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4 ODENSE RIVER CATCHMENT DATA REPORT 

Peter van der Keur, Dirk-Ingmar Müller Wohlfeil, Eline Haarder  
& Jens-Christian Refsgaard  

Geological Survey of Denmark and Greenland (GEUS) 

 

The Odense Pilot River Basin project comprises Denmark’s contribution to the testing 
of a number of EU guidance documents relating to implementation of the Water 
Framework Directive (WFD). All relevant information in this respect is described in 
Fyns Amt (2003): ‘Odense Pilot River basin, Provisional Article 5 Report pursuant to 
the Water Framework Directive’ and a pdf file of this report is available from 
www.OdensePRB.fyns-amt.dk. For further information refer to section 1.5 on previous 
studies. 

Within the HarmoniRiB project a conceptual model (database) is developed for storing 
river basin data which can record uncertainty and can subsequently be used for extract-
ing data for modeling studies. The aim of the present report is to document the dataset 
from the Odense River Basin added to this database system and suitable for studying the 
influence of uncertainty on management decisions based on modeling studies 

A meta data description is provided for the data uploaded to the database system for the 
Odense river basin and the uncertainties connected to these data. For baseline data of 
the basin refer to Fyns County (2003). 

4.1 Geographical description 

Odense River Basin encompasses an area of approx. 1 046 km2 and includes approx. 
1100 km of open watercourse as well as 2,600 lakes and ponds (>100 m2). The present 
landscape of Fyn was primarily created during the last Glacial Period 11,500 to 100,000 
years ago.  

The most common landscape feature is moraine plains covered by moraine clay that 
was deposited by the base of the ice during its advance. The meltwater that flowed away 
from the ice formed meltwater valleys. An example is the Odense floodplain, which was 
formed by a meltwater river that had largely the same overall course as today’s river. 
The clay soil types are slightly dominant and encompass approx. 51% of the basin, 
while the sandy soil types cover approx. 49%. The moraine soils of Fyn are particularly 
well suited to the cultivation of agricultural crops. Agriculture has therefore left clear 
traces in the landscape. Deep ploughing, liming and the suchlike have thus rendered the 
surface soils more homogeneous. Figure 4-1 shows the Odense River basin and the dis-
tribution of urban areas, lakes and woodland. 
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Figure 4-1: The Odense River Basin (Fyns County, 2003) 

4.1.1 Environmental situation 

Odense Fjord catchment is affected by impacts of nutrients, pesticides and hazardous 
substances from the land, atmosphere and adjacent water bodies. Monitoring carried out 
by Fyn County Council since 1976 shows that the objectives of the Regional Plan for 
the catchment are still not obtained, neither for the open coastal waters, nor the adjoin-
ing shallow water areas, fjords and coves. Phosphorus input to the coastal waters have 
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been reduced by more than 75 % due to improved treatment of wastewater, compared 
with the period 1976-1987. Land-based nitrogen input has been reduced by 25-35 %. 
The environmental state of the majority of the lakes is not satisfactory. The lakes are 
affected primarily by nutritional sewage outlets from scattered settlements and diffuse 
runoff from agriculture. The environmental state is satisfactory in 60 % of the major 
streams in the catchment, whereas this is valid for 20 % of the minor streams. Wastewa-
ter from scattered settlements as well as bad physical conditions caused by among other 
things heavy-handed maintenance are the major causes to this. 

According to the WFD  typologies, reference conditions and future objectives for each 
type of water body - rivers (here named streams), lakes, groundwater and transitional 
waters, have been established in the Odense river basin by Fyn County and is thor-
oughly described in Fyns County (2003).  

4.1.2 Rivers 

The largest watercourse in Odense River Basin is the Odense River, which has a catch-
ment area og 1060 km2. The main reach of Odense River is 60 km long and up to 30 m 
wide, which makes it a small river seen from a European perspective. Figure 4-2 shows 
the river network in Odense River basin. 

An analysis of the large watercourses in Fyn County reveals that appr. 46% are regu-
lated and thereby have been shortened by 5-10%. It is unclear to what extend the small 
watercourses have been modified. In general, the upper parts of the watercourses are 
more heavily modified than the lower. Approximately 25% of the total watercourse of 
Odense River is piped, and 60% of the remaining watercourse has been modified by 
man. 

 

Figure 4-2: River network in Odense River Basin (Fyn County, 2003) 
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Fyn County’s current Regional Plan stipulates a future quality objective stating the use 
for which each stream should be suitable. Whether a stream fulfils its quality objective 
is determined biologically from the fauna class (Danish Stream Fauna Index, DSFI). 
Since the fauna class at a given location can vary from year to year, among other rea-
sons due to differences in precipitation and hence runoff, the objective is only consid-
ered to be fulfilled in regional environmental administration if the minimum fauna class 
requirement has been met for at least five consecutive years. Under the provisions of the 
WFD, streams have henceforth to be subdivided into five classes of ecological status. 
The objective here is that all streams should achieve good ecological status by 2015 at 
the latest, while at the same time preventing deterioration in the existing status. A sim-
ple and manageable means of converting to the new system is to initially continue to 
employ the macroinvertebrate fauna to assess fulfilment of the objective. This is not 
without problems, though, as the DSFI employs a 7-step scale and the WFD a 5-step 
scale. Moreover, the WFD prescribes the use of considerably more quality elements, 
including both physicochemical elements and other biological elements. In order to de-
termine what consequences this can have, a more detailed analysis has been made of 
data from 103 monitoring stations in Fyn County for which more detailed information is 
available, for example on land use and physicochemical and biological conditions. Re-
garding size and fauna class, the stations turned out to be reasonably representative for 
the whole regional station network, as well as for the station network in Odense River 
Basin, although, as mentioned earlier, the smallest streams are under-represented in the 
monitoring. The analysis encompassed an initial selection of the strongest descriptive 
variables in the data set and subsequent statistical analysis of these variables. From this 
it is apparent that there is a positive correlation between the selected biological vari-
ables and stream size, the presence of natural, varied physical conditions in the stream 
and the presence of woodland around the stream, respectively. Correspondingly, there is 
a negative correlation to the degree of anthropogenic pressure described by land use for 
agriculture, stream regulation and input of easily metabolizable organic matter (BOD5) 
and nutrients from the surroundings, respectively. It should be noted that even though 
BOD5 is of relatively minor significance in this data set, an analysis of small streams 
alone would show that its significance for biological conditions is considerably greater 
(Fyn County, 2001). 

4.1.3 Lakes 

Due to the lack of knowledge it will be difficult to establish reference conditions for 
many of the lake types. None of the lakes in Fyn County can be said to hold reference 
conditions as they are all more or less affected by enhanced nutrient loading. Palaeo-
limnological studies in Danish lakes show that the best proposal for reference condi-
tions from the temporal point of view is the period around 1850–1900 (National 
Environmental Research Institute, in prep.). Palaeolimnological studies have been un-
dertaken in a few lakes in Odense River Basin. In Lake Langesø the phosphorus con-
centration was already high in 1850 (0.135 mg/l) and increased considerably until 
around 1900 (to approx. 0.180 mg/l) and again after 1950 (to approx. 0.220 mg/l). The 
eutrophication that took place at the end of the 19th Century is probably attributable to a 
manor located near the lake. New investigations of a deeper drill core show that the 
phosphorus content was also high before 1850. The lake is apparently naturally eutro-
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phic, probably as a result of the inflow of phosphorus-rich water from naturally phos-
phorus-rich soil layers. In 2002, the phosphorus concentration was 0.172 mg/l.  

Lake Arreskov is encompassed by international protection, EC Habitat and EC Bird 
protection sites. In this area “favourable conservation status” has to be achieved for cer-
tain species of aquatic plants and birds. 

4.1.4 Groundwater  

The WFD does not directly specify criteria for assessing the quality of the groundwater. 
The criteria have been subsequently specified in the Groundwater Directive. In Fyn 
County an objective has been set regarding the pesticide content of the groundwater, 
namely that pesticides and pesticide metabolites may not be present in the groundwater. 
Among other things, the background for this objective is that it must be possible to base 
the drinking water supply on uncontaminated groundwater. Fyn County has also set an 
objective for the nitrate content of the groundwater, namely that the nitrate content may 
not exceed 25 mg/l in nitrate-contaminated groundwater zones in the identified ground-
water bodies (Fyn County, 2005) differ from the criteria established for assessing good 
chemical status of groundwater in the Groundwater Directive, namely 0,1 μg/l for pesti-
cides and their relevant metabolites, and 50 mg/l for nitrate.  

The overall assessment is that in view of the pressure of land use and nutrient loading 
many of the aquifers are at risk of failing to meet the objective set and must therefore be 
considered to be threatened. The aquifers therefore need to be characterized further in 
order to more precisely determine the magnitude of the risk. 

4.1.5 Transitional waters 

Nutrient loading of the fjord from anthropogenic sources is high due to the large size of 
the catchment (1,060 km2), which corresponds to one third of the area of Fyn and is 
characterized by intensive agricultural production and a high population density. Thus 
in 2001, for example, total loading from the catchment and the atmosphere amounted to 
approx. 32 g N (or 2.3 mol N) and approx. 0.88 g P (or 0.03 mol P) per m2 of fjord, with 
atmospheric deposition only accounting for 5% or less. Given this high level of loading, 
Odense Fjord can be characterized as a eutrophic water body. Both national and local 
initiatives initiated in the late 1980s have helped reduce this high level of loading, and 
the point-source dominated P load has since been reduced by a factor of 6–7. The N 
load, which is predominantly attributable to diffuse loading from farmland, has only 
been reduced by around 1/3. 

4.1.6 Socio-economical overview 

4.1.6.1 General 

Just as elsewhere in Denmark, land use in Odense River Basin is dominated by agricul-
tural exploitation. Farmland thus accounts for 68% of the basin. Of the remainder, 
approx. 16% is accounted for by urban areas, 10% by woodland, and 6% by natu-
ral/seminatural areas (meadows, mires, dry grasslands, lakes and wetlands, which are 
protected by Section 3 of the Protection of Nature Act). The corresponding figures for 
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farmland, woodland and natural/seminatural areas for Denmark as a whole are 62%, 
11% and just over 9%, respectively. The population of Odense River Basin numbers 
approx. 246 000, of which approx. 182 000 inhabit Odense, which is Denmark’s third 
largest city. Approx. 90% of the population in the basin discharge their wastewater to a 
municipal wastewater treatment plant. The remaining 10% of the population live out-
side the towns in areas without access to sewerage. There are a total of 6 900 residential 
buildings in these sparsely built-up areas outside the sewerage system catchments. Due 
to increasing industrialization and the spread of flushing toilets, poorly treated wastewa-
ter from towns, dairies, abattoirs etc. started to be discharged into the water bodies of 
Fyn at the beginning of the 20th Century. In the 1950s, the agricultural sector also 
started to cause serious pollution of the aquatic environment by discharging silage juice, 
liquid manure and manure seepage. Many of the dairies and abattoirs were subsequently 
closed down due to centralization, and serious efforts were initiated to treat urban 
wastewater. Measures of change were not made until the 1980s and early 1990s when 
treatment of urban and industrial wastewater was considerably improved, and unlawful 
discharges of silage juice etc. by the agricultural sector were stopped. (Fyns County, 
2003). 

4.1.6.2 Agricultural conditions 

In 2000, there were approx. 1 870 registered farms in Odense River Basin, of which 
approx. 960 were livestock farms. Livestock production in the basin amounts to approx. 
60 000 livestock units (LU) (1999–2002), consisting of 59% pigs, 37% cattle and 4% 
other livestock. Livestock density averages 0.9 LU/ha farmland, corresponding to the 
national average, but varies to some extent within the individual catchments that com-
prise Odense River Basin. Overall, livestock production in the basin has increased in 
recent years. This masks a production decrease in dairy farming and a marked increase 
in pig farming. Based on the applications for permission to increase herd size submitted 
to Fyn County (EIA screening) it is concluded that livestock production will continue to 
increase in the coming years. Thus in the period from 2000 to mid 2003, permits have 
been granted to increase livestock production in the basin by 17%. The dominant crop 
in Odense River Basin is cereals (2/3 winter cereals), while only 10% is accounted for 
by grass/green fodder. The concentration of market gardens in the basin is relatively 
high, occupying approx. 3% of the farmland (Fyns County, 2003). 

4.1.6.3 Historical development – Artificial drainage and land reclamation in Odense 
River Basin 

Over the past 50–100 years, artificial drainage has been established on an estimated 
55% of the cultivated land in Odense River Basin. The aim has been to ensure rapid 
drainage of the arable land and to optimize the possibilities for cultivation. In addition, 
mires, meadows, watercourses and shallow lakes and areas of the fjord have undergone 
major physical changes or have been erased from the map due to reclamation of the land 
for cultivation. Thus 72% of the major areas of meadow and mire have disappeared 
from Odense River Basin over the past 100 years. Much of this has been turned into 
farmland through regulation of watercourses. Recent land use is illustrated in Figure 
4-3. 
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Figure 4-3: Land use in Odense River Basin (Fyn County, 2003). 

4.1.7 Previous studies 

Odense Pilot River basin, Provisional Article 5 Report pursuant to the Water Frame-
work Directive’ This report is available from www.OdensePRB.fyns-amt.dk 

Nielsen, K., Thorsen, M., Markager, S., Jensen, J.P., Søndergaard, M., Refsgaard, J.C., 
Styczen, 

M., Dahl-Madsen, K.I., Børgesen, C.D., Wiggers, L., Perdersen, S.E & Madsen, H.B 
(2003): 

Kvantificering af næringsstoffers transport fra kilde til recipient samt effekt i vandmil-
jøet. Modeltyper og deres anvendelse illustreret ved eksempler. Danmarks Miljøunder-
søgelser. 114 s. - 

Faglig rapport fra DMU nr. 455 (in Danish). Available from: http://faglige-
rapporter.dmu.dk 

Nielsen, K., Styczen, M., Andersen, H.E., Dahl-Madsen, K.I., Refsgaard, J.C., Peder-
sen, S.E.,Hansen, J.R., Larsen, S.E., Poulsen, R.N., Kronvang, B., Børgesen, C.D., 
Stjernholm, M., Villholth, K., ,Krogsgaard, J., Ernstsen, V., Jørgensen, O., Windolf, J., 
Friis-Christensen, A, Uhrenholdt, 

T., Jensen, M.H., Hansen, I.S., Wiggers, L. (2003): Odense Fjord – Scenarier for reduk-
tion af næringsstoffer. Danmarks Miljøundersøgelser. 276 s. - Faglig rapport fra DMU 
nr. 485 (in danish) Available from http://faglige-rapporter.dmu.dk 
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Fyns County (2005): Kortlægning af grundvandsressourcerne - Status for vandressour-
cekortlægningen 2005 Miljø- og Arealafdelingen, Fyns County (in Danish). Available 
from http://www.fyns-amt.dk/wm106254 

Fyn County (2001): Aquatic Environment of Fyn, Denmark, 1976-2000. Streams and 
Lakes, Coastal Waters, Groundwater, Environmental Impact of Wastewater and Agri-
culture. Fyn County, Odense, Denmark, pp. 148. Available from: http://www.fyns-
amt.dk 

4.1.8 Uncertainty assessment 

The uncertainty of data described in this report is structured according to the methodol-
ogy proposed in Brown (2004).  The characterisation of data uncertainty for the Odense 
basin is done at the scale of the actual measurement in space and time (sample support) 
using recommendations in van Loon & Refsgaard (2005), and if an assessment can be 
made with respect to what scale such ‘sample support’ measurement are to represesent 
in an environmental modelling study, then uncertainty is also evaluated at this rescaled 
support as proposed in Refsgaard et al. (submitted).  The assessed data uncertainty can 
then be used to define and store uncertainty models by means of the Data Uncertainty 
Engine, DUE (Brown & Heuvelink, 2006) for data uploaded to the HarmoniRiB data-
base. 

4.2 Meteorological Data 

4.2.1 Meteorological Stations and Their Locations 

Seven precipitation stations are selected to represent the catchment of Odense Fjord and 
one meteorological station is selected to represent the catchment concerning tempera-
ture, relative humidity, wind speed, wind direction, potential evaporation and solar ra-
diation. The locations are shown on Figure 4-4. Further description of data are provided 
in Thomsen & Rosenørn (2004). 

 

Figure 4-4: Location of met stations in Odense catchment (Thomsen & Rosenørn, 2004) 
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Seven stations were selected to represent the catchment of Odense Fjord regarding daily 
observed precipitation in the period 1990-2003 (Table 4-1 and 4-3). 

Table 4-1: Met stations in the Odense catchment and their positions (refer to Figure 
4-4) 

Met. station Site Code Lat (Deg) Lon (Deg) 
Årslev 06126 551900 102600 
Sasserod 28160 552700 100800 
Dalum 28170 552200 102400 
Agedrup 28190 552600 103000 
Heden 28300 551500 102200 
Gundestrup 28335 552000 101500 
Korinth 28400 550900 102100 
Hundtofte 28420 551000 102900 

 

The meteorological station 06126 Årslev is selected to represent the Odense catchment 
for daily temperature, daily relative humidity, daily resulting wind vector speed, daily 
resulting wind direction vector, daily accumulated potential evaporation and daily solar 
radiation (Table 4-4).  

During the period 1990 to June 2001 the station number for Årslev was 28281. In 2001 
(June 14) the station was modernized and the station number was changed to 06126, but 
the position is exactly the same as before. The entire series will therefore be reported as 
06126 Årslev. The daily averages of climatic variables for Årslev are made for the me-
teorological day i.e. from the previous day at 06 UTC (but not including) until and in-
cluding the actual day at 06 UTC. Thus the meteorological day 07.03.04 represents the 
period 06 UTC 06.03.04 – 06 UTC 07.03.04.. For the period 01 January to 06 June 
2001 the calculations of daily values are based on 24 observations. For the period 14 
June 2001 to 31 January 2003 the calculations of daily values for temperature and rela-
tive humidity, resulting wind vector speed, resulting wind direction vector are based on 
8 observations, and the calculations of daily solar radiation and accumulated potential 
evaporation are based on 24 observations. The daily solar radiation is calculated as a 
sum of the observations for the meteorological day. The accumulated potential evapora-
tion is calculated by means of a modified Makkink formula (Scharling, 2001). 
The instruments used for the replaced automatic station 28281 and the new synop sta-
tion 06126 are listed in Table 4-2. All precipitation is measured by means of a Hellman 
raingauge. 

Table 4-2: Met station instrumentation 

Variable Instrument 28281 Instrument 06126 
Solar radiation CM11 Kipp and zonen Star sensor 
Temperature PT500 Aanderaa PT100 Vaisala 
Wind speed Malling 884 Waa151 and Wav151 Vaisala 
Rel. humidity Lambrecht hair hygrometer Humicap Vaisala 
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Figure 4-5: Average annual precipitation 1960-1990 (Fyns County, 2003) 
 

Table 4-3: Daily rainfall for various met stations: Example of file format (empty values 
in last two columns represent missing values) 
Attrib. code    
Station no. 28160 28170 28190 28300 28335 28400 28420 

 daily rain daily rain daily rain daily rain daily rain daily rain daily rain
Date mm mm mm mm mm mm mm 
01-01-1990 0 0 0.3 0 0.2 … … 
02-01-1990 0 0.9 0 0 0   
03-01-1990 0 0 0 0 0   
04-01-1990 0 0 0 0 0   
05-01-1990 1.8 0 0.3 1.9 1.4   

Table 4-4: Air temperature, relative humidity, potential evapotranspiration, wind direc-
tion, wind speed and solar radiation at Årslev meteorological station: example of file 

format. 

Station no.     6126 Temp rel.hum. pot.evap. wind direc-
tion 

wind speed solar rad. 

Attribute code   
Date     Unit ºC % mm degrees M s-1 W m-2 
01-01-1990 -0.6 95 0 40 0.9 2 
02-01-1990 -0.2 97 0.1 61 1.2 5 
03-01-1990 -0.8 83 0 98 1.9 4 
04-01-1990 -0.7 80 0 117 2.3 4 
 

Daily precipitation is observed every morning at 8 AM local time. All precipitation ob-
servations have been made using a Hellmann gauge, the height of the gauge is in gener-
ally 150 cm above ground level. 
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4.2.2 Uncertainty in Meteorological Data 

The classification and characterisation of meteorological data is shown in Table 4-5. 
The uncertainty of precipitation data varies both in time and in space (D1) at the scale 
of the Odense basin.  However,  in Refsgaard et al. (submitted) it is argued that an un-
certainty model can be chosen that assumes the data and their uncertainty to be continu-
ous numerical variables that varies in time but are constant in space (B1). The more 
qualitative characterisation of uncertainty of the precipitation data according to type 
empirical uncertainty (M1), methodological quality (I3,S2/3,O3/4) and longevity (L2) 
are more straightforward. Allerup et al. (1981) in their statistical analyses of temporal 
and spatial correlation found temporal autocorrelation on daily data in the order of a few 
days. We have therefore assumed a parameter value for the autocorrelation length scale 
of 2 days. 

The climatic data on temperature, relative humidity, wind direction and speed and solar 
radiation have a measurement time support of 1 day obtained from aggregated continu-
ous measurements. The uncertainty category for all variables is B1 (varies temporally, 
not in space) and the empirical uncertainty, methodological quality and longevity is as 
for precipitation (Barca et al., 2005), except for air temperature and relative humidity 
where the overall method is evaluated as O4, i.e. approved standard in well established 
discipline. As the potential evapotranspiration is calculated and not directly measured, 
the methodological quality is O2, as the method is accepted, but with limited consensus 
on reliability. Plauborg et al. (2002) reported that potential evapotranspiration calcu-
lated using the Makkink formula (Makkink, 1957) could be up to 10 % overestimated 
(Table 4-5). The measurement space support for air temperature, relative humidity and 
solar radiation is the sensor area of about 10 cm2. The autocorrelation function is as-
sumed to be of the exponential type with a length scale of 2 days as for precipitation.  
 

Table 4-5: Classification and estimation of uncertainty associated with meteorological 
data (Refsgaard et al., submitted).  

Variable 

M
easurem

ent – 
Space support 

M
easurem

ent –
Tim

e support 

U
pscaled space 

support 

U
pscaled tim

e 
support 

U
ncer-tainty 
category 

Type of em
piri-

cal uncertainty 

M
ethodological 

quality 

Longevity 

Pdf type 

Pdf param
eters 

(m
ean, std) 

Variogram
/corr

elogram
  

(Type, length 
scale) 

Precipitation 200 cm3 1 day 13 x 
13 km2 

1 day B1 M1 I3, S2, 
O3 

L2 N (0, 105%) Exp (a= 2 
days) 

Air tempera-
ture 

10 cm2 1 day 10 cm2 1 day B1 M1 I3, S3, 
O4 

L2 N (0, 1°) Exp (a= 2 
days) 

Relative hu-
midity 

10 cm2 1 day 10 cm2 1 day B1 M1 I3, S3, 
O4 

L2 N (0, 5%) Exp (a= 2 
days) 

Pot. Evap. 10 cm2 1 day 1-20 
m2 

1 day B1 M1 I3, S3, 
O4 

L2 N (0, 10%) Exp (a= 2 
days) 

Solar radia-
tion 

10 cm2 1 day 10 cm2 1 day B1 M1 I3, S3, 
O4 

L2 N (0, 5%) Exp (a= 2 
days) 
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4.3 Rivers 

4.3.1 Hydrological Data 

There are 10 river gauging stations in the basin (Table 4-1) and their geographic loca-
tions as well as draining areas shown in Table 4-7. At these stations water levels are 
measured by continuous recordings. Discharge measurements are made manually by use 
of current meters at regular (approximately monthly) intervals and rating curves are es-
tablished. The ratings curves are not constant in time due to changes in bed form and 
growth of weed. The water level recordings are transformed to average daily water lev-
els, which then are converted to average daily discharges by use of a time varying rating 
curve. Data are collected for the period 1990 – 2000. 

Table 4-6: Daily mean discharge [m3/s] from 1-1-1990 to 31-12-2000 at various sta-
tions (provided by Fyn County) 

Station no. 45_01 45_05 45_20 45_21 45_22 45_23 45_24 45_25 45_26 45_27 
Date and Time / Unit m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s m3/s 

1990/01/01 00:00 2.88864 0.261478 0.162368 4.25 0.4995 0.15 0.160493 0.226629 4.92 0.4519

1990/01/02 00:00 2.73477 0.233562 0.155404 4.119 0.4878 0.15 0.167055 0.230696 4.79 0.41537

1990/01/03 00:00 2.54696 0.231905 0.147261 4.003 0.4718 0.15 0.175433 0.205823 4.67 0.39036

1990/01/04 00:00 2.38628 0.218315 0.143725 3.69 0.4408 0.14 0.175397 0.20275 4.34 0.37233

1990/01/05 00:00 2.46317 0.209432 0.147756 3.607 0.3717 0.13 0.172415 0.20039 4.34 0.31182

Attrib. Code HYDR 002003 002003 002003 002003 002003 002003 002003 002003 002003 002003 

Table 4-7: Location of monitoring stations (provided by Fyn County). 

Station Place Latitude Longitude Drained area (km2)
45_01 Odense River 55.25679 10.23085 301 
45_05 Ryds River 55.41707 10.30642 42 
45_20 Holmehave Creek 55.30662 10.27457 32 
45_21 Odense River – Kratholm 55.33376 10.32802 486 
45_22 Stavis River 55.43408 10.29468 78 
45_23 Lunde River 55.48719 10.34501 42 
45_24 Geels River 55.43427 10.5283 27 
45_25 Vejrup River 55.42391 10.48198 42 
45_26 Odense River – downstrean Ejby Mill 55.40131 10.42123 535 
45_27 Lindved River 55.39254 10.45925 65 

4.3.2 Physio-chemical Data 

4.3.2.1 N and P in Streams 

The concentration of Total nitrogen (Tot N) and Total Phosphorus (Tot P) is monitored 
at some of the same river gauging stations where water levels are also measured. Daily 
data have been collected from 4 stations for the period 1990-2000. The samples for Tot 
N analyses are taken as time proportional sampling aggregated over one day. The sam-
ples are taken at a point in the river, which is indicated by a space support of 100 ml in 
Table 4-10.  
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4.3.2.2 Heavy metals, pesticides and physio-chemical characterisation 

The concentration of about 10 compounds of heavy metals is monitored at some of 
same river gauging stations where also water levels are measured. Data have been col-
lected from 2 stations and 29 compounds for the period 1990-2000. Samples for heavy 
metals are taken as instantaneous samples in small volumes with a space support of 
about 100 ml. Therefore the time support is indicated as 10 s and the space support as 
100 ml in Table 4-10. Sampling is made approximately once per month. The concentra-
tions of about 29 pesticides and other organic compounds are monitored at two of the 
same river gauging stations where also water levels are measured. Data have been col-
lected from the two stations for the period 1998-2003. Samples are taken as instantane-
ous samples in small volumes. Therefore the time support is indicated as 10 s and the 
space support as 100 ml in Table 4-10. Sampling is made approximately once per 
month. Physio-chemical properties were measured at various sampling stations within 
the period 1990 and 2003. The actual sampling period varies between sampling stations 
and properties sampled. Usually the temporal resolution is approximately bi-weekly. An 
overview of  compounds uploaded is provided in Table 4-8 and Table 4-9. 
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Table 4-8: Measured chemical compounds at selected stations sampled occasionally 
from 1998 to 2003 (provided by Fyn County). 

Compound HRIB Atrtribute code 45_01 45_02  45_21 Unit 
 Dictionary: 
PHCH 

Date Value Date Value Date Value  

2.1. COD 040704 1991/01/10 23  24 mg/l O

Dissolved Cd 040554 1998/07/14 0.0290   ug/l Cd
Cadmium 040553 1998/07/14 0.028   ug/l Cd
Acenaphthen 040360 1998/10/05 <0.01  <0.01 ug/l 
Acenaphthylen 040365 1998/10/05 <0.01  <0.01 ug/l 
Aldrin 040383 1998/10/05 <0.01  <0.01 ug/l 
Antracen 040428 1998/10/05 <0.01  <0.01 ug/l 
Arsenic 040439 1998/07/14 1.2   ug/l As
Atrazin 040445 1998/10/05 <0.01  <0.01 ug/l 
Azinphos-ethyl (*) 040450 1998/10/05 <0.01  <0.01 ug/l 
Azinphos-methyl 040455 1998/10/05 10  <10 ng/l 
Bentazone 040465 1998/10/05 0.02  0.019 ug/l 
Benzflouranthener 040500 1998/10/05 <0.01  <0.01 ug/l 
Benzo(a)anthracen 040475 1998/10/05 <0.01  <0.01 ug/l 
Benzo(e)pyren 040490 2000/01/18 <10   ng/l 
Benzo(ghi)perylen 040495 1998/10/05 <0.01  <0.01 ug/l 
Benzo-a-pyren 040480 1998/10/05 <0.01  <0.01 ug/l 
Lead, Pb 040995 1998/07/14 0.21 0.32   ug/l Pb
Lead, dissolved Pb 040996 1998/07/14 0.12 0.1   ug/l Pb
Bromoxynil 040548 1998/10/05 <0.01  <0.01 ug/l 
Chlorid_total 040625 1996/04/12  47 mg/l Cl
Chloride dis 040631 1990/01/17 40   mg/l 
Chrom_dis 040679 1998/08/06 0.18 0.19   ug/l Cr
Chrom_tot 040678 1998/07/14 0.5 0.2   ug/l Cr
Cu_dis 040710 1998/07/14 1.3 1.7   ug/l Cu
Cu_tot 040709 1998/07/14 1.10 1.6   ug/l Cu
Dichlorethan  040051 1998/10/05 <0.00005  <0.00005 mg/l 
Dichlorobenzamid 040236 1998/10/05 0.073  0.063 ug/l 
Dichlorophenoxya-
cit 

040221 1998/10/05 <0.01  <0.01 ug/l 

Fe 040969 1991/08/27 250 1991/03/03 550 ug/l Fe
Hg 041056 1998/07/14 0.0018 0.0017   ug/l Hg
K 041322 1991/01/01  3.8 mg/l K
Ni (tot) 041144 1998/07/14 2 1   ug/l Ni
Phenanthracene 041276 1998/10/05 <0.01  <0.01 ug/l 
4-nitrophenol 040351 1998/10/05 0.02  <0.01 ug/l 
Desethyl atrizine 040755 1998/10/05 <0.01  <0.01 ug/l 
Suspended material 041786 1991/01/04 11 1990/01/01 6  15 mg/l 

Table 4-9: Measured nitrate, phosphorus  at station 45_02 and 45_21 sampled occa-
sionally from 1998 to 2003 (provided by Fyn County).  

Compound HRIB Attribute code Date 45_02 45_21 Unit
 Dictionary: PHCH  

NH4-N 040407 1990/01/01 0.299 0,34 mg/l N
Nitrogen total 041160 1990/01/01 9.60 10,30 mg/l N
Nitrophenol 040351 1998/10/05 0.02 <0.01 ug/l
Orthophosphat 040949 1990/01/10 0.1510 0,1420 mg/l P
Phosphorous Total 041296 1990/01/01 0.1670 0,2190 mg/l
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4.3.3 Uncertainty in River Data 

4.3.3.1 Discharge 

According to information from the organisation  responsible at a national level (NERI) 
for discharge measurements a typical uncertainty (standard deviation) on daily dis-
charge data is in the order of 10%, while the uncertainty on annual average flows is 
about 5% (Refsgaard et al., 2003). This is also the order of magnitudes indicated in 
(Goodwin, 2005). 

The uncertainty characteristics of the discharge, according to the methodology de-
scribed by van Loon et al. (in prep) are similar to those of the precipitation data, namely 
an uncertainty model that assumes variation in time but not in space (B1) and empirical 
uncertainty, methodological quality and longevity as shown in Table 4-10. The meas-
urement support in space is the river cross-section (indicated as 1 – 20 m2 in Table 
4-10), while the time support is one day (it is daily average water levels that are con-
verted to daily discharges). The uncertainties on the data are assumed to be zero-mean, 
Gaussian, with a standard deviation of 10% of the measured discharge. 

In Table 4-10 an exponential function is given for the temporal autocorrelation function 
with a length scale of 90 days. The review made by Goodwin (2005) does not provide 
much support in this respect. The assumption of an exponential function is therefore 
somewhat arbitrary, although an exponential correlation structure is common in time-
series analysis (e.g. Sivapalan and Blöschl, 1998). The reasoning behind the 90 days as 
temporal length scale is related to the uncertainty of 10% and 5% on daily and annual 
flows, respectively (Refsgaard et al. submitted). 

4.3.3.2 Nitrogen and Phosphorus 

The space support of a point measurement in the river (100 ml) is rescaled to the river 
cross-section. The uncertainty can be considered to be composed of two elements: (a) 
one related to the measurement at point scale (sampling, instrument, laboratory proce-
dures, etc.) and (b) the other related to the representativeness of the point (100 ml) to 
characterise average cross-sectional concentration (Refsgaard et al., submitted) 

The statistical distribution of the uncertainty for each point in time is assumed to be 
normal, as recommended by Rode and Suhr (submitted). Rode and Suhr (submitted) fur-
thermore suggest that the instrument and measurement uncertainty for point samples 
have a coefficient of variation of 5%. Based on data and recommendations made by 
Rode and Suhr (this issue) we assume that the uncertainty of a single point to represent 
average value of an entire cross-section corresponds to a factor of 2. By multiplying the 
coefficient of variation for instruments/measurements (5%) with this representativeness 
factor the uncertainty at a cross-sectional scale is estimated to be 10%. 

A time series analysis of the Tot N values for the whole period 1990-2003 has led to an 
exponential function with a time scale of 4 days. The autocorrelation is therefore as-
sumed to follow an exponential distribution with a correlation length scale of 4 days 
(Refsgaard et al., submitted), shown in Table 4-10. 

The analysis leading to the uncertainty characteristics for phosphorus are similar to 
those for N Tot. The only difference is that the uncertainty related to instruments and 
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laboratory analysis are assumed to be characterised by a standard error of 6% instead of 
5% for N Tot following recommendations from Rode and Suhr (submited. The more 
erratic behaviour over time is consistent with the much lower autocorrelation length 
scale of one day for Tot P (Table 4-5). 

4.3.3.3 Heavy metals and pesticides 

Like for the case of Total N in streams the space support from a point in the river (100 
ml) is rescaled to the river cross-section. In addition, the temporal support is rescaled 
from an instant (10 sec) to one month. This implies that, in addition to instrument and 
measurement uncertainty, it is needed to include the uncertainty of the point sample in 
representing average cross-sectional conditions and of the instantaneously sampled data 
to representing monthly average concentrations. The statistical distributions for the un-
certainties, including the autocorrelation, are assumed to be as for the data type ‘N-
Total in streams’. The only difference is the standard error that here is assumed to be 
20% instead of 10% and explained in Refsgaard et al. (submitted).  

The autocorrelation is here assumed to follow an exponential distribution with a correla-
tion length scale of one day. This assumption is based on the data from Tot P, but there 
is no specific data on heavy metals available to support this assumption which therefore 
is questionable. However, with an upscaled temporal support of one month a correlation 
length scale of one day implies that the monthly data are considered independent, and 
hence the autocorrelation function is of no practical importance. 

The analysis leading to the uncertainty characteristics for pesticides and organic com-
pounds are similar to those for heavy metals. The only difference is that the uncertainty 
related to instruments and laboratory analysis are assumed to be characterised by a stan-
dard error of 10% instead of 5% for heavy metals following recommendations from 
Rode and Suhr (submitted). The autocorrelation function is assumed identical to the one 
for heavy metals discussed above. 
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Table 4-10: Uncertainty assessment for selected hydrological- and geochemical properties in rivers (Refsgaard et al., submitted) 
Variable Measurement 

– Space sup-
port 

Measurement 
–Time sup-

port 

Upscaled 
space 

support 

Upscaled 
time sup-

port 

Uncer-
tainty 

category

Type of 
empirical 

uncertainty

Methodologi-
cal quality 

Longevity Pdf 
type

Pdf parameters 
(mean, std) 

Variogram/correlogram 
(Type, length scale) 

Discharge 1-20 m2 1 day 1-20 m2 1 day B1 M1 I3, S2, O3 L2 N (0, 10%) Exp (a= 90 days) 

Tot N, streams 100 ml 1 day 1-20 m2 1 day B1 M1 I3, S3, O3 L2 N (0, 10%) Exp (a= 4 days) 

Tot P, streams 100 ml 1 day 1-20 m2 1 day B1 M1 I3, S3, O3 L2 N (0, 12%) Exp (a= 1 days) 

Heavy metals, 
streams 

100 ml 10 sec 1-20 m2 1 month B1 M1 I3, S3, O3 L2 N (0, 20%) Exp (a= 1 day) 

Pesticides and 
organic com-
pounds, streams

100 ml 10 sec 1-20 m2 1 month B1 M1 
 

I3, S3, O3 L2 N (0, 40%) Exp (a= 1 day) 
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4.4 Lakes 

There are 2620 lakes larger than 100 m2  in the Odense River Basin. Their combined 
area is 1106 ha, corresponding to 1% of the whole basin. Their location is shown in 
Figure 4-6. 

 

Figure 4-6:  Location of 2620 lakes > 100 m2 (Fyns County, 2003) 

4.4.1 Physio-chemical Data 

4.4.1.1 Nitrogen 

The major portion of the nitrogen (60 - 82%) entering the lakes is due to agriculture and 
scattered homes. The addition of fertilizer to agricultural land is the primary reason for 
the considerable leaching of nitrogen from these areas. The ‘natural’ (i.e. background) 
contribution of nitrogen is 16-25%, representing the amount of nitrogen that would en-
ter the lakes if no significant human activity took place. For a relatively large lake such 
as Arreskov Sø, deposition of nutrients from the atmosphere can also make a significant 
contribution (17%), especially during the summer when input of freshwater to the lake 
is low. When the input of nitrogen is adjusted to account for variations in discharge, no 
general decrease in the amount of nitrogen entering Langesø and Søholm Sø occurred 
between 1989 and 1998/99, although there appeared to have been a small decrease in 
Arreskov Sø. 
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4.4.1.2 Phosphorus 

Human activities in the open land also make a large contribution (37-71%) to the 
amount of phosphorus entering the lakes, though there is significant variation among 
the three lakes (Figure 4-7). The contribution from open land is greatest in Langesø, due 
the large number of farms and scattered homes in the lake’s catchment. Studies of a 
number of streams in Fyn County show that in-stream phosphorus concentration is posi-
tively correlated to the density of scattered homes and animals in the catchment (Fyn 
County, 2001). Although it remains high, the concentration of phosphorus in the water 
entering Langesø has been roughly halved between 1989 and 1991, probably due to a 
reduction in the amount of phosphorus in washing- and cleaning agents used in private 
households. A similar but smaller reduction in phosphorus levels has occurred in the 
water entering Arreskov Sø, whereas no change is seen for Søholm Sø, probably be-
cause the density of scattered homes in the respective catchments is smaller than in the 
Langesø catchment  (Fyns County, 2001). 

 

Figure 4-7: Relative contribution of sources of nitrogen and phosphorus inputs to Arre-
skov Sø and Søholm Sø between 1989-1998, and Langesø between 1989-1997 (mean 
values for these years). The term “other” refers to sources such as allochthonous leaf 
litter, ducks, and foraging wild geese (Fyns County, 2001) 
 

Physio-chemical properties are measured for two lakes: Arreskov Lake and Langeso 
Lake, on a usually biweekly basis between 1990 and 2003, shown in Table 4-11 for Ar-
reskov 

Table 4-11:  Example of timeseries of physio-chemical properties for Arreskov lake. 
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Lake Date HRIB Attribute 
(Dictionary: 
PHCH) 

Property Value Unit 

Arreskov 1990/10/01 040706 Conductivity 31.7 uS/cm 
Arreskov 1990/10/02 041272 pH 7.99 pH 
Arreskov 1990/10/03 041792 Turbidity (Secchi 

Depth) 
0.85 m 

Arreskov 1990/10/04 041786 Dry matter (susp. sol-
ids) 

10 mg/l 

Arreskov 1990/10/05 040388 Alkalinity 2.66 mmol/l 
Arreskov 1990/10/06 040418 Ammonium-N 2.93 µg/l 
Arreskov 1990/10/07 041160 Nitrogen 5.8 µg/l 
Arreskov 1990/10/08 041298 Dissolved P 0.105 µg/l 
Arreskov 1990/10/09 041296 Total fosfor 0.154 µg/l 
Arreskov 1990/10/10 041580 Silicium-filtered sample 7.48 mg/l 
Arreskov 1990/10/11 040657 Chlorophyl 29 µg/l 
Arreskov 1990/10/12 041443 Temperature 1.8 Deg C 
Arreskov 1990/10/13 041214 Oxygen saturation 91 pct. 
Arreskov 1990/02/01 040706 Conductivity 38.6 uS/cm 

4.4.2 Uncertainty in Lake Hydrological Data 
No quantitative assessment of uncertainty of lake hydrological- and physio-chemical 
data has been made. The qualitative characterisation of uncertainty is listed in Table 4-
2. 

Table 4-12: Uncertainty assessment for selected hydrological- and geochemical proper-
ties in lakes 

V
ariable 

M
easurem

ent - Space 
support 

M
easurem

ent -T
im

e 
support 

U
pscaled space support 

U
pscaled tim

e support 

U
ncertainty category 

T
ype of  em

pl uncer-
tainty 

M
ethodological quality 

L
ongevity 

Pdf type 

Alkalinity 10 cm3 10 sec 10 cm3  B1 M1 I3, S2, O4 L2 N 

Conductivity 10 cm3 14 days 10 cm3  B1 M1 I3, S3, O4 L2 N 
pH 10 cm3 14 days 10 cm3  B1 M1 I3, S2, O2 L2 N 
Temp. 10 cm3 14 days 10 cm3  B1 M1 I3, S3, O3 L2 U 
Turbidity 10 cm3 14 days 10 cm3  D1 M1 I3, S3, O3 L1 LN 

O2 content 10 cm3 14 days 10 cm3  B1 M1 I3, S3, O3 L2 LN 
NO3, NH4 10 cm3 14 days 10 cm3  B1 M1 I3, S3, O3 L2 LN 
Total P 10 cm3 14 days 10 cm3  B1 M1 I3, S3, O3 L2 N 
Chlorophyl 10 cm3 14 days 10 cm3  B1 M1 I3, S3, O3 L2 N 

4.5 Groundwater 

The location and boundaries of the in total 34 aquifers within the Odense River Basin 
are illustrated in Figure 4-9, whereas the numbered aquifers are represented in Figure 
4-8. For the Odense catchment 116 groundwater bodies at various depths have been 
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identified, mapped and monitored for drinking water purposes. Water abstraction data 
from 168 wells are recorded on a yearly basis. Groundwater head is monitored by 
means of automated datalogger recordings from some wells and by manual sampling 
from other wells in a dense network. Most groundwater bodies are monitored for ni-
trate, phosporus, heavy metals and pesticide concentrations as well as physical-chemical 
properties, like pH, temperature and alkalinty. Sampling for compounds and physical 
properties is usually on a yearly basis and the measurement space support is 100 ml. 
Water quality has since 1990 been measured yearly from 2255 wells with 2615 intakes 
of which 1811 are connected to aquifers (Fyns County, 2005). A summary of the aqui-
fers is shown in Table 4-13 based on the data for the individual aquifers. Due to the 
large range in aquifer size it makes a considerable difference whether one considers the 
mean or the median values, as is also apparent from Table 4-13. Further details on aqui-
fers can be found in Fyns County (2003). The amount of groundwater present in each 
aquifer is calculated by estimating their horizontal extension and average thickness and 
assuming a porosity of 30 %. Obviously, such estimations are highly uncertain. 

 

Figure 4-8: Aquifers in Odense River Basin (Fyns County, 2005). Numbers represent 
aquifers 

Table 4-13: Aquifers in Odense River Basin. A summary (provided by Fyn County) 
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Max Min Median Mean Total 
Aquifer area (km2) 187 0.4 9.8 29.7 1009 
Aquifer resources 1472 0.6 30 146 4956 
Waterworks abstraction in 1998 (103 m3) 4173 0 152 565 18627 
Total Abstraction in 1998 (103 m3) 5628 0 161 772 25498 

 

Figure 4-9: Location of groundwater extraction areas in Odense River Basin (Fyns 
County, 2003) 

4.5.1 Abstraction Data  
An example of the geographical position of abstraction wells is given in Table 4-14 in 
which the coordinates are provided as latitude/longitude. Accumulated yearly abstrac-
tion rates are provided for each of these stations. 

Table 4-14: Geographical position of abstraction wells. An example (provided by Fyn 
County) 

Site Code Y (Lat) X (Lon) Site Code Y (Lat) X (Lon) 
12149 55.558809 10.45036 23284 55.33833 10.12508 
12151 55.529768 10.21362 23287 55.17624 10.52451 
12174 55.270925 10.07601 23348 55.47197 10.00075 
12268 55.297587 10.39975 23455 55.00112 10.60273 

Table 4-15: Accumulated yearly abstractions for selected wells (provided by Fyn 
County). 
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Well no. 23455 23348 23287 23284 12268 12174 12151 12149 
Date yearly ab-

straction 
(m3) 

yearly ab-
straction 
(m3) 

yearly ab-
straction 
(m3) 

yearly ab-
straction 
(m3) 

yearly ab-
straction 
(m3) 

yearly ab-
straction 
(m3) 

yearly ab-
straction 
(m3) 

yearly ab-
straction 
(m3) 

1990/01/01 73.229 10 193.262 121 51.894 50 104.271 0
1991/01/01 66.939 10.025 224.459 115 38.934 50 100 0
1992/01/01 70 14.525 229.941 106 40.744 54.7 70.36 0
1993/01/01 69.042 6.575 210.086 98 41.038 45.739 73.515 6.3
1994/01/01 77.691 13.575 267.153 89.12 34.632 41.599 79.32 15.09
1995/01/01 73.451 30.35 300.254 87.08 33.086 57.148 61.336 21.45
1996/01/01 61.45 12.4 289.664 77.59 33.276 38.813 58.006 28.05
1997/01/01 63.704 7.925 225.536 68.326 32.436 31.654 57.807 13.625
1998/01/01 59.069 18.425 234.155 71.204 36.657 32.861 61.53 26.25
1999/01/01 61.825 19.1 245.723 73.697 27.305 32.537 56.293 12.5
2000/01/01 64.118 19.15 231.578 72 28.927 32.767 63.065 12.7
2001/01/01 59.808 21.75 211.128 76 28.927 33.579 60.646 4.4
2002/01/01 58.193 19.875 224.425 76.548 0 28.876 62.726 17.725
2003/01/01 60.985 16.875 220.203 77.208 0 25.25 60.073 21

4.5.2 Physio-chemical Data 
Nitrate concentration in groundwater has been measured for a long time and long time 
series are available for various sampling stations and an example is shown in Table 4-16  

Table 4-16: Nitrate concentrations occasionally measured at various stations (provided 
by Fyn County) 

Attribute code PHCH 041150 Nitrate  
SITE (DGU-no) Date and time Value Unit 

135.19 1908/09/17-10:00 0 mg/l N 
135.19 1908/09/17-10:05 0 mg/l N 
144.11 1909/11/12-10:00 0 mg/l N 
137.62 1911/02/21-10:00 0 mg/l N 
145.36 1912/11/26-10:00 0 mg/l N 
135.5 1913/04/14-10:00 0 mg/l N 
156.8 1916/07/25-10:00 89 mg/l N 

147.29 1919/10/21-10:00 23 mg/l N 
178.7 1920/12/13-10:00 30 mg/l N 

165.13 1922/04/20-10:00 0 mg/l N 

 

In Table 4-17 selected physical and chemical properties are listed for a variety of aqui-
fers that are described in detail in Fyns County (2005). 
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Table 4-17: Examples of physio-chemical properties (usually yearly from 1990-2003) measured at aquifer level (source: GEUS) 

Property Unit Aquifer layer 1v 6 7v 8 9 20 27 35 60 63 66 93 133 134 141 

Well No.                 

Area Km2 24.7 25  186.9 11.4 2.5 9.3 2.9 0.4 21.1 10.3 3.2    

Resource 10^6 m3 111.15 112.5  582.6 68.4 7.5 14 13.1 0.6 63.3 30.9 9.6    

Total abstraction in 1998  10^6 m3 HRIB attribute code 307 1220  5628 108 281 0 256 90 516 160 1260    

Alkalinity mmol/l 04388 X X X X X X X X X X X X X X X 

Conductivity μS/cm 040706 X X X X X X X X X X X X X X X 

pH - 041272 X X X X X X X X X X X X X X X 

Temp. ºC 041443 X X X X X X X X X X X X X X X 

NH4 μg/l 040418 X X X X X X X X X X X X X X X 

NO3 μg/l 041150 X X X X X X X X X X X X X X X 

Ptot μg/l 041296 X X X X X X X X X X X X X X X 

Cloride μg/l 040625 X X X X X X X X X X X X X X X 

Cadmium μg/l 040553  X  X X       X X   

SO4 μg/l 041436 X X X X X X X X X X X X X X X 

O2 saturation % 041214 X X  X X X X X X X X X X X X 

Tri-Chloro-ethylen μg/l 041521    X X       X    

Tetra-Chloro- Ethylen μg/l 041465   X X X       X    
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4.5.3 Uncertainty in Groundwater Data 

In Table 4-17 uncertainties related to groundwater data are listed. Well abstraction data 
are usually very reliable and uncertainties due to instrument accuracy are low. However, 
data may be uncertain with respect to the origin of abstractions due to the location of 
filters relative to assumed boundaries between different aquifers. The uncertainty for 
abstraction is in Table 4-18 described by a normal distribution with zero mean and a 
standard deviation of 2% of the abstracted volumes. The uncertainties of the annual data 
are assumed to be independent in time. Measurements of physical and chemical proper-
ties may also be uncertain as to what samples represent. For instance, samples of nitrate 
may be taken from a mixture of water from nearsurface and deeper aquifers dependent 
on the filter position and geologic structure around the filter. Usually, counties monitor 
sample measurements for anomalies with regard to discontinuities in data over time as a 
means of data quality assurance (Arhus County, pers.comm.).  

 

Figure 4-10:  Nitrate, sulphate, oxygen and pH measured as a function of CFC meas-
ured time (Thorling et al., 2002). 

Figure 4-10 shows an example of uncertainty in nitrate sampling in practice. The x-axis 
represents the year of origin (age of sampled water) as determined by the CFC method. 
Nitrate content sampled from a well for one year may be mixture of water of different 
ages and thus varying nitrate content. 

The spatial support scale for groundwater head observations are upscaled from a point 
to 0.5 x 0.5 km2, because this is a common grid scale for regional groundwater model-
ling (Henriksen et al, 2003). The temporal support scale is upscaled from a point in time 
(10 s) to one year for the manual observations, while it is kept at the 10 s for the auto-
matically recorded data. Henriksen et al. (2003) argue that the uncertainty of one obser-
vation to represent 0.25 km2 at 10 s or one year can be assumed to be composed of the 
following independent sources of uncertainty: 
• measurement errors: 0.1 m 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Van der Keur et al., Odense River Catchment Data Report  4-28

• scaling errors due to hydraulic head gradient over the 500 m grid and uncertainty on 

where in the grid the observation well is located: 0.75 m  

• uncertainty due to geological heterogeneity: 1.0 m 

• non-stationarity, i.e. head fluctuations over a year: 0.5 m (this becomes 0 m in case 

of automatic readings and 10 s support scale) 

Using the error propagation equation the uncertainty can then be calculated to 1.35 m 
and 1.25 m for the manual and automatically recorded data respectively. We have no 
information on the autocorrelation function for the groundwater head data.  

No data is available on probability density and autocorrelation functions for physical- 
and chemical properties. Measurements of physical and chemical properties may be un-
certain as to which aquifers the samples represent. For instance, samples of nitrate may 
be taken from a mixture of water from near-surface and deeper aquifers dependent on 
the filter position and geologic structure around the filter. Usually, counties monitor 
sample measurements for anomalies with regard to discontinuities in data over time as a 
means of data quality assurance (Copenhagen County , pers.comm.). Time between 
samples is dependent on the location (depth) of the reservoir and for routinely monitor-
ing purposes the range is usually between 1 month and 1 year for surface near- and 
deep-groundwater respectively (Refsgaard et al., submitted). 

Table 4-18: Uncertainty assessment for selected hydrological- and geochemical proper-
ties in groundwater (Refsgaard et al., submitted). 

V
ariable 

M
easurem

ent – Space 
support 

M
easurem

ent –T
im

e 
support 

U
pscaled space support 

U
pscaled tim

e support 

U
ncer-tainty category 

T
ype of em

pirical un-
certainty 

M
ethodological quality 

L
ongevity 

Pdf type 

Pdf param
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ean, 
std) 

V
ariogram
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 (T
ype, length scale) 

Abstraction 
from ground-
water 

Well-
field 

year  Well-
field 

1 year B1 M1 I3, S3, 
O3 

L2 N (0, 2%) N/A 

Groundwater 
head – manual 
reading 

10 cm 10 s 1 km2 1 year B1 M1 I3 L2 N (0, 1.35 m)  

Groundwater 
head – auto-
matic recorder 

10 cm 10 s 1 km2 1 year B1 M1 I3 L2 N (0, 1.25 m)  

Nitrate in 
groundwater 

100 ml 10 s 100 ml 1 year B1 M1 I3 L2   N/A 

Pesticides in 
groundwater 

100 ml 10 s 100 ml 1 year B1 M1 I3 L2   N/A 

pH in ground-
water 

100 ml 10 s 100 ml 1 year B1 M1 I3, S3, 
O3 

L2   N/A 

Alkalinity in 
groundwater 

100 ml 10 s 100 ml 1 year B1 M1 I3, S3, 
O3 

L2   N/A 
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4.6 Transitional Waters 
Odense Fjord is a shallow (avg. depth 2.5 m) mesohaline estuary located in the northern 
part of Fyn (Figure 4-11). The submerged area encompasses 63 km2. The Fjord can be 
subdivided into a smaller inner fjord, Seden Beach, with an average depth of 0.8 m that 
accounts for less that ¼ of the submerged area, and an outer part which has an average 
depth of 2.7 m and accounts for the remaining submerged part. 

The major source of riverine runoff to the fjord is Odense River which flows into the 
inner part of Seden Beach. The water exchange between the fjord and the open sea takes 
place via Gabet, the narrow mouth of the fjord. Using a hydrodynamic model it has 
been calculated that the residence time of Odense River water is short, around a yearly 
average of 17 days for the fjord as a whole and 9 days for Seden Beach.  

 
Figure 4-11:  Odense catchment outlet to Odense Fjord (Fyn County, 2003) 

 

Nutrient loading of the fjord from anthropogenic sources is high due to the large size of 
the carchment (1060 km2) which corresponds to 1/3 of the area of Fyn, which is charac-
terized by intensive agricultural production and a high population density. In 2001, total 
loading from the carchment and the atmosphere amounted to appr. 32 g N (2.3 mol N) 
and 0.88 g P (0.03 mol P) per m2 of fjord with atmospheric deposition only accounting 
for 5% or less. Given this high level of loading, Odense fjord can be characterised as a 
eutrophic water body.  

National and local initiatives initiated in the late 1980’s have helped reduce this high 
level of loading, and the point source dominated P load has since been reduced by a fac-
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tor of 6-7. The N-loading, which is predominantly attributable to diffuse loading from 
farmland, has only been reduced by around 1/3. 

Table 4-19: Data from Odense Fjord measured between 1990 and 2003 (provided by 
Fyn County). 

Odense Fjord 
Property 

Date HRIB Attribute 
(Dictionary: PHCH) 

Value Unit 

Ammonium 1990/01/02 040418 0.091 mg/l N 
Chlorophyll a 1990/01/02 040657 1.2 ug/l 
Chlorophyll a (dissolved) 2003/04/22 040658 3.62 ug/l 
Hydrogen Phosphate (orthophos-
phate) 

1990/01/02 040949 0.039 mg/l P 

Nitrogen 1990/01/02 041160 0.785 mg/l N 
Oxygen 1990/01/02 041212 9.97 mg/l 
Oxygen (sat) 2003/01/12 041214 89.69 % satn 
Phosphorous 1990/01/02 041296 0.13 mg/l 
Silicon 1990/02/12 041580 4159.86 ug/l 
Suspended Solids 1990/02/12 041786 56 mg/l 

4.7 Land Use Data  

4.7.1 Pressures 

4.7.1.1 Groundwater 

The groundwater potential nis locally influenced by groundwater abstractions. Analysis 
carried out by Fyn’s County (Fyn County, 2005) has shown that the groundwater in 
some aquifers contain both nitrate and 2,6-dichlorbenzamid (BAM). It is expected that 
the BAM-contamination will increase in the future as the sub-surface groundwater 
gradually moves deeper.  

4.7.1.2 Watercourses 

Regulation of watercourses and man-induced changes in the physical conditions to-
gether with pollution have contributed to the disappearance of many sensitive plant and 
animal species from the watercourse.  

Due to extensive water abstraction, some watercourses dry out in dry summers because 
the water is discharged as treated wastewater etc. elsewhere. 

A large number of pesticides have been detected in the watercourses in Fyn County 
(Fyn County, 2005). The greatest proportion of the pesticides detected are herbicides, 
however they are present in low concentrations and therefore do not pose a major threat 
to life in the watercourses. 

4.7.1.3 Lakes 

The majority of lakes have been subjected to extremely high nutrient loading. Some of 
the lakes served as recipients for poorly treated urban wastewater, and many are af-
fected by nutrient loading from agricultural sources and wastewater from sparsely built-
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up areas. This has led to a marked increase in algal growth, blooms in potentially toxic 
blue-green algae, the shading-out of submerged macrophytes and the impoverishment of 
the lake fauna such as macroinvertebrates, fish and birds. 

Water from Arreskov Lake has been analysed for 47 pesticides/pesticide residues. Four 
of each were detected with 2,6-dichlorbenzamid being the most frequently detected. The 
concentrations of all these substances were all low and none exceeded the limit value 
for drinking water of 0.1 μg/l. 

4.7.1.4 Coastal waters 

The main physical pressures of Odense Fjord are dyking and reclamation of former ar-
eas of fjord, construction of harbours, excavation of shipping fairways and changes in 
the fjord’s water exchange, salinity and temperature as a result of the intake and dis-
charge of cooling water by Fynsværket combined heat- and power plant. Trawling for 
mussels constitutes a major pressure on the areas where fishery is carried out.  

Odense Fjord receives nutrients and hazardous substances from the wastewater treat-
ment plants and individual industrial discharges as well as from diffuse loading, primar-
ily from agriculture. The load of Phosphorous and Nitrogen into the fjord has been 
considerably lowered since 99.8 % of the household wastewaters began to be effec-
tively treated in the 1990’s. However, considerable nutrient loading, especially with Ni-
trogen, still takes place from the cultivated catchment. 

4.7.2 Socio-economic data 

The present section summarizes the results of the economic part of the Article 5 charac-
terization and analysis for Odense River Basin carried out by COWI on behalf of Fyn 
County (COWI, in press). This has to include a projection for societal development in 
the basin in relation to water use as well as provide an economic basis for the subse-
quent assessment of possible measures in the programme of measures for the basin. As 
a consequence, the economic part of the Article 5 characterization and analysis will to 
some extent consist of a number of descriptive data aimed at facilitating subsequent 
analysis. In carrying out the economic analysis it has become clear that much of the in-
formation needed is not immediately available. To obtain a broad picture of the water 
use in a basin such as Odense River Basin, the analysis has to be based on relatively 
rough estimates of many central indicators. According to the WFD, the term “water 
use” is to be understood in its widest sense. In addition to encompassing water abstrac-
tion/water consumption, wastewater discharge and water management, water use also 
has to encompass activities within the household, industrial and agricultural sectors of 
significance for the chemical and ecological status of the water. Conversely, the use of 
water for recreational purposes is not encompassed by “water use” in the Article 5 char-
acterization and analysis. However, the recreational value of water (bathing, angling, 
etc.) can be included in connection with the economic assessments in the programme of 
measures. 

Expenses associated with the different water uses are examined for the three main sec-
tors: Households, industry/ services and agriculture/market gardens. For the two com-
mercial sectors, the expenses are related to each sector’s total production value. 
Production values and gross value added for the commercial sectors are shown in Table 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Van der Keur et al., Odense River Catchment Data Report  4-32

4-20. The figures are based on values for gross value added in Fyn County, down-scaled 
to Odense River Basin on the basis of population size. The production value is calcu-
lated on the basis of a national mean for the relationship between production value and 
gross value added. 

Table 4-20: Production value and gross value added for the business sectors in Odense 
River Basin in 2001 (rounded values). (Fyn County, 2003) 

DKK million (2001 prices) Production value Gross value added 
Agriculture and market gardens 2 800 1 700 
Industry and services 80 050 40 700 
Industry 29 800 11 200 
Services 50 250 29 500 
Total 82 850 42 400 

Households consume drinking water, discharge wastewater and use the water bodies in 
the basin for a number of recreational purposes. From the value point of view, it is pos-
sible to determine household sector expenses for drinking water and for wastewater dis-
posal and treatment. Table 4-21 shows that household expenses for wastewater disposal 
comprise almost two thirds of the expenses for the actual services. 

Table 4-21: Overview of household expenses for water and wastewater disposal in 
Odense river basin in 2001 (Fyn County, 2003). 

 Total Per capita Per m3 Percentage 
 DKK million/yr DKK/yr DKK/yr % 
Water charge 80 320 7 23 
Wastewater disposal charge 140 580 12 40 
Total service charges 220 900 19 63 
Water levy 60 230 5 17 
VAT 70 280 6 20 
Total taxes 130 510 11 37 
Total expenditures 350 1 410 30 100 

Expenses can be compared with household income in order to provide an impression of 
how much households spend on water and wastewater disposal. Out of its total income, 
an average household pays only approximately 1% for water and wastewater services, 
including taxes. If the cost is related to disposable income, i.e. income after tax, the per-
centage is somewhat higher (Table 7.3). 

Table 4-22: Percentage of household income used on water and wastewater disposal. 
(Fyn County, 2003) 

 Total Per capita Per m3 Percentage 
 DKK million/yr DKK/yr DKK/yr % 
Water charge 80 320 7 23 
Wastewater disposal charge 140 580 12 40 
Total service charges 220 900 19 63 
Water levy 60 230 5 17 
VAT 70 280 6 20 
Total taxes 130 510 11 37 
Total expenditures 350 1410 30 100 

Expenses incurred by industry/services for water and wastewater disposal are summa-
rised in Table 4-23. These expenses are placed in relation to the industry/services pro-
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duction value. This measure is an attempt to determine the proportion of the sectors’ 
total production costs comprised by water and wastewater services, and hence how im-
portant water use is as a production factor. 

Table 4-23: Industrial and service sector expenses for water and waste water disposal 
(excluding Fynsværket CHP plant expenses for cooling water). (Fyn County, 2003) 

 Expenditure Expenditure in % of production value Percentage 
 (DKK million) (DKK million) 

Water consumption 54 0.07 25
Wastewater 158 0.2 72
Other expenses 6 0.01 3

Total expenditures 218 0.27 100

Estimated water use expenses for agriculture/market gardens are shown in Table 7.5 
and expressed relative to production value. Agriculture’s own expenses for their agri-
environmental measures account for just under 15% of the sector’s total expenses im-
mediately related to water use in Odense River Basin. Expenses for environment-related 
green taxes (tax on pesticides) account for 21% of the total expenses. Relatively, the 
expenses for water use comprise a higher proportion of agriculture/market garden pro-
duction value than is the case with industry/services. The percentage is still relatively 
small, though. 

Table 4-24: Agricultural and market gardening sector expenses associated with water 
use in 2001 (Excluding expenses for drainage and dyke associations). (Fyn County, 

2003). 

Expenditure Expenditure in % of pro-
duction value 

Percentage 

(DKK million) (DKK million) 
Water consumption 34 1.2 60
Household wastewater 2 0.1 4
Agro-environmental measures (APAE 
II) 

8 0.3 15

Pesticids levy 12 0.4 21
Total expenditures 56 2 100

The State, Counties and Municipalities undertake a large number of tasks in connection 
with management of the water bodies of Odense River Basin. An overview of the total 
expenses is given in Table 4-25. 

Table 4-25: Overview of public sector expenses associated with the management of wa-
ter bodies in Odense river basin in 2001 (DKK thousands). (Fyn County, 2003) 

 State Fyn County Municipalities Total 
 1000 DKK 1000 DKK 1000 DK 1000 DK 

Planning, environmental super-
vision and monitoring 

3900 27800 3800 35350 

Environmental construction, 
operation and maintenance 

13200 5700 2800 21700 

Total 17300 33500 6600 57200 
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The next phase of the implementation of the Directive entails the assessment of possible 
measures to help meet the WFD’s objectives for water bodies in Odense River Basin. 
Based among other things on the above-mentioned expenses for different sectors, how-
ever, it is possible to estimate the cost per unit nitrogen reduction from both municipal 
wastewater treatment plants and agricultural sources (see Table 4-26). With the meas-
ures directed at agriculture, the average cost per unit N reduction varies from approx. 
DKK 5 per kg N for such measures as the establishment of wetlands or increased re-
quirements for the utilization of the nitrogen content of manure, to more than DKK 146 
per kg N for the establishment of organic holdings. The latter type of measure also en-
tails other positive environmental effects in addition to the reduction in nitrogen load-
ing, however. The great difference in the cost per kg N reduction illustrates the need for 
and the benefit of assessing the cost-effectiveness of alternative measures. 

Table 4-26: Cost-effectiveness of measures to reduce nitrogen loading. (Fyn County, 
2003) 

Cost effectiveness DKK/kg N 
Additional N reduction from municipal WWTPs  73 
Average cost of agricultural measures  23 

4.7.3 Water users 

The economic significance of water use is difficult to measure. From the economic 
point of view it can generally be argued that consumers will demand a service until the 
price corresponds to the marginal benefit of the consumption, i.e. an enterprise will use 
water until the production value added for the last m3 of water purchased corresponds to 
the price of that m3. 

To assess the economic significance of water use an analysis has been performed based 
on subdivision into the following sectors: Households, industry, agriculture and the 
public sector. By way of introduction, the recent trend in demand for abstracted water is 
presented. It is important to emphasize that calculated figures for expenses, etc. often 
are based on estimates and hence are subject to some uncertainty. The figures therefore 
primarily present a picture of the order of magnitude for the individual water uses. 

The trend in the amount of water abstracted is illustrated in Table 4-27 apportioned by 
type of abstraction and consumer. The amounts encompass both groundwater and sur-
face water. Groundwater accounts for 95% of the water abstracted in the basin. Abstrac-
tion of surface water is primarily accounted for by industrial plants. The demand for 
water has been decreasing for many years, and hence also over the last few years. It is 
mainly consumption of waterworks water that has decreased. The figure for abstraction 
by single plants is an estimate as far as concerns households, and the precise trend is 
therefore unknown. As regards industrial single plants, there is no clear trend; the same 
applies to abstraction for irrigation. The irrigation demands fluctuate much from year to 
year depending on the variation in rainfall. 

Table 4-27: Trend in demand and abstraction volume of groundwater and surface water 
in Odense river basin. Intake of seawater from Odense fjord for cooling by Fynsværket 

CPH plant is not included (Fyn County, 2003). 
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103 m3 water 1997 1998 1999 2000 2001
Households – waterworks water 11538 10841 10578 10639 10209 
Industry – water works water 3070 2885 2815 2831 2716 
Farms and market gardens – water works 2829 2658 2594 2609 2503 
Institutions and services – waterwork water 2588 2432 2373 2387 2290 
Households – own plant 1433 1433 1433 1433 1433 
Industry – own plant for irrigation 2637 2722 3035 3085 2864 
Farms and market gardens – own plant for irrigation 3667 2566 2336 2878 2462 
Total 27763 25587 25163 25861 24478 

 

In order to be able to assess the future environmental pressures in the basin it is relevant 
to determine whether there are economic trends that might affect the possibilities for 
obtaining the environmental objectives established. The following section briefly dis-
cusses the trends in the water use by the individual sectors. Water consumption is an 
essential indicator of water use. A projection of water consumption up to 2015 based on 
the trend in water consumption over the past few years is shown in Figure 4-12 (Fyns 
County, 2003). There is nothing in either household behaviour or in the expected devel-
opment in the industrial and service sectors that can be expected to lead to substantial 
changes in water consumption in Odense River Basin during the period up to 2015. Of 
absolute central importance for expectations regarding future water use is the trend in 
the agricultural sector. Currently, a number of analyses are being undertaken in the sec-
tor with the aim of determining how agricultural production conditions will develop. 
For instance, these analyses will look into whether the trend towards increasing pig 
herds seen in recent years will continue, and will encompass an assessment of the envi-
ronmental effects of Action Plan of the Aquatic Environment II in Odense River Basin. 
The trend in climate is also to be incorporated in the analyses. Not until these analyses 
have been completed will it be possible to make an actual projection of loading in the 
basin. 

 

 

 

 

 

 

Figure 4-12: Expected trend in water consumption in the agricultural sector up to 2015 
(Fyn County, 2003). 
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4.8 System characteristics 

4.8.1 Terrain model 

A digital elevation model (DEM) is uploaded as an image with legend and in csv format 
containing x,y,z coordinates. This enables the user to obtain an overview by means of 
the image and selecting the entire DEM or parts of it using SQL commands. The storage 
of actual DEM data also makes it possible to assign uncertainty models for the spatial 
coordinates (x,y) and the elevation coordinate z as described in van Loon et al. (2005). 

 

  

Figure 4-13: Topography of Odense River Basin. (Fyn County, 2003). 

Figure 4-13 is an image of the topography of Odense River Basin. Odense Fjord is seen 
in the north-eastern corner.  

Table 4-28: Example of DEM data uploaded in csv format (provided by GEUS) 

DEM sample 
Z X Y 
m Deg Deg 

2.63 10.42341 55.4379
1.5 10.42381 55.4379

0.38 10.4242 55.43789
0.52 10.4246 55.43789
1.12 10.42499 55.43788
1.08 10.4234 55.43768
0.01 10.4238 55.43767
1.12 10.42419 55.43767
1.11 10.42459 55.43766

1.1 10.42498 55.43766
1.97 10.423 55.43746
1.47 10.4234 55.43745
0.25 10.42379 55.43745
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4.8.2 Soil Types 

The present landscape of Fyn was primarily created during the last Glacial Period 
11.500 to 100 000 years ago. The most common landscape feature is moraine plains 
covered by moraine clay that was deposited by the base of the ice during its advance. 
The meltwater that flowed away from the ice formed meltwater valleys. An example is 
the Odense floodplain, which was formed by a meltwater river that had largely the same 
overall course as today’s river. The clay soil types are slightly dominant and encompass 
approx. 51% of the basin, while the sandy soil types cover approx. 49% . The moraine 
soils of Fyn are particularly well suited to the cultivation of agricultural crops. Agricul-
ture has therefore left clear traces in the landscape. Deep ploughing, liming and the such 
like have thus rendered the surface soils more homogeneous. 

 

  

Figure 4-14: Soil types in Odense River Basin (Fyn County, 2003) 

A total of 3619 soil profiles have been uploaded. These contain information about the 
percentage of sand, silt and clay, CaCO3 content as well as humus in the samples. All 
soil samples have been taken at a depth of 20 cm below the ground surface. Soil hydrau-
lic properties are not included and must be estimated from pedotransfer functions. 

Table 4-29: Soil texture in Odense River Basin (provided by DJF). 
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 depth humus, 
SOM 

clay silt SAND CACO3 Colour 
code 

Point position, 
X 

Point Position, 
Y 

Unit m % % % % % Deg Deg 
Attrib. Code SOIL 

009006 
SOIL 
009009 

SOIL 
009003 

SOIL 
009002 

SOIL 
009001 

SOIL 
009010 

GENR 000004 GENR 000004

Site name    
OdenseSoilProfile1 0.2 1.11 7 10 82 0 3 9.701506789 55.3528714
OdenseSoilProfile2 0.2 1.23 9 12 78 0 3 9.700876934 55.3618611
OdenseSoilProfile3 0.2 2.4 10 13 75 0 4 9.916934067 55.3658238
OdenseSoilProfile4 0.2 3.03 11 20 65 0 4 9.897684294 55.3587776
OdenseSoilProfile5 0.2 2.11 9 14 76 0 3 9.885010789 55.3563539
OdenseSoilProfile6 0.2 1.91 11 16 71 0 4 9.876259468 55.3529123
OdenseSoilProfile7 0.2 1.69 10 13 76 0 4 9.911505566 55.3561592
OdenseSoilProfile8 0.2 1.86 10 16 71 0 4 9.887977995 55.3479752
OdenseSoilProfile9 0.2 2.23 6 9 83 0 3 9.907043825 55.3403766
OdenseSoilPro-
file10 

0.2 4.63 9 10 77 0 3 9.918014249 55.3306794

OdenseSoilPro-
file11 

0.2 4.19 6 9 81 0 3 9.905098824 55.3311352

Oclass: SOUN    

4.8.3 Uncertainty for Soil Physical Data 

Uncertainty in soil (physical) data arises from the spatial and temporal variability of en-
vironmental variables, from sampling procedures in the field, and from analysis in the 
laboratory. Soil variability is the product of soil-forming factors operating and interact-
ing over a range of spatial and temporal scales. The uncertainty characteristics listed in 
Table 4-30 are in accordance with the recommendations in van der Keur and Iversen 
(Submitted). Here it is only noted that the soil data, in contrary to the other data types in 
Table 4-30 vary in space, but not in time, making the measurement and upscaled time 
supports irrelevant in this case.  

The measurement space support for soil samples taken in the field are typically in the 
order of magnitude of 100 cm3.  Van der Keur & Iversen (submitted) report ranges in 
coefficient of variation of 3-37 % and 16-53 % for sand- and clay content respectively. 
This is translated to 25 % and 40 % in Table 4-30 where 30 % is assumed for silt con-
tent. Spatial autocorrelation lengths for soil texture are reviewed in van der Keur and 
Iversen (Submitted). For clay-, silt- and sand content, Neuman and Wierenga (2003) 
found correlation lengths ranging from 20-33 m, 20-26 m and 20-35 m respectively, fit-
ted to spherical models. For soil organic matter Hansen et al. (1999) estimate the stan-
dard error to be 25 % and Kristensen et al. (1995) fit an exponential model to the data 
with a range of 34-45 m.  For CaCO3 content the standard error is 10 % and the 
variogram model of the exponential type with a range of 30 m (Kristensen et al., 1995).  
This is shown in Table 4-30. 
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Table 4-30: Uncertainty related to soil data (Refsgaard et al., submitted) 
Variable Measurement – 

Space support 
Measurement –
Time support 

Upscaled 
space sup-

port 

Upscaled 
time support

Uncer-tainty 
category 

Type of em-
pirical un-
certainty 

Methodological 
quality 

Longevity Pdf 
type

Pdf parameters 
(mean, std) 

Variogram/correlogram 
(Type, length scale) 

Soil – clay 
content 

100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 40 %) Spherical (a= 20-33 m) 
 

Soil – silt 
content 

100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 30 %) Spherical (a= 20-26 m) 
 

Soil – sand 
content 

100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 25 %) Spherical (a= 20-35 m) 
 

Soil – organic 
matter 

100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 25%) Spherical (a= 34-45 m) 

CaCO3 100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0,10%) Exponential (a= 30 m) 
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4.9 Geological Characteristics 

The Danish geology is complex, mainly due to glaciotectonical disturbances (Fyn 
County, 2005), and such emphasis has therefore been put on a proper description of the 
geological model in three dimensions. 

4.9.1 Geological Model  

The geological description of the Odense River Basin is based on a model constructed 
for the Danish National Water Resource Model (Henriksen et al., 2003).  Based on in-
formation from GEUS’s databases, this 3D geological model was developed. The hy-
drogeological units and their spatial distribution were determined from geological 
profiles based on cyclogram maps (Andersen, 1973), from relevant literature, and from 
permeability patterns extracted from borehole data and screen intervals. The geological 
layer model has been established including 9 layers (Figure 4-15 and Table 4-31) in 
which layer 1 represents the unsaturated zone, layers 3, 5, 7 and 9 are the water-bearing 
layers (aquifers), with layer 3 uppermost and layer 9 lowermost. Layers 2, 4, 6 and 8 are 
the intermediate impervious layers, of which layer 2 is uppermost. The distribution of 
the cover layers overlying the aquifer include unconfined, confined and Artesian. Cer-
tain aquifers contain several types, including both unconfined and confined.  

Table 4-31: Characterisation of geologic model (Fyn County, 2005) 
Layer number Layer characterisation 
1 Unsaturated zone, seawater 
2 Low permeable moraine clay 
3 Upper sandy aquifer 
4 Low permeable moraine clay 
5 Intermediate sandy aquifer 
6 Low permeable moraine clay 
7 Lower sandy aquifer 
8 Low permeable moraine clay 
9 Quarternary aquifer 

 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Van der Keur et al., Odense River Catchment Data Report  4-41

 

Figure 4-15: Conceptual hydrological model for Odense River Basin (Fyn County, 
2005). 

The MIKE-SHE model code (Refsgaard & Storm, 1995) was chosen for the hydrologi-
cal groundwater computations and a grid size of 1 km was chosen as the spatial compu-
tational resolution of this mode. The use of 1 km grids is a rough approximation with 
simplification of a number of conditions important to the groundwater recharge and 
streamflow generation, but can be considered reasonable in relation to the modelling 
purposes. For details on the model setup refer to  Fyn County (2005).   

The guiding principle in the parameterisation was to construct a model with as few free 
parameters as possible. Thus, uniform parameter values throughout the model area were 
used for geological layers composed of clayey till and sand as well as for most overland 
parameters.  

4.9.1.1 Assessment of initial parameter values 

Initial best estimates of hydraulic parameter values and expected ranges have been as-
sessed based on data from previous field work (unpublished results from pumptests) and  
previous modelling results (e.g. Henriksen et al., 1997). The initial estimates and the 
associated expected ranges are presented in Table 4-32 For the chalk aquifer underlying 
the Quaternary deposits measured values of transmissivity (extracted from GEUS’s na-
tional database) were a priori used to interpolate the spatial distribution of the hydraulic 
conductivity. Note: additional layers 10 and 11 below the layers in Table 4-32 and 
Table 4-33 and Figure 4-15. 

Table 4-32: Range of hydraulic conductivity (H/V) for geologic model layers (Henrik-
sen & Sonnenborg, 2003) 
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Parameter in groundwater zone Range 
 Horizontal Vertical 

Unit m s-1 m s-1 
Hydraulic conductivity 
Layer 1 1.10-5 (1.10-6 – 1.10-4) 1.10-7 (1.10-8-1.10-6) 
Layer 2,4,6,8 & 10 1.10-7 (1.10-10 – 1.10-4) 1.10-9 (1.10-11-1.10-7) 
Layer 3,5,7 & 9 1.10-4 (1.10-6 – 1.10-2) 1.10-5 (1.10-7-1.10-3) 
Layer 11 Distributed  (1.10-7 – 1.10-3) Distributed 10-1. (1.10-8-1.10-4)
Impermeable bottom 1.10-20  1.10-20  
Sandlenses in clay 1.10-4 (1.10-7 – 1.10-3) 1.10-5 (1.10-8-1.10-4) 
Glacialtectonic lenses in clay 2.10-6  1.10-7  
Glacialtectonic lenses in sand 1.10-5  1.10-5  

Table 4-33: Range of storage coefficient for geologic model layers (Henriksen & Son-
nenborg, 2003) 

Parameter in groundwater zone Range 
 Free storage coefficient Artesian storage coeficient 

Unit m m-1  m-1 
Layer 1 0.25 (0.05-0.20) 1.10-4 (1.10-4-1.10-2) 
Layer 2,4,6,8 & 10 0.25 (0.01-0.18) 1.10-4 (1.10-4-1.10-2) 
Layer 3,5,7 & 9 0.25 (0.10-0.35) 1.10-4 (1.10-5-1.10-3) 
Layer 11 0.25 (0.01-0.35) 1.10-4 (1.10-6-1.10-3) 

Table 4-34: Range interaction and roughness for geologic model layers (Henriksen & 
Sonnenborg, 2003) 

Parameter in groundwater zone 

Interaction between groundwater and surface water 

unit s-1 
Leakage coefficient 0.25 (0.05-0.20) 
Surface flow  
Surface roughness Manning (M) 3 m-1/3 (1-5) 
Surface storage 0.01 m (0-0.05) 
River roughness Manning (M) 20 m-1/3 (10-35) 

4.9.2 Uncertainty in System Characteristic Data 

The digital elevation  model for the Odense Catchment is provided both as raster data 
and tablewise in csv format, the latter enables the user to define the positional uncer-
tainty for (x,y) coordinates. The uncertainty in height (z) may depend on several factors, 
but is estimated not to exceed +/- 25 cm (Frants von Platen, pers.comm.). 

Uncertainty in soil physical and geochemical data at the river basin scale will arise from 
the spatial and temporal variability of environmental variables, from sampling proce-
dures in the field and from analysis in the laboratory. Soil variability is the product of 
soil-forming factors operating and interacting over a range of spatial and temporal 
scales. Heuvelink and Webster (2001) provide a thorough review of spatial and tempo-
ral variability and used techniques to analyse them. Soil properties vary in time, but 
usually so slowly that it can be ignored at time scales common for hydrological studies. 
The uncertainty is therefore chategorised as C1 in Table 4-35. Agricultural management 
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practices can significantly affect the structure of the soil and thereby structure depend-
ent soil hydraulic properties such as preferential flow in space and time (e.g. Green et 
al., 2003). Frost and thaw cycles may also alter soil structure and thereby the soil physi-
cal properties (Hinman & Bisal, 1968 and Moore, 1981). Methods and instruments in 
the soil science are well established resulting in I3, S3 and O4 for methodological qual-
ity in Table 4-35. 

Uncertainty connected to the geological model is reflected in the geohydrological pa-
rameters Ksat (saturated hydraulic conductivity), Sy (specific storage) and POR (poros-
ity) and dependent on the sample volume abstracted from the groundwater reservoir. 
Geohydrological uncertainty is described in Nilsson (2005). 
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Table 4-35: Uncertainty in soil physical- and geological data data (Refsgaard et al., submitted; Nilsson, 2005) 

Variable 

M
easurem

ent 
– Space sup-

port 

M
easurem

ent 
–Tim

e support 

U
pscaled 

space support 

U
pscaled tim

e 
support 

U
ncer-tainty 
category 

Type of em
-

pirical uncer-
tainty 

M
ethodologi-
cal quality 

Longevity 

Pdf type 

Pdf param
e-

ters (m
ean, 

std) 

Variogram
/corr

elogram
 (Type, 

length scale) 

Soil – clay content 100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 40 %) Spherical (a= 20-33 m) 
 

Soil – silt content 100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 30 %) Spherical (a= 20-26 m) 
 

Soil – sand content 100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 25 %) Spherical (a= 20-35 m) 
 

Soil – organic matter 100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0, 25%) Spherical (a= 34-45 m) 

CaCO3 100 cm3 N/A 100 cm3 N/A C1 M1 I3,S3,O4 L2 N (0,10%) Exponential (a= 30 m) 

Saturated hydraulic conduc-
tivity (Ksat) 10-5 – 109 m3    C1 M1 I3,S3,O4 L2    

Specific yield (Sy) 100 cm3    C1 M1 I3,S3,O4 L2    

Specific storage (Ss) 100 cm3    C1 M1 I3,S3,O4 L2    

Porosity 100 cm3    C1 M1 I3,S3,O4 L2    

Dispersivity 100 cm3    C1 M1 I3,S3,O4 L2    
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4.10 Perspectives  
An extensive set of environmental data from the Odense River catchment relevant for 
hydrological modelling studies on effects of measures related to implementation of the 
Water Framework Directive (WRD) has been uploaded to the HarmoniRiB project da-
tabase. These datasets and related data uncertainty are described in this section in order 
to enable uncertainty assessment studies on implementation of WRD measures and in 
the longer term to make data accessible to a broader range of researchers to conduct re-
lated studies for other purposes. 
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4.12 Download of data 

Common procedures for download of data from the HarmoniRiB database. 

4.13 Further Information 

Further information and data download is provided at links below. Reference to other 
related datasources is found there as well.  

Information on the Odense Pilot River Basin is available from: www.OdensePRB.fyns-
amt.dk 
Environmental data in general is downloadable from Fyns County (2003): www.fyns-
amt.dk 

The National Environmental Research Institute under the Ministry of Environment pro-
vides data on surface water quality, discharge in rivers and related data from 
http://www.dmu.dk/International/ 

Meteorological data is available from the Danish Meteorological Institute at 
www.dmi.dk 

Data resources available from GEUS’s website: 
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Meta database on geodata: www.geodata-info.dk/lists/ig-orgds.htm  

Digital soil classification map: http://www.geus.dk/departments/quaternary-marine-
geol/map-cd-rom/jordart-cd-rom-dk.htm  

Reports on groundwater quality and monitoring: http://www.geus.dk/repository/geus-
general/publications/grundvandsovervaagning/g-o-1998.htm  

Model database from Danish Waterresource Model 
http://www.vandmodel.dk/modeldata.htm   

Groundwater potential timeseries from selected monitoring wells : 
http://www.vandmodel.dk/pejle.htm  

Environmental-geophysical data is available from the GERDA database: 
http://gerda.geus.dk   

Groundwater monitoring datareports are available from: 
http://www.geus.dk/repository/geus-general/publications/grundvandsovervaagning/g-o-
1998.htm#top  

Soil data for Denmark is available from: http://www.agrsci.org/ 
 

Various data from AIS database. E.g. ESRI shape files at: 
http://www.dmu.dk/Udgivelser/Kort_og_Geodata/AIS/AIS_download/ESRI_format.ht
m 
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