhebel (1988). Da is vapour pressure deficit (kPa), h is soil water potential 

(MPa), Ta is air temperature, Ca is ambient concentration CO2 (ppm), Rs is global radiation 

(W m
-2

) and kg1..kg8 are parameters of the relative conductivity functions (see Appendix 2).  

 

Canopy resistances were calculated as the reciprocal of the corresponding conductivities. 
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Stem flow 

 

In forested areas stem flow, PSTEM,   is the fraction of rainfall and canopy snowmelt that 

flowing along the stems of the trees. Precipitation gauges located under the trees do not 

catch this part of total rainfall and it has to be removed from total throughfall so that 

measured and computed throughfall can be compared with each other.   
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where  fSTEM,MAX  and fSTEM,EXT are parameters to be calibrated.  The parameter values are 

different for pine, spruce and deciduous forests. PC is sum of rainfall above canopy PW and 

canopy snowmelt MC subtracted by the depth of intercepted water WI.   

 

Throughfall PT during a computation time-step through the overstorey can be written as  

 

  PT = [(1− fS)P −WI] - PSTEM + fSP +US,    (A-13) 

 

where US is the snow unloading during a computation time-step. When the air temperature 

increases above the freezing point and the canopy storage is greater than CIW, unloading of 

the intercepted snow (in excess of CIW) occurs. Occurrence of snow unloading is checked 

in the beginning of the computation time step before the depth of intercepted water WI is 

determined according to Eq. (A-1) (Koivusalo and Kokkonen 2002).  

 

 

A.3  Snow accumulation and snowmelt 

 

Snow accumulation and snowmelt must be modelled both in the canopy storages and on 

the ground in order to get the overall water balance of FIP plots.  Detailed snow water 

equivalent and snow depth measurements were not available from from the forest 

intensive plot.  Therefore, a simple degree-day model was selected  as a basis for the 

snowmelt computations: 
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where M is snowmelt, KM is degree-day factor, TA is average  temperature of air and 

TB,M is base temperature for melting, KMIN and KMAX are the minimum and maximum 

values for degree-day factor, MCUM is cumulative snowmelt during that winter/spring 

and KCUM is a parameter.   The reason to use the cumulative snowmelt as an explaining 

variable of the degree-day factor KM has been explained by Vehviläinen (1992).  During 

the snowmelt period, the physical properties of snow change considerably.  Snow 

becomes more granulated, its density increases and, the albedo of the snow surface 
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drops from 0.8 to about 0.5.  This results in increased degree-day factor  towards the 

end of the melting period.   Mathematically this phenomenon is taken into account by 

increasing KM as a function of the cumulative snowmelt MCUM.   

 

According to Kuusisto (1984) snowmelt parameter KM is approx. 2.5 mm °C
-1

 d
-1

 in 

clearings and approx. 2.8 mm °C
-1

 d
-1

 in forests, the coverage of crowns being 20 %. 

From this point snowmelt parameter declines linearly and reaches the value of 1.2 mm 

°C
-1

 d
-1

 when  the coverage of the crowns is 80 %.  According to Hiitiö (1982) degree-

day factor for different terrain types were: 2.24 mm °C
-1

 d
-1 

for spruce forests, 2.80 for 

deciduous forests and 3.0 for open areas.  The degree-day factors increased from 2.1 to 

2.4 in spruce forests, from 2.4 to 3.1 in deciduous forests and from 2.9 to 3.3 mm °C
-1

 d
-

1 
 in open areas towards the end of the melting season.   

 

Calculation of water retention capacity of the snowpack 

 

Snowmelt or rainfall increases the density of snow causing the water to store in the 

snow until it becomes sufficiently "wet". The quantity of water exceeding this limiting 

value is given as "yield" to the rainfall-runoff model.  The quantity of water stored in 

snow cover SLIQ (mm) is a function of the water equivalent of snow SWE (mm) and thus 

a continuously changing factor. Moreover, the maximum water holding capacity of 

snow fCAP (fraction) changes as a function of the structure of the snowpack: the water 

retention capacity has its maximum relative value in the beginning of the snow 

accumulation period and relative value decreases with the age of the snowpack.  Thus 

the development of the liquid water retention capacity fCAP is opposite that for the 

degree-day factor. Mathematically the calculation of this phenomenon is taken into 

account by decreasing fCAP as a function of the cumulative snowmelt MCUM (mm) 

according to Eqs. (A-15) (Vehviläinen 1992).   
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ff);MC1(ff     (A-15) 

 

where fC,MAX and fC,MIN are the maximum and minimum liquid retention capacity of the 

snow cover (fractional values) , CCUM is an empirical parameter, SLIQ is the maximum 

amount of liquid water in the snowpack  and SWE is the snow water equivalent.  The 

water retention procedure.  According to Vehviläinen (1992), average values and 

standard deviations of the parameter values based on model calibration studies are as 

follows: fC,MAX 0.17 and 0.084,  fC,MIN 0.05 and 0.028 and CCUM 0.018 and 0.019. 

According to field measurements the water retention capacity fCAP varies usually 

between 0.05...0.15 (Kuusisto 1984). 

 

Calculation of refreezing process 

 

Refreezing of the liquid water is included in the model. It is defined in this case by the 

diurnal average temperature so that, below the threshold temperature TB,F, refreezing MF 

(positive value)is calculated according to the following formula (Vehviläinen 1992): 
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where TB,F (°C), refreezing parameter KF (mm °C
-1

 d
-1

) and empirical exponent eF have 

to be calibrated. According to Vehviläinen (1992), average values and standard 

deviations of the parameters are as follows: TB,F  –1.7 and 1.2 (°C), KF 1.5 and 1.4 and 

eF 0.36 and 0.44.  

   

Calculation of snow density and depth  

 

Snow density S,I  (kg dm
-3

) and snow depth  DS,i (mm) for day i are calculated using 

equations (3-5): 
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where S,i-1 and DS,i-1 are snow density (kg dm
-3

) and snow depth (mm) during the 

previous day,  PS,i (mm) is the amount of  new snow falling during day i, NEW is 

density of new snow (around 0.1 kg dm
-3

) and  PACK is an empirical "snowpacking" 

parameter that takes into account the fact that snow density increases when the snow 

cover is ageing.  Typical values for PACK are around 0.01..0.02 indicating that during 

each day snow density is increased around 1-2 % if there is no new snow during the 

day.  However, it is easy to figure out that equation (3-5) can lead to too dense 

snowpack if the snowfree period during the winter is long enough.  To prevent this the 

model limits the density to a maximum value MAX (around 0.30..0.35 kg dm
-3

) that 

cannot be exceeded. 

 

A.4  Soil water balance 

 

Soil water fluxes were calculated using the Olkiluoto surface hydrology model, which 

solves the water fluxes in unsaturated-saturated soil by solving the Richards equation 

(Karvonen 2008).  A dual permeability version of the model was used in the Olkiluoto 

SVAT model.  The macropores represent the root channels, worm holes etc. which have 

much bigger hydraulic conductivity as compared to soil matrix.  Olkiluoto surface 

hydrology model includes also the interaction between the overburden soil layers and 

the underlying bedrock.  Model can be solved either in full 3D version or collapsed to 

quasi-3D version that solves vertical fluxes in 1D and horizontal fluxes are taken from 

the profile depending on surface ditches or small brooks flowing through the plot.  

Surface runoff can play seasonally a very important role and in model surface runoff 

can be produced if groundwater level raises close to soil surface.  In forested areas 

lateral subsurface flow in the A- and B-horizons is also very important.  The details of 

the soil water computations have been given by Karvonen (2008).   
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APPENDIX B:   PARAMETER VALUES OF OLKILUOTO SVAT MODEL 

 

Table B-1.  Parameter values of overstorey (trees) interception models.   

 

 
 

 

Table B-2.  Parameter values of understorey interception models.   
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Table B-3.  Parameter values of canopy conductance models.  
 

 
 

Table B-4.  Parameter values of snow accumulation and snowmelt models.  
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APPENDIX C:  Measured sap flow rate versus computed transpiration rate in Forest 

Intensive Monitoring Plot FIP4 (pine forest).  Hourly values of sap flow/transpiration flux 

(mm/h) shown approximately in two-week periods (07.06.2007-06.06.2008).  
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Appendix C: Measured sap flow rate versus computed transpiration rate in FIP4. 
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Appendix C: Measured sap flow rate versus computed transpiration rate in FIP4. 
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Appendix C: Measured sap flow rate versus computed transpiration rate in FIP4. 
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Appendix C: Measured sap flow rate versus computed transpiration rate in FIP4. 
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APPENDIX D: Measured sap flow rate versus computed transpiration rate in Forest 

Intensive Monitoring Plot FIP10 (spruce).  Hourly values of sap flow/transpiration flux 

(mm/h) shown approximately in two-week periods (07.06.2007-06.06.2008). 
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Appendix D: Measured sap flow rate versus computed transpiration rate in FIP10. 
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Appendix D: Measured sap flow rate versus computed transpiration rate in FIP10. 
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Appendix D: Measured sap flow rate versus computed transpiration rate in FIP10. 
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Appendix D: Measured sap flow rate versus computed transpiration rate in FIP10. 
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