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1. INTRODUCTION 

Giuseppe Passarella,  

Water Research Institute (IRSA) 

1.1. Objectives of the project and the present report 

1.1.1 The HarmoniRiB project 

The overall goal of HarmoniRiB is to develop methodologies for quantifying 
uncertainty and its propagation from the raw data to concise management information. 
The four specific project objectives are: 

• To establish a practical methodology and a set of tools for assessing and describing 
uncertainty originating from data and models used in decision making processes for 
the production of integrated water management plans. It will include a methodology 
for integrating uncertainties on basic data and models and socio-economic 
uncertainties into a decision support concept applicable for implementation of the 
WFD;  

• To provide a conceptual model for data management that can handle uncertain data 
and implement it for a network of representative river basins.  

• To provide well documented datasets, suitable for studying the influence of 
uncertainty on management decisions for a network of representative river basins 
and to provide examples of their use in the development of integrated water 
management plans.  

• To disseminate intermediate and final results among researchers and end-users 
across Europe and obtain and incorporate feedback on the methodologies, tools and 
the datasets. 

HarmoniRiB was initiated in October 2002 and completed in September 2006. 

1.1.2 The River Basin Data Report 

One of the main objective of HarmoniRiB is to provide well documented datasets, 
suitable for studying the influence of uncertainty on management decisions for a 
network of representative river basins and to provide examples of their use in the 
development of integrated water management plans. The data will be publicly 
accessible and may be used by European scientists and end-users to assess the 
appropriateness of models and other tools. 
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Each river basin partner has prepared a chapter on data stored in the HarmoniRiB 
DataBase, and the associated uncertainties. Each chapter contains information 
structured as follow:  
1. Background  

1.1. Geographical description 

1.2. Environmental situation 

1.3. Socio-economical overview 

1.4. Previous studies  

2. Metadata, data and associated uncertainties  

2.1.Meteorological 

2.2.Hydrological 

2.3.Geological 

2.4.Soil 

2.5.Physical-chemical 

2.6.Biological 

2.7.Economical 

3. Perspectives  

4. References 

This report aims to provide sufficient documentation of the datasets and the associated 
data uncertainty, so that researchers can use the data for WFD relevant research 
projects.  

1.2. Networks of representative river basins 

In order to assess the need for the HarmoniRiB river basin network and to learn from 
past experience a review was made of existing river basin networks providing an 
overview of the types of data, geographical coverage, data accessibility and data use by 
third parties for the following networks (i.e.: FRIEND, GRDC, HELP, WHYCOS, 
ERICA, ICARE, ERB, LOCAR, DONAR, GLOWA, BODC). These existing networks 
are all international except LOCAR (UK), DONAR (NL) and BODC (UK) that are 
national programmes. GLOWA is nationally funded (German Federal Government), but 
it includes river basins in several countries. Some of the existing networks provide data 
for operational purposes, while most of them have been established for research 
purposes. 

Many of these networks have existed for long periods and have served (and still do) 
important purposes. However, seen from a Water Framework Directive (WFD) 
perspective, most of them have the key deficiency that they focus on only some aspects 
(domains) of data required for water management in WFD, and most typically they do 
not contain data on ecological and socio-economic aspects. Thus, none of the existing 
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river basin networks can provide suitable datasets for supporting research on integrated 
water management of direct relevance for implementation of the WFD. In addition, 
none of the existing networks comprise any quantifiable information on data 
uncertainty. Consequently, it is concluded that there is a clear need to supplement the 
existing networks with a network of representative river basins that as its principal aim 
has to provide data supporting research in integrated water resources management as 
required by the WFD. The HarmoniRiB river basin network (see below) being 
established in the present project is meant for this purpose.  

1.2.1 The HarmoniRiB network 

The HarmoniRiB network of representative river basins comprises the following eight 
basins, see Fig. 6.7 for locations and Table 6.2 for characteristic features.: 

• Svratka, 4,115 km2, Czech Republic 

• Weisse Elster, 5,325 km2, Germany 

• Odense, 1,060 km2, Denmark 

• Jucar, 42,987 km2, Spain 

• Geropotamou, 600 km2, Greece 

• Candelaro, 1,980 km2, Italy 

• Vecht, 6,260 km2, The Netherlands and Germany 

• Thames, 12,917 km2, UK 

These basins have been selected to ensure a good coverage across Europe in terms of 
eco-regions, types of water problems, socio-economic conflicts and amount and quality 
of existing data. In addition, two of the river basins (Odense and Jucar) are also 
included in the Pilot River Basin Network, where the EC guidance documents will be 
tested during the coming period. The aim of HarmoniRiB is, through interaction with 
the respective river basin organisations and data owners, to provide well documented 
data for research purposes, suitable for studying the influence of uncertainty on 
management decisions. The data will be publicly accessible and may be used by 
European scientists and end-users to assess the appropriateness of models and other 
tools in relation to the WFD. 
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Figure 1-1: Location of the HarmoniRiB network of representative river basins 
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Table 1-1: Key characteristics of the HarmoniRiB network of representative river 
basins 
Country 
River Basin 

Area 
(km2) 

Population 
Density 
(person/ 
km2) 

GNP 
(Euro/pers/yr)

Dominant 
land use 

Main water 
uses 

Main conflicting 
interest 

CZ, Svratka 3,998 142 5,600 Agriculture, 
forest 

Drinking 
water, 
electrical 
power, 
recreation, 
nature 

Flood protection, 
minimum 
discharges, water 
quality 

DE, Weisse 
Elster 

5,325 278 15,000 Agriculture Drinking 
water, industry 

Point and non-
point sources; 
wastewater and 
contaminated 
sites; strong 
economic and 
social changes. 

DK, Odense 1,090 135 25,000 Agriculture Public water 
supply, 
recreation, 
nature 

Agricultural 
contamination; 
groundwater 
abstraction 
depletes stream 
flow and 
wetlands 

ES, Jucar 21,328 28 9,900 Agriculture Irrigation, 
hydroelectric, 
touristic 
supply, 
industry 

Farming use; 
hydroelectrical 
use; touristic 
water demand 

GR, 
Geropotamou 

600 66 10,000 Agriculture Irrigation, 
touristic 

Water shortage, 
water quality, 
oversized dam, 
salt intrusion, 
difficulties in 
sharing water 
among 
municipalities   

IT, Candelaro 1,980 230 10,277 Agriculture Irrigation, 
industry  

Water shortage; 
rainfall rates 
decrease; 
intensive 
horticultural 
farming. 

NL+DE 

Vecht 

3,780 

(1980 
in NL)

311 19,000 Industry, 
Agriculture, 
Habitation 

Agriculture, 
drinking 
water, 
receiving 
water, 

Agriculture, 
water quality, 
ecology, Flooding 
– room for water 
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Country 
River Basin 

Area 
(km2) 

Population 
Density 
(person/ 
km2) 

GNP 
(Euro/pers/yr)

Dominant 
land use 

Main water 
uses 

Main conflicting 
interest 

recreation retention 

UK, Thames 12,917 929 30,000 Urban, 
Agriculture 

Public water 
supply, 
Ecosystem, 
recreation 

Water supply vs. 
ecology 

1.3. HarmoniRiB Data  

1.3.1 The HarmoniRiB data and the WFD 

From the analysis data demand and other data-related issues for the Water Framework 
Directive (WFD) it has been concluded that, as a consequence of its generic approach, 
the WFD provides limited explicit information that can directly be utilised in a 
modelling perspective, such as: extensive lists of data, explicit recommendations on 
spatial and temporal resolutions, explicit values for acceptable accuracy. 

For each of the eight river basins the data required to be assembled for assessment and 
use of uncertainty information in integrated water management were identified in the 
HarmoniRiB Requirement Report (Refsgaard and Nilsson, 2003). The list of data 
requirements has been divided in to seven lists, one for each of the six domains: 
climate, rivers, lakes, groundwater, transitional waters, and coastal waters (mainly time 
series), and one list for the spatial data and river basin characteristics including socio-
economic data.  

1.3.2 Availability of data in HarmoniRiB river basins  

For each of the eight river basins the data required to be assembled for assessment and 
use of uncertainty information in integrated water management has been identified 
(Refsgaard and Nilsson, 2003). The list of data requirements has been divided in to 
seven lists, one for each of the six domains: climate, rivers, lakes, groundwater, 
transitional waters, and coastal waters (mainly time series), and one list for the spatial 
data and river basin characteristics including socio-economic data. For each domain the 
list of data sets has been defined. 

1.3.3 Status of the HarmoniRiB database 

HarmoniRiB database sees the world as composed of objects whose descriptions and 
the events associated with them it records as the values of attributes. These values are 
all time stamped so that the history of the object can be built up. 

The user’s main task is to identify the classes of object for which data are to be stored, 
for example, monitoring points, river reaches or rain gauges, and then to list for each 
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class the attributes describing objects of that class. Once the attribute names and 
descriptions have been agreed, they can then be loaded into the attribute dictionary. 
The primary role of the attribute dictionaries is to record the definitions of the attributes 
for which data are to be stored. The information required to define an attribute has two 
functions. It should define clearly what has been measured or observed from the user’s 
point of view and it should enable the system to handle the values of that attribute. 

The descriptions of objects and the events observed at them are recorded in terms of 
attribute values. A wide range of spatial and non-spatial data types are supported, 
allowing a HarmoniRiB database to record most types of scientific and technical 
information likely to be of interest to users. 

Ten main dictionaries have been defined during the project. In the follow table a list of 
these dictionaries is reported with the related number of defined attributes. 

Table 1-2: List of HarmoniRiB dictionaries and related number of defined attributes. 
Name Version Released on Number of attributes 
Biological 01 23/02/2006 25 
General 06 07/02/2006 74 
Geological 01 10/05/2005 12 
Hydrological 02 07/02/2006 48 
Morphological 01 23/02/2006 7 
Physical and Chemical 10 29/03/2006 1943 
Socio-economical 01 07/02/2005 43 
Soil 01 23/03/2006 8 
Tidal 01 07/02/2005 11 
Weather 07 27/03/2006 63 
Total   2234 

The following table reports the number of attributes used per dictionary and the related 
number of data records loaded into the database. 

Table 1-3: Number of attributes used per dictionary and related number of data records 
loaded into the database. 
Dictionary name Number of attributes Number of records 
Biological 8 7731 
General 44 74076 
Geological 3 74862 
Hydrological 16 1319790 
Morphological 2 4035 
Physical and Chemical 579 1359589 
Socio-economical 12 2609 
Soil 7 21729 
Tidal 0 0 
Weather 32 7102285 
Total 703 9966706 

Let’s consider the same data records rearranged per country/basin. The following table 
reports the number of data records loaded, the number of dictionaries and attributes used 
per country. 
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Table 1-4: Number of data records loaded, and number of dictionaries and attributes 
used per country. 
River Basin / Country Number of 

records 
Number of 

Dictionaries 
Number of 
attributes 

Svratka / Czech Republic 203720 5 33 
Weisse-Elster / Germany 1555965 4 21 
Odense / Denmark 322467 7 82 
Jucar / Spain 5119946 6 51 
Geropotamou /Greece 206485 2 16 
Candelaro / Italy 255771 6 63 
Vecht / Nederland 1112226 8 613 
Thames / United Kingdom 1190126 5 82 
Total 9966706   

Finally, the table below reports the uncertainties loaded into the database, per country, in 
terms of record. 

Table 1-5: Uncertainties loaded into the database, per country, in terms of record. 
River Basin / Country Number of 

records 
Candelaro / Italy 60.825 
Svratka / Czech Republic 62.255 
Odense / Denmark 32.372 
Vecht / Nederland 949 
Thames / United 
Kingdom 

3 

Total 156.404 

1.3.4 Future use of data from the HarmoniRiB river basins 

The data presently stored at the HarmoniRiB Data Centre at IRSA in Bari, Italy are 
publicly accessible for all research purposes. Thus, scientists may use the data to e.g. 
assess the appropriateness of models and other tools in relation to the WFD. 

Data may be downloaded through the internet. To get access to the data a researcher has 
to register as Data User at the HarmoniRiB Data Centre and sign a User License 
(Appendix A) that specifies the following conditions for use of the data: 
• The intellectual property rights of the Data belong to and remain with the Data 

Owners. The respective Data Owners are described in the HarmoniRiB River Basin 
Data Report. The transfer of the Data according to this User License does not 
constitute a transfer of any ownership or intellectual property rights.  

• Data User gets the right to use the Data for non-commercial purposes. This includes 
the right to process the Data and to publish results based on the Data for non-
commercial purposes. The Data User commits that the Data only are used for non-
commercial research activities as defined above. 

• The Data User must acknowledge the origin of the Data by making specific and 
appropriate reference to both the Data Supplier and the HarmoniRiB Consortium in 
connection will all use of the Data. 

• The Data User must forward a copy of any scientific publication based on the Data to 
the Data Supplier and the HarmoniRiB Data Centre. 
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• The HarmoniRiB Consortium and the Data Owners shall be under no obligation or 
liability and no warranty condition or representation of any kind is made, given or to 
be implied as to the sufficiency, accuracy or fitness for purpose of the Data. 

According to the User License research projects are considered non-commercial if all 
research results obtained are openly available at delivery costs only, without any delay 
linked to commercial objectives, and that the research itself is submitted for open 
publication. Research projects as part of governmental institution’s official duty is 
considered non-commercial. 

1.4. Purpose and content of the present report 

1.4.1 Objective and limitations 

The present report is an output from WP6. The overall aim of the report is to describe 
the whole amount of data, and data uncertainty, stored into the HarmoniRiB database 
for each River Basin belonging to the project network.  

1.4.2 Readers’ guide 

In addition to the present Introduction the report consists of eight chapters, one for each 
river basin. Each chapter is written so that it is be possible to read it separately without 
necessarily having to read all the other chapters also. The chapters are numbered as 
follows: 

1. Introduction (this document) 

2. Svratka river basin data. 

3. Weisse-elster river basin data. 

4. Odense river basin data. 

5. Jucar river basin data. 

6. Gerapotamou river basin data. 

7. Candelaro river basin data. 

8. Vecht river basin data. 

9. Thames river basin data. 

The focus of each of the chapters is on the data aspects, ranging from a review of the 
eight HarmoniRiB river basin networks, a description of data collected from these river 
basins to the uncertainty information and analysis with regard to data collected. 
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APPENDIX A 

User License  
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3 WEISSE-ELSTER RIVER CATCHMENT DATA REPORT 

Michael Rode & Gerald Wenk 

Centre for Environmental Research Leipzig-Halle, Magdeburg, Germany (UFZ) 

3.1 Background 

3.1.1 Geographical description 

The Weisse Elster river basin is a subcatchment of the Saale river which is the second 
largest tributary of the Elbe River. The catchment area is about 5200 km² and is situated 
in the German federal states of Sachsen (Saxony), Thüringen (Thuringia) and Sachsen-
Anhalt (Saxony-Anhalt), with its source being in the Erzgebirge (Ore Mountains) in the 
Czech Republic (Figure 3-1). 

 

Figure 3-1: Location of the Weisse Elster River basin 
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The river is 250 km long and has a mean discharge of 26 m³/s (discharge gauge station 
Oberthau). Main tributaries are the Pleisse River (7.9 m³/s), the Göltzsch River (2.8 
m³/s), the Weida River (2.6 m³/s), and the Parthe River (1.2 m³/s). The river channel 
structure is very diverse with near-natural stretches (Figure 3-2) as well as normalized 
concrete-lined segments (Figure 3-3). 

 

 

Figure 3-2: Near-natural stretch of the Weisse Elster River 

The upper part of the basin is mountaineous with igneous and metamorphic rocks as 
well as consolidated tertiary rocks (sandstone) being the main geological features. It is 
characterized by steep slopes and narrow valleys with hardly any floodplains. Ground-
water resources are scarce. The lower part of the basin is situated in the lowlands and 
mainly consists of pleistocene coverage. The valleys are broader with extensive flood-
plains and there are substantial groundwater resources which are, however, impaired by 
mining activities. 
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Figure 3-3: Artificiall stretch of the Weisse Elster River near Zitzschen 

Precipitation varies between 500 mm in the northern part of the basin (lowlands) and 
1000 mm in the southern part (Figure 3-4) with annual runoff varying between ap-
proximately 50 and 800 mm. 

Land use (Figure 3-5) in the basin is dominated by agricultural activities (43% crop-
land, 16% pasture), especially in the lower part, and forest (21%), mainly in the upper 
part of the basin. The main field crops are grains with some root crops in the northern 
and some forage crops in the southern areas. Livestock in the area consists mainly of 
cattle with some pigs and sheep. Settlements, industrial areas and infrastructure take up 
16% of the land with Leipzig and Halle being major cities located in the catchment. The 
area south west of Leipzig is characterized by active and reclaimed open pit mines. 
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Figure 3-4: Annual precipitation in the Weisse Elster River Basin 

The river basin Weisse Elster extends in four German States – Saxony, Saxony-Anhalt, 
Thuringia and Bavaria. In these States it covers partly or totally 22 districts and 338 
municipalities. 

In the German part of the catchment there are 1.484.965 inhabitants. This corresponds 
to population density of 289 inhabitants/km², which is higher than the average density 
in both in Germany (231 inhabitants/km²) and in the corresponding federal states - 
Saxony (236 inhabitants/km²), Saxony-Anhalt (125 inhabitants/km²) and Thuringia (148 
inhabitants/km²).  
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Figure 3-5: Land use in the Weisse Elster Catchment 

3.1.2 Environmental situation 

Water quantity and quality are closely related to the various economic activities in the 
river basin. Due to extensive construction, pollution from agriculture, industrial and 
municipal discharge and open pit mining waters, the Weisse Elster is considered bio-
logically and chemically moderately polluted. Although water quality has substantially 
improved in the last few years, a comprehensive remediation program is necessary to 
meet the WFD targets. 
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Most of the Weisse Elster is classified as moderately polluted with some river reaches 
being critically polluted (classification according to German water quality standards). 
Main problems are nutrient compounds (total N & total P), some river reaches are im-
pacted by high ammonium concentrations. Also, salt concentrations (esp. sulphate) are 
quite high due to open pit mining and other industrial activities in the catchment area; 
however, the loads are considered ecologically not relevant and the time schedule for 
closing down and flooding the open pit mines has been fixed. Salt loads are not subject 
to further management activities. 

Table 3-1: 90-percentile of concentrations (2001) 

Monitoring station (river) Total N (mg/l) NH4-N (mg/l) NO3-N (mg/l) Total P (mg/l)PO4-P (mg/l)
Halle-Ammendorf (Weisse Elster) 10.60 1.65 8.39 0.35 0.13
Schkeuditz (Weisse Elster) 13.00 4.51 5.65 0.42 0.18
Herlosohnstraße (Parthe) 11.00 3.50 5.42 0.74 0.14
Boehlen (Pleisse) 11.00 0.75 6.10 0.43 0.07
Zitschen (Weisse Elster) 8.70 0.37 5.87 0.39 0.16
Zeitz (Weisse Elster) 10.60 0.51 8.73 0.30 0.17
Gera-Langenberg (Weisse Elster) 8.50 0.80 7.30 0.21 0.18
River mouth (Weida) 10.60 0.24 8.86 0.30 0.28
Wünschendorf (Weisse Elster) 6.95 0.54 7.01 0.20 0.18
River mouth (Goeltzsch) 7.60 1.71 5.11 0.30 0.25
Elsterberg (Weisse Elster) 7.80 0.29 6.28 0.19 0.12
Straßberg (Weisse Elster) 6.09 0.20 5.85 0.14 0.09
Bad Elster (Weisse Elster) 6.88 1.28 5.80 0.54 0.50
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Figure 3-6: Sources of diffuse pollution in the Weisse Elster catchment 

Table 3-1 gives an overview of nutrient concentrations in the Weisse Elster River and 
its major tributaries. The locations of the water quality monitoring stations are shown in 
Figure 3-50. For some of the station, time series of nitrate, ammonia and phosphate con-
centrations are shown in Figure 3-7. Diffuse sources are estimated to contribute to the 
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overall nutrient load by 45% (nitrogen) and 61% (phosphourous). Figure 3-6 shows es-
timates of the sources of diffuser pollution in the Weisse Elster catchment for phospho-
rous and nitrogen. 

Main water uses conflicting with water quality targets according to WFD are: 

1. agriculture vs. water quality: agriculture contributes to a great extend to diffuse 
pollution. This load conflicts with ecosystem restoration and impairs drinking 
water quality from bank infiltration. 

2. industrial and municipal discharge vs. water quality: other important reasons for 
the low water quality of the Weisse Elster are point pollution from industrial and 
municipal effluents and considerable water abstraction for industrial use and 
flooding of mining lakes. 
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Figure 3-7: Time series of nutrient concentrations in the Weisse Elster River 

3.1.3 Socio-economical overview 

For further information please contact Bernd Klauer (UFZ Centre for Environmental 
Research Leipzig Halle, bernd.klauer@ufz.de). 
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3.1.4 Previous studies 

FLÜGEL, W. (2004): Final report of the UFZ Research Project “River basin management 
of the Saale River”. Institute of Geoinformatics, University of Jena 

KEESE, U.; KRÖNERT, R.; STEINHARDT, U. & KNAPPE, S. (1996): Charakteristik des 
Einzugsgebietes der Parthe. In: MEIßNER, R.; GUHR, H. & KRÖNERT, R. (HRSG.): Zu-
sammenstellung der vom UFZ sowie von Partnereinrichtungen durchgeführten Untersu-
chungen in repräsentativen Kleineinzugsgebieten der Elbe. UFZ-Bericht Nr. 21/1996. 
Leipzig 

BEBLIK, A.; CEPUDER, P.; DREYHAUPT, J.; FANK; J.; FEICHTINGER, F.; FRANKO, U.; 
HABERLANDT, U.; KERSEBAUM, K.C.; KRYSANOVA, V. & STEINHARDT, U. (1999): 
Stickstoffmodellierung für Lysimeter des Parthe-Gebietes. Teil II: Modellanwendungen 
– Konzepte und Simulationsergebnisse. In: Ergebnisse des Workshops „ Stickstoff-
modellierung“ vom 08.06.1999 bis 10.06.1999 am Umweltforschungszentrum Leipzig-
Halle GmbH 

3.2 Metadata, data and associated uncertainties 

3.2.1 Meteorological data 

Meteorological data are available from the German national meteorological service 
(DWD). There are 61 precipitation and 11 climate stations in and around the Weisse El-
ster River basin. Not all meteorological values are observed at any climate station. For 
precipitation and climate data daily data are available. Meteorological time series have 
been collected from 1990 to 2002. 

3.2.1.1 Precipitation  

The precipitation gauge network of the Weisse Elster River Basin Watershed comprises 
of 61 stations (Table 3-2, Figure 3-9). Unlike the climate stations all of these precipita-
tion gauges are completely located within the Weisse Elster River catchment ara.  

Table 3-2: Precipitation gauge stations within the Weisse Elster Watershed 
Precipitation 
Station Name State 

Station ID
(new) 

Station ID 
(old) 

Latitude 
[DD] 

Longitude 
[DD] 

Elevation 
[m] 

Leipzig-Holzhausen Sachsen 2928 42140 51.32 12.45 138
Belgershain-
Rohrbach Sachsen 339 42405 51.21 12.56 141
Bernbruch Sachsen 444 42510 51.19 12.66 168
Fuchshain Sachsen 1512 42514 51.29 12.53 138
Peißen Sachsen-Anhalt 3891 42550 51.51 12.06 95
Elster, Bad Sachsen 1207 43301 50.29 12.24 510
Adorf Sachsen 35 43302 50.31 12.19 480
Eichigt Sachsen 1159 43303 50.37 12.20 450
Elsterberg Sachsen 1208 43307 50.60 12.16 290
Greiz-Dölau Thüringen 1762 43308 50.63 12.18 270
Greiz-Dölau (Stau-
see) Thüringen 1763 43309 50.63 12.18 273
Teichwolframsdorf Thüringen 4998 43311 50.72 12.25 345
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Precipitation 
Station Name State 

Station ID
(new) 

Station ID 
(old) 

Latitude 
[DD] 

Longitude 
[DD] 

Elevation 
[m] 

Gera-Zwötzen Thüringen 1613 43313 50.85 12.10 220
Ronneburg Thüringen 4252 43314 50.85 12.19 285
Gera-Untermhaus Thüringen 1610 43315 50.89 12.07 200
Gera-Leumnitz Thüringen 1612 43316 50.88 12.13 311
Gera-Langenberg Thüringen 1611 43317 50.93 12.06 242
Köstritz, Bad Thüringen 2702 43318 50.94 12.03 185
Gera-Roben-
Steinbrücken Thüringen 4215 43320 50.94 12.04 305
Hartmannsdorf, 
Kreis Saale Thüringen 2034 43321 50.96 11.98 200
Profen Sachsen-Anhalt 4015 43324 51.13 12.21 145
Brambach, Bad 
Raun-Gürth Sachsen 4089 43326 50.25 12.27 600
Erlbach-Eubabrunn Sachsen 1282 43328 50.30 12.39 582
Dröda (Talsperre 
Feilebach) Sachsen 1057 43331 50.40 12.06 440
Tanna-Stelzen Thüringen 4867 43334 50.48 11.96 584
Jocketa (Talsperre) Sachsen 2457 43338 50.55 12.18 380
Ellefeld Sachsen 1190 43339 50.48 12.38 515
Eich Sachsen 1155 43340 50.55 12.36 485
Falkenstein (Tal-
sperre) Sachsen 1333 43344 50.47 12.38 541
Pausa-Wallengrün Sachsen 3884 43349 50.60 11.98 407
Pahren Thüringen 3862 43350 50.65 11.90 395
Zeulenroda Thüringen 5765 43351 50.64 11.98 462
Zeulenroda (Talsper-
re) Thüringen 5766 43352 50.67 11.98 360
Staitz (Talsperre 
Weida) Thüringen 4815 43353 50.71 11.99 350
Göhren-Döhlen Thüringen 1678 43354 50.72 12.02 300
Göschitz Thüringen 1687 43355 50.63 11.87 410
Mittelpöllnitz Thüringen 3303 43357 50.76 11.91 340
Weida Thüringen 5395 43358 50.77 12.03 287
Kraftsdorf Thüringen 2721 43359 50.88 11.92 295
Münchenbernsdorf Thüringen 3392 43360 50.82 11.93 325
Saara-Kleinsaara Thüringen 4333 43361 50.85 11.96 261
Klosterlausnitz, Bad Thüringen 2649 43362 50.92 11.86 310
Eisenberg Thüringen 1177 43364 50.97 11.93 260
Heuckewalde-
Giebelroth Sachsen-Anhalt 2195 43365 50.97 12.14 302
Droyßig Sachsen-Anhalt 1062 43366 51.04 12.03 273
Meuselwitz Thüringen 3279 43367 51.05 12.30 173
Döbris-Pirkau Sachsen-Anhalt 1005 43368 51.11 12.14 185
Spora-Nißma Sachsen-Anhalt 4784 43369 51.02 12.28 208
Elstertrebnitz Sachsen 1209 43403 51.16 12.25 132
Neukirchen-
Dänkritz Sachsen 899 43415 50.78 12.42 310
Neumark Sachsen 3533 43421 50.66 12.36 375
Langenhessen (Ko-
berbachtalsperre) Sachsen 2853 43430 50.77 12.36 275
Gößnitz Thüringen 1688 43433 50.89 12.44 243
Windischleuba (Tal-
sperre) Thüringen 5598 43436 51.04 12.47 167
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Precipitation 
Station Name State 

Station ID
(new) 

Station ID 
(old) 

Latitude 
[DD] 

Longitude 
[DD] 

Elevation 
[m] 

Starkenberg Thüringen 4823 43439 51.01 12.29 260
Flemmingen Thüringen 2468 43454 50.94 12.62 235
Posterstein Thüringen 3985 43457 50.86 12.25 250
Lausick, Bad-
Ebersbach Sachsen 1101 43463 51.10 12.07 222
Lausick, Bad-
Glasten Sachsen 1654 43472 51.16 12.70 182
Rötha (Talsperre ) Sachsen 4242 43478 51.19 12.42 131
Raßnitz Sachsen-Anhalt 4076 43505 51.39 12.09 93
Halle-Ammendorf Sachsen-Anhalt 1954 43515 51.43 11.96 82

Since 1886 the standard precipitation gauge used by the German Weather Service is the 
HELLMANN precipitation gauge. In Germany this gauge is used unshielded and the 
instruments and precipitation measurement locations are built according to international 
(WMO) and national (DWD) standards. Figure 3-8 shows a typical HELLMANN pre-
cipitation gauge. 

 

 

Figure 3-8: Photo of a HELLMANN precipitation gauge (photo: G. Wenk) 
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Figure 3-9: Precipitation gauge stations in the Weisse Elster watershed 

In Germany the standard height of the orifice of the HELLMANN precipitation gauge is 
1.0 m which means that all precipitation measurements are taken 1.0 m above actual 
ground level (Figure 3-10). The orifice area of the HELLMANN precipitation gauge is 
200 cm2. 
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Figure 3-10: Standard heigt of the HELLMANN precipitation gauge (Meteorologischer 
und Hydrologischer Dienst der DDR, 1953) 

 

Figure 3-11: Components of the HELLMANN precipitation gauge (Meteorologischer 
und Hydrologischer Dienst der DDR, 1953) 

 

Figure 3-12: Vertical cross section of the HELLMANN precipitation  gauge (Nespor, 
2001) 

Daily precipitation is observed every morning at 07:30 A.M. official time. The observed 
value is assigned to the day before. The resolution of the observation is 0.1mm. 
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The precipitation measurement includes several errors. Figure 3-13 shows the relevant 
physical processes and instrumental and weather variables affecting the basic compo-
nents of systematic error of precipitation measurement. Additional unsystematic errors 
are included in the summary table on classification and estimation of uncertainty asso-
ciated with meteorological data (Table 3-9 on page 3-30).  

 

 

Figure 3-13: Basic components of systematic error of precipitation measurement 
(WMO 1998) 

The systematic precipitation measurement errors lead to an underestimation of the true 
value of precipitation. Sources of systematic error are (WMO 1998): 

• the wind induced precipitation losses 

• evaporative and wetting losses 

The most important systematic error is the wind induced error. This error is caused by 
the wind field modification above the precipitation gauge orifice (Figure 3-14 and 
Figure 3-15). 

 

Figure 3-14: Deformation of the wind field through the precipitation gauge. The arrows 
show the streamlines and the dashed lines the trajectories of precipitation particles at 

the HELLMANN precipitation gauge (WMO 1998) 
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Figure 3-15: Air flow above the Hellmann precipitation gauge. Results of  computations 
(Nespor 2001) 

The distortion of the wind field increases the wind speed above the gauge orifice. Pre-
cipitation particles can be blown away. The wind induced precipitation error depends on 
the wind speed (Table 3-3), the shape of the precipitation gauge, the area of the gauge 
orifice, the installation height of the gauge (Figure 3-17), the size and weight of precipi-
tation particles (Figure 3-16). 

 

Figure 3-16: Vertical Results of computation of the partial wind-induced error for the 
HELLMANN precipitation gauge without the influence of turbulence on the drop 

movement (Nespor, 2001)) 
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winter, predominant rain

summer, rain

winter, predominant snow

height of the orifice above ground level  

Figure 3-17: Wind-induced error of the HELLMANN precipitation gauge dependent on 
the height of the gauge above ground (according to Sokollek, 1983) 

Table 3-3: Regression equations for catch ratio versus wind and temperature for differ-
ent precipitation gauges (WMO, 1998) 

 

Comparisons of precipitation measurements on ground level and standard height of the 
gauge orifice are used to determinate the wind-induced error (Figure 3-18 and Figure 
3-19). Results of such comparisons in Germany are given by Richter (1995). Figure 
3-20 shows different regions of mean annual precipitation total error for moderate wind-
sheltered sites in Germany. 
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Figure 3-18: HELLMANN precipitation gauge on ground level (Richter,1995) 

 

Figure 3-19: Photo of a HELLMANN precipitation gauge with gauge orifice at ground 
level (photo: G. Wenk) 
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Figure 3-20: Mean correction (%) of the average annual precipitation total (1961/90) 
for moderate wind-sheltered sites in Germany (WMO, 1998) 

Table 3-4: Mean correction (%) of the average monthly and annual precipitation total 
(1961/90) for precipitation gauge locations in the Weisse Elster River Basin (according 

to Richter, 1995) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
a 31.6 33.5 26.9 18.3 12.5 10.4 10.8 10.5 12.6 15.5 21.8 26.5 18.2 
b 23.3 24.5 20.3 15.1 11.2   9.8 10.0   9.5 11.5 12.7 16.8 19.8 14.6 
c 17.3 17.9 15.5 12.7 10.1   8.8   9.1   8.5 10.2 11.0 13.3 15.0 12.0 
d 11.5 11.8 10.7 10.0   8.6   7.7   8.0   7.5   8.7   8.8   9.5 10.3   9.3 
 

(a) free, not wind-sheltered sites 

(b) slightly wind-sheltered sites 

(c) moderate wind-sheltered sites 

(d) strong wind-sheltered sites 
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Figure 3-21: a = vertical angle of obstacles; (°) horizon of the precipitation gauge sta-
tion (WMO, 1998) 

If the horizon of the precipitation gauge station was measured (Figure 3-21), the loca-
tion can be classified in category (a)…(d) (see Table 3-4). Table 3-4 shows an excerpt 
from Richter (1995) for the error of the mean average monthly and annual precipitation 
total for precipitation gauge locations in the Weisse Elster River basin. 

Along with the wind induced precipitation losses the evaporative and wetting losses are 
important.  

Table 3-5: Mean monthly and yearly wetting and evaporation losses of the Hellmann 
precipitation gauges in the lowland in north-eastern Germany (according to Richter, 

1995) 

Source of 
precipitation 

losses 

J F Mr A M J J A S O N D year

Wetting col-
lecting fun-
nel 

5.1 5.4 5.5 6.5 6.7 5.5 5.7 5.4 6.9 5.6 4.6 4.0 5.6 

Wetting col-
lecting can 

- - 0.2 0.3 0.4 0.4 0.4 0.4 0.3 0.2 - - 0.3 

Evaporation - - 0.1 0.5 1.0 1.3 1.4 1.4 1.3 0.6 - - 0.8 

Whole loss 5.1 5.4 5.8 7.3 8.1 7.2 7.5 7.2 8.5 6.4 4.6 4.0 6.7 

 

Table 3-6: Mean monthly and yearly wetting and evaporation losses of the Hellmann 
precipitation gauges in the low mountain range in north-eastern Germany (according 

to Richter, 1995) 
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Source of 
precipitation 

losses 

J F Mr A M J J A S O N D year

Wetting col-
lecting fun-
nel 

2.4 2.6 2.5 3.9 4.3 3.8 3.7 4.4 4 2.9 2.7 2.1 3.3 

Wetting col-
lecting can 

- - 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.2 - - 0.2 

Evaporation - - - 0.1 0.3 0.6 0.7 0.6 0.5 0.1 - - 0.2 

Whole loss 2.4 2.6 2.7 4.3 4.9 4.7 4.7 5.3 4.8 3.2 2.7 2.1 3.7 

The relative precipitation measurement errors of the Hellmann precipitation gauge, 
caused by wetting and evaporation losses are shown in Table 3-5 (gauges situated in 

the lowland in north-eastern Germany) and  

Table 3-6 (gauges in low mountain ranges in Germany). 

The error of the estimation of areal precipitation depends on the size of the catchment, 
the spatial density of the precipitation gauge stations, the temporal resolution of the 
measurements, the errors of the point measurements and the used method of estimation. 
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Figure 3-22: Mean daily error of calculated mean areal precipitation as a function of 
the spatial density of precipitation measurement stations for different catchment areas 

(Deutsches Nationalkomitee für das Internationale Hydrologische Programm (IHP) der 
UNESCO und das Operationelle Hydrologische Programm (OHP) der WMO (1993), 

according to US Weather Bureau (1947), NOAA (1972), Mendel (1977)) 

Precipitation is characterized by high spatial variability and a limited number of gauge 
stations. The accurate estimation of mean areal precipitation depends on the number of 
precipitation gauges on the catchment and is usually not dense enough for small catch-
ments and high temporal resolution. 

Figure 3-22 shows the dependence of the mean daily error of calculated mean areal pre-
cipitation on the size of the catchment area and the spatial density of precipitation 
gauges in 6 different catchment areas. In Germany the mean spatial density of precipita-
tion measurement stations is 1 station per 80 km² (about 4500 precipitation gauges in 
Germany). The network density of precipitation gauges in the Weisse Elster River Ba-
sin is 1 station per 85 km². 

3.2.1.2 Air Temperature 

Within the wider area of the Weisse Elster Watershed there are 11 climate stations 
where air temperature (daily mean, daily max, daly min) is observed (Table 3-7). Seven 
air temperature gauge stations are located inside the Weisse Elster River basin catch-
ment area and four outside (Figure 3-23). 
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Figure 3-23: Air temperature gauge stations in the Weisse Elster Watershed 

Air temperature is measured with mercury thermometers in a height of 2 m above 
ground. The maximum and minimum temperature is measured with liquid-in-glass 
maximum and minimum thermometers (Figure 3-24). These thermometers must be pro-
tected from sun radiation in a ventilated instrument shelter (Figure 3-25,Figure 3-26). 

Table 3-7: Air temperature gauge stations within the Weisse Elster Watershed 

Station Name State 
Station ID 

(new) 
Station ID 

(old) 
Latitude 

[DD] 
Longitude 

[DD] 
Elevation 

[m] 

Lauchstädt, Bad 
Sachsen-
Anhalt 2878 03198 51.39 11.88 119

Leipzig-Schkeuditz Sachsen 2932 03368 51.44 12.24 141
Leipzig-Holzhausen Sachsen 2928 03375 51.32 12.45 138

Zeitz 
Sachsen-
Anhalt 5750 03390 51.07 12.14 170

Bobeck Thüringen 550 04205 50.91 11.80 337
Schmieritz-Weltwitz Thüringen 3289 04218 50.74 11.84 340
Tegkwitz Thüringen 4997 04400 50.98 12.34 193
Gera-Leumnitz Thüringen 1612 04406 50.88 12.13 311
Greiz-Dölau Thüringen 1762 04420 50.63 12.18 270
Plauen Sachsen 3946 04426 50.48 12.13 386
Elster, Bad Sachsen 1207 04430 50.29 12.24 510
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Figure 3-24: Set of mercury thermometers for air temperature and psychrometric meas-
urements (vertical, dry bulb left, wet bulb right), maximum and minimum thermometer 

(horizontal) 

 

Figure 3-25: Large wooden instrument shelter for air temperature and humidity meas-
urements (photo: G. Wenk) 
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The large wooden instrument shelter (Figure 3-25) used in Germany by the German 
Weather Service has double louvers (Figure 3-26) on all four sides and vents in the bot-
tom to provide natural ventilation while excluding solar radiation and precipitation. The 
double roof (Figure 3-26) provides added protection against direct solar radiation. 

A comprehensive overview of environmental circumstances which may affect the air 
temperature measurement is given by van der Meulen (1998): 

• “direct radiation” by the sun (by day) on the sensor 

• indirect radiation (after reflection by the ground, water surface, snow or the 
screen itself) form the sun on the sensor 

• direct and indirect infrared radiation by the screen itself and from outside the 
screen (ground, water surface, snow) on or from the sensor (i.e. there is no bal-
ance in IR radiation heat transfer). 

• Insufficient natural or artificial ventilation of the air inside the screen with the 
air outside causing typical micro-climate effects and long response times. 

• Non-natural mixing of the air around the screen caused by local artificial venti-
lation or wind shields. 

• Cooling of the screen and the sensor caused by: 

o precipitation (rain, showers, drizzle and snow will cool down the screen) 

o wetting by aerosols (during precipitation and fog) of the (day bulb) sen-
sor. The sensor may act as a wet bulb sensor as a result, typically is case 
of strong winds, or ventilated shields. 

o snow and ice on top or around the screen 

o collection of water inside the screen (evaporation) will cool down the air 
inside the screen). 

• Shadowing of the site by large trees, buildings or separate screens. 

• Strong heating of the stand caused by absorbtion of the sunlight and as a result 
an upwards warm air current passing the screen.” 

The air temperature is observed at 07:00, 14:00 and 21:00 local time. Maximum and 
minimum temperature is observed only at 07:00 local time. The mean daily air tempera-
ture is processed: 

tmean = (t7 + t14 + 2 * t21)/4 

The comparison of daily mean air temperature computed by this formula with the daily 
mean computed by hourly data shows an error of ± 0.1 K (Meteorologischer Dienst der 
DDR, 1986). 

The thermometer can be read with a resolution of 0.1 K. The error of the thermometer 
can reach ± 0.2..0.3 K. The measurement of air temperature with ventilated psychrome-
ter-thermometers (Figure 3-24 and Figure 3-29) has an error of ± 0.1 K. For the maxi-
mum and minimum thermometer the error is ± 0.5 K. The registration of air temperature 
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with the thermograph has an error of ± 1 K. A thermograph (or thermo-hygrograph) is 
an analog-graphical recorder (Figure 3-25). For the electric measurement of the air tem-
perature the error is ± 0.3 K. 

The most important error is caused by the build-up of heat in the instrument shelter. 
This error can reach 0.5 K at night and 1.5 K by day (Flemming, 1991). By Foken 
(2003) for this error is given 1 K. 

 

Figure 3-26: Large wooden  instrument shelter, drawn in vertical section (DWD). This 
instrument shelter is used by the German Weather Service for air temperature and hu-

midity measurements This drawing shows the double louvers for ventilation. The dimen-
sions are given in millimetre. 

 

Figure 3-27: Thermo-Hygrograph for air temperature and humidity registrations  in a 
large wooden instrument shelter (photo: G. Wenk) 
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Figure 3-28: Sensor shelter for electronic registration of air temperature and relative 
humidity, protects sensors against precipitation and radiation  (photo: G. Wenk) 

3.2.1.3 Relative Humidity 

Within the wider area of the Weisse Elster Watershed there are 12 climate stations 
where relative humidity is observed (Table 3-8, Figure 3-30). Seven relative humidity 
gauge stations are located inside the Weisse Elster River basin catchment area and five 
outside. 

Table 3-8: Relative humidity gauge stations within the Weisse Elster Watershed 

Station Name State 
Station ID 

(new) 
Station ID 

(old) 
Latitude 

[DD] 
Longitude 

[DD] 
Elevation 

[m] 
Halle-Kröllwitz Sachsen-Anhalt 1957 03196 51.51 11.95 93
Lauchstädt, 
Bad Sachsen-Anhalt 2878 03198 51.39 11.88 119
Leipzig-
Schkeuditz Sachsen 2932 03368 51.44 12.24 141
Leipzig-
Holzhausen Sachsen 2928 03375 51.32 12.45 138
Zeitz Sachsen-Anhalt 5750 03390 51.07 12.14 170
Bobeck Thüringen 550 04205 50.91 11.80 337
Schmieritz-
Weltwitz Thüringen 3289 04218 50.74 11.84 340
Tegkwitz Thüringen 4997 04400 50.98 12.34 193
Gera-Leumnitz Thüringen 1612 04406 50.88 12.13 311
Greiz-Dölau Thüringen 1762 04420 50.63 12.18 270
Plauen Sachsen 3946 04426 50.48 12.13 386
Elster, Bad Sachsen 1207 04430 50.29 12.24 510
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Figure 3-29: ASSMANN-psychrometer, reference instrument for humidity 

$T

$T
$T

$T

$T

$T

$T

$T

$T

$T

$T

$T

Leipzig-Schkeuditz
Halle-Kröllwitz

Bad Lauchstädt

Zeitz

Bobeck

Tegkwitz

Gera-Leumnitz
Schmieritz-Weltwitz

Plauen

Bad Elster

Greiz-Dölau

Leipzig-Holzhausen

0 10 20 30 40 50 Kilometers

N

Relative Humidity Gauge Station$T

River

Elevation [m a. s. l.]
0 - 100

100 - 200

200 - 300

300 - 400

400 - 500

500 - 600

600 - 700

> 700 

 

Figure 3-30: Relative humidity gauge stations within the Weisse Elster Watershed 

Relative humidity mostly measured using hygrometers. For registration of relative hu-
midity hygrographs (Figure 3-27) are widely used. For adjustment of the hygrometer 
and hygrograph the AUGUST-psychrometer (Figure 3-24) is used. All these instru-
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ments are stored in the large wooden instrument shelter (Figure 3-25). The observation 
times are 07:00, 14:00 and 21:00 local time. The most accurate method to get the rela-
tive humidity is the calculation from psychrometric measurements (measurement of 
temperature difference of a wet bulb – dry bulb thermometer). There are different types 
of psychrometers (AUGUST-psychrometer, ASSMANN-psychrometer, Sling Psychro-
meter) and different accuracies used for different purposes. The reference device for 
psychrometric measurements in Germany is the ASSMAN-psychrometer (Figure 3-29). 
This instrument is used outside the large wooden instrument shelter. The thermometers 
are protected from sun radiation by a chrome-plated double-walled radiation shield. As-
piration of the thermometer bulbs is accomplished by a spring-wound fan. 

 

Figure 3-31: Nomogram for the determination of relative humidity, water vapour pres-
sure and dew-point temperature from the measurement of the psychrometric difference. 

The hygrometer and the hygrograph have an error of ± 3…5 % rH. Within the tempera-
ture range from -10 °C to 20 °C the error of the relative humidity measurement with 
electric instruments is ± 2…6 % rH (rH < 70 %) and < 8 % rH (70 % < rH < 95 %) re-
spectively (Meteorologischer Dienst der DDR 1986). 

The mean daily relative humidity is processed: 

 rHmean = (t7 + t14 + t21)/3 

The comparison of mean daily relative humidity computed by this formula with the 
daily mean computed by hourly data shows an error of ± 1 %. In individual case this 
error can amount ± 10 % (Meteorologischer Dienst der DDR 1986). 
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3.2.1.4 Sunshine duration 

Within the wider area of the Weisse Elster Watershed there are four climate stations 
where daily sunshine duration is observed (Table 3-9, Figure 3-32). Two sunshine dura-
tion gauge stations are located inside the Weisse Elster River basin catchment area and 
two outside. 

Table 3-9: Sunshine duration gauge stations within the Weisse Elster Watershed 

Station Name State 
Station ID 

(new) 
Station ID 

(old) 
Latitude 

[DD] 
Longitu-
de [DD] 

Elevation 
[m] 

Lauchstädt, Bad Sachsen-Anhalt 2878  51.39 11.88 119
Leipzig-Schkeuditz Sachsen 2932 03198 51.44 12.24 141
Gera-Leumnitz Thüringen 1612 03368 50.88 12.13 311
Plauen Sachsen 3946 04426 50.48 12.13 386
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Figure 3-32: Sunshine duration gauge stations within the Weisse Elster Watershed 

The sunshine duration is measured with the use of a Campbell-Stokes pyranograph 
(Figure 3-33). 
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Figure 3-33: CAMPBELL-STOKES pyranograph 

 

Figure 3-34: Examples of sunshine duration registrations (Meteorologischer und Hy-
drologischer Dienst der DDR, 1953) 

The registrations of the CAMPBELL-STOKES pyranograph (Figure 3-34) can be ana-
lysed with a resolution of 0.1 h/day. The error of sunshine duration reaches 
± 0.5…1. h/day (Meteorologischer Dienst der DDR 1986). 

3.2.1.5 Wind Speed 

Within the wider area of the Weisse Elster Watershed there are eight climate stations 
where wind speed is observed (Table 3-10, Figure 3-36). Five wind speed gauge sta-
tions are located inside the Weisse Elster River basin catchment area and three outside. 

Table 3-10: Wind speed gauge stations within the Weisse Elster Watershed 
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Station Name State 
Station ID 

(new) 
Station ID 

(old) 
Latitude 

[DD] 
Longitude 

[DD] 
Elevation 

[m] 
Lauchstädt, Bad Sachsen-Anhalt 2878 03198 51.39 11.88 119
Leipzig-Schkeuditz Sachsen 2932 03368 51.44 12.24 141
Zeitz Sachsen-Anhalt 5750 03390 51.07 12.14 170
Schmieritz-
Weltwitz Thüringen 3289 04218 50.74 11.84 340
Tegkwitz Thüringen 4997 04400 50.98 12.34 193
Greiz-Dölau Thüringen 1762 04420 50.63 12.18 270
Plauen Sachsen 3946 04426 50.48 12.13 386
Elster, Bad Sachsen 1207 04430 50.29 12.24 510

Wind is air in motion relative to the surface of the earth. The standard measurement 
height for wind speed measurements is 10 m above the ground. The terrain around the 
location should be open. Wind speed increases rapidly through the lowest few meters of 
the atmosphere. The horizontal wind speed can be measured with cup anemometers 
(Figure 3-35) or propeller anemometers. Propeller anemometers must be combined with 
a wind vane. 

 

Figure 3-35: Cup anemometer for horizontal wind speed 
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Figure 3-36: Wind speed gauge stations within the Weisse Elster Watershed 

The error of the wind speed measurement is ≤ 7 % of the value of the observed wind 
speed (Meteorologischer Dienst der DDR 1986). Is the wind speed ≤ 2 m/s the error in-
creases. 

The requirements on precision and reporting interval of meteorlogical data for hydro-
logical purposes which are defined by WMO (1988) are shown in Table 3-11. 

Table 3-11: Required precision and reporting interval of meteorological measurements 
for hydrological purposes (according to WMO 1988 in IHP/OHP 1993) 
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Element Precision Reporting interval 
for hydrologic fore-

casting purposes 
Precipitation- amount and 
form 

± 2 mm below 40 mm 

± 5 % above 40 mm 
6 hours (The report-
ing interval in flash 
flood basins is often 
required to be two 
hours or less; in other 
locations, daily val-
ues may suffice) 

Air temperature ± 0.1 °C 6 hours 
Wet-bulb temperature ± 0.1 °C 6 hours 
Net radiation ± 0.4 J-2d-1 below 8 MJm-2d-1 

± 5 % above 8 MJm-2d-1 
daily 

Wind: 
Speed 
direction 

 
± 10 % 
± 10 % 

6 hours 

Sunshine duration ± 1 °hour daily 
Relative humidity ± 1 % 6 hours 
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Table 3-12: Classification and estimation of uncertainty associated with meteorological data 

Variable 

M
easurm

ent – 

Space support 

M
easureem

nt –

T
im

e support

U
pscaled space 

support 

U
pscaled tim

e sup-

port 

U
ncertainty catego-

ry 

T
ype of em

pirical 

uncertainty 

M
ethodological 

quality 

L
ongevity 

pdf type 

Pdf param
eters 

(m
ean, std) 

V
ariogram

/correlog

ram
 (T

ype, length 

scale) 

C
om

m
ents, justifica-

tion 

R
eferences 

air temp. ~108000 cm³ 

(large wooden 
shelter) 

~ 100 cm³ 

(small radiation 
shield for elec-
tronic devices) 

1 day 1-20 km²

 

1 day B1 M1 I3, S2, O4 L2 N (0,1K) Exp (a=2d) Uncertainty is re-
stricted to point 
measurements, spa-
tial uncertainties are 
not considered 

Foken (2003) 

Barca et al. 
(2005) 

relative humi-
dity 

~108000 cm³ 

(large wooden 
shelter) 

~ 100 cm³ 

(small radiation 
shield for elec-
tronic devices) 

1 day 1-20 km²

 

1 day B1 M1 I3, S3, O4 L2 N (0,5%) Exp (a=2d) Uncertainty is re-
stricted to point 
measurements, spa-
tial uncertainties are 
not considered 

MD (1986) 

Barca et al. 
(2005) 

sunshine dura-
tion 

~ 79 cm² 

(CAMPBEL-
STOKES pyra-
nograph) 

 

1 day 1-50 km²

 

1 day B1 M1 I3, S2, O4 L2 N (0,1h) Exp (a=2d) Uncertainty is re-
stricted to point 
measurements, spa-
tial uncertainties are 
not considered 

MD (1986) 

Barca et al. 
(2005) 

Expert judgement 
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Variable 

M
easurm

ent – 

Space support 

M
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nt –

T
im

e support 

U
pscaled space 

support 

U
pscaled tim

e sup-

port 

U
ncertainty catego-

ry 

T
ype of em

pirical 

uncertainty 

M
ethodological 

quality 

L
ongevity 

pdf type 

Pdf param
eters 

(m
ean, std) 

V
ariogram

/correlog

ram
 (T

ype, length 

scale) 

C
om

m
ents, justifica-

tion 

R
eferences 

Wind speed  1 day 1-5 km² 

 

1 day B1 M1 L3, S2, O4 L2 LN (0,10%) Exp (a=2d) Uncertainty is re-
stricted to point 
measurements, spa-
tial uncertainties are 
not considered 

MD (1986) 

Barca et al. 
(2005) 

Expert judgement 

precipitaion 200 cm² 

(HELLMANN 
gauge) 

1 day 10 x 10  1 day B1 M1 L3, S2, O3 L2 N (0,20%) 

 

Exp (a=2d) Uncertainty is re-
stricted to point 
measurements, spa-
tial uncertainties are 
not considered 

Uncertainties are 
based on uncertain 
definition of rain 
gauge shelter classes

(Richter, 1995) 

Expert judgement 
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3.2.2 Discharge 

In the catchment area of the Weisse Elster river there are 18 discharge gauge stations 
(Figure 3-49, Table 3-13). At the discharge gauge stations the flow is measured indi-
rectly by recording the water level of the stream (Figure 3-37). These stations are run by 
the environmental agencies of the federal states; Several regional authorities run addi-
tional gauging stations. Discharge time series have been collected from 1990 to 2002. 

inlet pipe

gauge
house

float

recorder

 

Figure 3-37: Discharge Gauge Station with water level measurement in a stilling well 
(Meteorologischer und Hydrologischer Dienst der DDR, 1953) 

The discharge is computed approximately once per month from measurements of veloc-
ity and stage (water level elevation) at a cross section near the water level gauge. Veloc-
ity is measured at verticals spaced across the cross section (Figure 3-38 and Figure 
3-39) using a current meter (Figure 3-40). A multitude of such discharge measurements 
with the current meter yields a water level – discharge relationship (Figure 3-41). The 
stream discharge measurements must be repeated for different discharges and corre-
sponding stages of the stream. Such a rating curve is established by plotting the simul-
taneously-measured readings of stream discharge and water level. This function can be 
used to receive the discharge from a given water stage. Once established, this rating 
curve may be used to estimate discharge merely by noting the stage of the stream. 
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Figure 3-38: Cross-section of a discharge measurement 

 

Figure 3-39: Stream velocity in a cross-section (according to Dyck & Peschke, 1995) 

 

Figure 3-40: Current meter for the measurement of the flow velocity 
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Figure 3-41: Water stage–discharge relationship (LAWA, 1991) 

 

Figure 3-42: Several types of staff gauges 

Sometimes the discharge for a given stage at a particular station is greater when the 
stream is rising than when it is falling. This produces a loop (or hysteresis) curve 
(Figure 3-43). 
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Figure 3-43: Hysteresis in discharge measurement 

On a simple stage-discharge curve, it will be found that measurements made on a rising 
stage tend to plot to the right of the curve, while those made on a falling stage tend to 
plot to the left. For gauging stations where this scatter of discharge measurements does 
occur, the discharge rating must be developed by the application of adjustment factors 
that relate steady flow to unsteady flow. 

Table 3-13: Discharge Gauge Stations within the Weisse Elster Watershed 

Discharge Station Name State Station ID 
Latitude 

[DD] 
Longitude 

[DD] 
Elevation 

[DD] 
Adorf Sachsen 576400 50.33 12.26 438
Straßberg Sachsen 576421 50.47 12.08  
Greiz Thüringen 576470 50.66 12.20 253
Gera-Langenberg Thüringen 576520 50.91 12.05 181
Zeitz Sachsen-Anhalt 576610 51.06 12.15 146
Kleindalzig Sachsen 576631 51.21 12.29 120
Oberthau Sachsen-Anhalt 576900 51.39 12.15 470
Mylau Sachsen 577220 50.61 12.27 307
Krebsbach Thüringen 577240 50.71 12.23 279
Läwitz Thüringen 577290 50.63 11.92 355
Zeulenroda Thüringen 577301 50.67 11.98 323
Weida Thüringen 577320 50.76 12.06 238
Weida-Heinoldsmühle Thüringen 577350 50.77 12.02 272
Eisenhammer Thüringen 577360 50.77 12.03 258
Thieschitz Thüringen 577400 50.91 12.04 186
Gößnitz Thüringen 577510 50.89 12.43 202
Böhlen Sachsen 577570 51.21 12.39 122
Großstöbnitz Thüringen 577800 50.92 12.39 193
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Discharge Station Name State Station ID 
Latitude 

[DD] 
Longitude 

[DD] 
Elevation 

[DD] 
Leipzig-Thekla Sachsen 578110 51.38 12.44 110

The Figure 3-44-Figure 3-48 show several discharge gauge stations within the Weisse 
Elster catchment. 

 

Figure 3-44: Discharge gauge station Eisenhammer 

 

Figure 3-45: Discharge gauge station Läwitz 

 

Figure 3-46: Discharge gauge station Weida 
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Figure 3-47: Discharge gauge station Greiz 

 

Figure 3-48: Discharge gauge station Gera-Langenberg 
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Figure 3-49: Discharge gauge stations within the Weisse Elster Watershed 

The error of discharge measurement is individual at every measurement station. The er-
ror of the flow velocity measurement is approximately ± 3 % and the error of the dis-
charge measurement can achieve ± 5%...15 %. 

With a staff gauge (Figure 3-42) the water staff can be measured with a resolution of 
0.5 cm. 

3.2.3 Water Quality 

The quality of surface waters of the Weisse Elster river basin is represented in the Har-
moniRIB database by 20 water quality stations (Table 3-14, Figure 3-50). These meas-
urement points belong to the networks of water quality monitoring stations of the 
federal states. Measurements are taken approximately 1 to 2 times per month. An exten-
sive number of physico-chemical properties are measured. However, the only biological 
data available are chlorophyll-a and pheophytin-a measurements, number of colonies 
and coloforms, and a biological classification as well as abundance of indicator organ-
isms. Data are available from 1990 for one station only, from 1996 for the other; the 
time series end in 2002. 

Table 3-14: Water quality gauge stations within the Weisse Elster Watershed 
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Water Quality Station 
Name Station ID River State 

Latitude 
[DD] 

Longitude 
[DD]i 

Bad Elster F 4950 Weisse Elster Sachsen 50.27 12.25
Adlermühle F 4990 Weisse Elster Sachsen 50.41 12.18
Pegel Straßberg F 5010 Weisse Elster Sachsen 50.48 12.10
uh. Plauen F 5020 Weisse Elster Sachsen 50.54 12.17
uh. Elsterberg F 5030 Weisse Elster Sachsen 50.62 12.17
Pegau F 5040 Weisse Elster Sachsen 51.16 12.26
Zitzschen F 5052 Weisse Elster Sachsen 51.22 12.28
Großzschocher F 5060 Weisse Elster Sachsen 51.30 12.34
Auensee F 5070 Weisse Elster Sachsen 51.37 12.32
Schkeuditz F 5080 Weisse Elster Sachsen 51.39 12.22
Markkleeberg F 5370 Pleisse Sachsen 51.27 12.38
Herloßsohnstraße F 5540 Parthe Sachsen 51.36 12.36
Gustav-Esche-Straße F 5553 Neue Luppe Sachsen 51.37 12.32
Crossen Crossen Rauda Thüringen 50.97 11.98
Gera-Langenberg Gera uh Weisse Elster Thüringen 50.91 12.05
Läwitz Laewitz Weida Thüringen 50.63 11.92
Wünschendorf Wuenschendorf Weisse Elster Thüringen 50.79 12.10
Greiz_uh Greiz uh Weisse Elster Thüringen 50.69 12.18
Göltzsch, Mündung Goeltzsch Göltzsch Thüringen 50.64 12.20
Greiz_oh Greiz oh Weisse Elster Thüringen 50.64 12.19
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Table 3-15: Classification and estimation of uncertainty associated with selected hydrological and geochemical properties in rivers 

Variable 
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support 
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pdf type 
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eters 

(m
ean, std) 

V
ariogram

/correlog
ram

 (T
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scale) 

C
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m
ents, justifi-

cation 

R
eferences 

Discharge cross-
section 

1 day cross-
section 

1 day B1 M1 I3, S2, O3 L2 N (0, 10%) Exp (a= 50 
days) 

Measurements of wa-
ter level (continously 
recording) combined 
with velocity meas-
urements approxi-
mately once per 
month. Uncertainty 
are upscaled to repre-
sentativeness at cross-
sectional scale 

Goodwin 
(2005) 

Henriksen et 
al. (2004) 

Expert judge-
ment 

Tot N, 
streams 

100 ml seconds cross-
section 

1 day B1 M1 I3, S3, O3 L2 N (0, 10%) Exp (a= 50 
days) 

Measurements are 
small samples in river 
(< 1 liter). Uncertainty 
upscaled to represen-
tativeness at cross-
sectional and scale by 
an estimated factor 2 
increase in uncertainty 
compared to pure 
sampling uncertainty 
[Rode and Suhr; Table 
8.5: std = approx 5%] 

Rode and Suhr 
(2005) 

Expert judge-
ment 
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R
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NH4-N 100 ml seconds cross-
section 

1 day B1 M1 I3, S3, O3 L2 N (0, 20%) Exp (a= 50 
days) 

Measurements are 
small samples in river 
(< 1 liter). Uncertainty 
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Figure 3-50: Water Quality gauge stations within the Weisse Elster Watershed 

3.2.4 Geological 

No geological data are used in this case study. 

3.2.5 Soil 

The soil map of the Federal Republic of Germany (M 1:1000 000) is available for the 
whole catchment area of the Weisse Elster River basin. This soil map was supplied by 
Federal Institute for Geosciences and Natural Resources (BGR) in Hannover (Figure 
3-51). 
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Figure 3-51: Soil map of the Weisse Elster River catchment area 

3.2.6 Land use 

For the Weisse Elster basin there is a land use map derived from Landsat TM imagery 
at a spatial resolution of 50 m for 1999 as well as a more detailed biotope map derived 
from aerial photography (Figure 3-52). 
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Figure 3-52: Land use in the Weisse Elster River basin (from Landsat TM image) 

3.2.7 Economical 

The Weisse Elster basin is spread over 3 states. Basic socio-economic data is available 
from the Statistical Offices of every state and from the Federal Statistical Office Ger-
many. 

For further information please contact Bernd Klauer (UFZ Centre for Environmental 
Research Leipzig Halle, bernd.klauer@ufz.de). 

3.3 Perspectives   

It is foreseen that the UFZ will continue research in the Weiße Elster catchment, where 
special emphasis will be put on mesoscale catchments in the lowland areas near the 
town Leipzig. This will lead to an extension and related update of the data within the 
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catchment. Furthermore state authorities as well as the German Wetterdienst will con-
tinue their data collection at the discharge and meteorological gauging stations listed in 
this report.   
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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-
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Fyns County (2005): Kortlægning af grundvandsressourcerne - Status for vandressour-
cekortlægningen 2005 Miljø- og Arealafdelingen, Fyns County (in Danish). Available 
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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) 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Van der Keur et al., Odense River Catchment Data Report  4-11

 

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 
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e support 

U
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tainty 

M
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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 
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• 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). 
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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 
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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 
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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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5 JUCAR RIVER CATCHMENT DATA REPORT 

David Sanz & Guillermo Castilla  

Universidad de Castilla-La Mancha (UCLM)) 

5.1 Background1 

5.1.1 Geographical description 

The Jucar River Basin District (RBD) comprises all river basins which run into the 
Mediterranean sea, between the left bank of ”La Gola del Segura”, in its mouth, and the 
mouth of the Cenia river, as well as the endorreic basin of Pozohondo. The total area is 
42.989 km2, and extends over the autonomous regions of Castilla-La Mancha (36.6%), 
Valencia (49.6%), Aragón (13.2%) and Catalonia (0.6%) (Figure 5-1). 

 

 

 

Figure 5-1: The Jucar River Basin District 

In year 2001 this area had some 4.360.000 inhabitants, to which it should be added 
some 1.400.000 visitors who stay mainly in the coast. 

                                                 
1 This section consists basically of excerpts from the Jucar River Basin provisional Article 5 Report, pre-
pared in 2004 by the Jucar River Basin District Authority (www.chj.es) 
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Within the Jucar RBD two zones can be distinguished, coastal plains and inland, moun-
tainous areas. The coastal plains are separated by inland relief, which is mainly com-
posed of carbonate rocks. Some 25% of the total basin area is above 1000m  altitude, 
33% corresponds to coastal plains, and the remaining 42% comprise to the high plateau 
of the ” Llanura Manchega”.  

The Jucar RBD is mainly influenced by the Mediterranean climate, which is character-
ised by an intense and long dry summer period. Nevertheless, and due to geography and 
geomorphology, there are some notable differences among Northern and Southern, 
Eastern and Western parts. These differences increase climatic effects such as thermal 
inversions that produce catastrophic floods along the coast. The Jucar River Basin could 
be defined as a semi-arid or even arid zone as a whole. There are also erosion problems 
mainly due to wildfires that have devastated the JRB in recent years.  

The precipitation volume over the Jucar RBD produces a mean annual runoff of about 
80 mm, which represents approximately 15% of the total precipitation. The mean an-
nual renewable resources are 3,251 hm3/year. This figure has decreased to 2,700 
hm3/year during the last ten years, and this hinders the satisfaction of water demands. 
The rivers within JRB have Mediterranean regime, characterised by intense droughts 
during summer and floods in autumn. Only three rivers have an average discharge over 
10 m3/s, the Mijares, the Turia and the Jucar river, that supply 80% of the total surface 
water resources. From them, the Jucar river is the largest, with a mean supply of 1,825 
Hm3 a year which is equivalent to 55% of the total available resource.  

5.1.2 Environmental situation 

Jucar RBD holds a large number of ecosystems that include different habitats and spe-
cies. Besides the river fluvial network there is a good number of wetland habitats: flu-
vial environment and associated coastal areas at the mouths of the rivers, such the ones 
found in the Mijares and the Jucar Rivers, coastal wetlands and associated environment, 
as L’Albufera of Valencia. Springs, such the ones of the Verde River, inland lakes as 
Laguna de Uña and coastal saline environment as the Salinas de Santa Pola are also 
found. Each ecosystem or habitat has characteristic associated vegetation that varies de-
pending on the lithology, geomorphology and climate. The contrast between the North 
of Jucar RBD with a more humid climate, and the drier South with a varied lithology, 
determines a great richness of flora. The riparian forest is, in most riversides, the maxi-
mum expression of its biological diversity. 

Currently, the quality of the riverside environment in some river reaches is not in good 
status and measures of protection will have to be taken to prevent their deterioration. 
One of the main objectives of the Jucar RBD plan is to restore those riversides and riv-
erbanks in worse conditions, in order to recover natural geomorphologic processes and 
the ecological functioning of the fluvial system.  

The zoological communities respond, similarly to vegetation communities, to these fac-
tors that shape and alter their habitat: environmental, climatic, biological, etc. In the 
case of aquatic organisms, other important factors are the quantity and quality of water. 
In addition, the geologic history of the territory has determined the appearance of a high 
number of autochthonous species as well as endemic, since many fluvial basins have 
remained isolated for a long time. 
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There is a rich and diverse ichthyofauna in the RBD rivers mainly comprising cyprinids. 
Jucar RBD plays an important role in preserving European wet areas, since it presents a 
large number that stands out qualitative and quantitatively. Only in L’Albufera Lake, 
250 species of birds use regularly this ecosystem, and more than 90 for reproducing, 
which makes of L’Albufera one of the most important places for bird hibernation of 
Western Europe.  

Within the group of macroinvertebrates, we find the most important group of organisms 
used as water-quality bio indicators in aquatic ecosystems, especially in rivers. There 
are a great number of different fauna groups: annelids, molluscs, crustaceous and in-
sects. The success of the macroinvertebrates group as bio indicators lies in their quick 
response to the sightless alterations of the environment quality. Up to date, more than 
500 different taxa (families, genuses, species) have been identified in the studies carried 
out in the framework of the Jucar biological monitoring network. Unfortunately, no bio-
logical data will be available from the HarmoniRiB Jucar dataset. 

5.1.3 1.3 Socio economical overview 

The sector that contributes the most (65%) to the total Gross Value Added Product 
(GVA) is the public service sector (accommodation, transport, leisure, etc) being, in ad-
dition, this GVA the one with the greatest annual growth. One of the activities to em-
phasise in this sector is tourism, which contributed in 2002 with more than 1 400 
million euros just in the Valencian Autonomous Community. Industry, in value and in 
growth, is the second greatest sector (28% of the total GVA), leaving the other sectors, 
agriculture (3%) (agriculture, cattle, forestry, fishing etc.) and energy (4%) (power 
product extraction, petroleum refining, energy production and distribution etc.) with in-
significant growth. The activity developed in the seven provinces generates, as a whole, 
more than 2 300 000 jobs, and this number presents an increasing tendency for the last 
years. Concerning employment, public service and industry sectors remain as the great-
est producers of jobs (60% and 34%, respectively), and they increase annually. In the 
agriculture sector, the number of employments (5%) has descended in the last years, 
whereas in the energy sector (1%) employment has hardly changed. 
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Figure 5-2: Irrigated (green) and non irrigated (brown) agricultural land 

The water demand (year 2001) in the JRB is 3.625 hm3/year. This demand arises from 
uses such as urban (653hm3/year) and industry (120 hm3/year), and agriculture (2.852 
hm3/year). The large agricultural demand is due to the large extension of the irrigated 
land within RBD (Figure 5-2), which is mostly fed with groundwater. In recent years 
agricultural and cattle activities in the RBD have experienced a continuous loss of im-
portance in economy. The ageing population, the small average size of land holdings 
(87% are smaller than 5 ha) and the specialisation of agriculture in the region are main 
aspects to be considered in the decline of the sector. Localised water systems have in-
creased in new irrigation areas in the past 10 years, while gravity systems are slowly 
decreasing. Groundwater plays a fundamental role in the development of irrigation sys-
tems in the District, representing 73% of total water consumption within Jucar RBD. 

5.1.4 Previous studies 

The most comprehensive study on Jucar RBD, from which this background section is 
based upon, is the WFD Art.5 Report compiled by the Jucar RBD Authority as a result 
of this RBD being one of the designated Pilot River Basins (PRB) for testing the im-
plementation of the WFD. The Jucar PRB exercise started at the end of 2002 and since 
then, most of the benchmark information on the provisions of article 5 of the WFD con-
cerning the current status of the basin, has been acquired, processed, organised and ana-
lysed. The first step of the characterisation process was to identify and delineate surface 
and groundwater bodies. The number of preliminary groundwater bodies is 52, while 
the number of surface water bodies is 268, of which 255 are rivers, 10 are heavily modi-
fied lakes, 2 are heavily modified coastal lakes and 1 is an artificial water body. 

The next step of the characterisation process was to establish reference conditions for 
the 14 ecotypes defined using available data in the Jucar RBD. Then the next step was 
the analysis of pressures and impacts due to anthropogenic activities. Indispensable in-
formation needed to proceed at this point, is the precise spatial and temporal featuring 
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of water uses for the different demand units (either agricultural, urban or industrial) en-
closed within the RBD. Once this data is available, it is then feasible to conduct a pres-
sure analysis that includes significant water abstraction, regulation works and others 
hydromorphological alterations diffuse and point source pollution, as well as land use 
and other anthropogenic effects. The assessment of impacts is based mostly on the com-
parison of the water body status versus the terms of reference or environmental objec-
tives. The final stage for the characterisation process is to evaluate the likelihood of 
failing to achieve a “good status”. Further information, including the full Art.5 Report, 
can be found at http://www.chj.es. 

5.2 Metadata 

This section describes the Jucar RBD dataset within the HarmoniRiB database. There 
are 4210 object instances (locations for which there are some type of measurement) 
within the Jucar dataset. Available data have been divided into four categories: 

• Meteorological data 

• River flow  data 

• Groundwater data (including physico-chemical data) 

• Spatial data 

• Socio-economic data 

The first category consists of both daily and monthly averages for precipitation and  
temperature from more than a thousand weather monitoring stations within Jucar RBD. 
The only hydrological data available are monthly river flow data from more than a hun-
dred gauging stations. As for groundwater data, there are groundwater level measure-
ments of variable periodicity from more than a thousand boreholes, and physico-
chemical data from some 500 boreholes. Spatial data originally were in ESRI shapefile 
format (.shp), and include administrative units (municipalities), river basin district ex-
ternal (perimeter) and internal (hydrogelogical units and main river basins) boundaries, 
river reaches, lakes and reservoirs. Finally, socio-economic data include population, 
population density and employed work force per municipality. 

For each category, synoptic information is given for each object class within the cate-
gory, including a map showing object instances, attributes for which there are data 
available, period of time for which there are data, and some other metadata where avail-
able. 

5.2.1 Meteorological data 

In the Jucar River Basin there are 634 meteorological stations (Figure 5-3), which have 
all been assigned to the Object Class MTMS (weather monitoring station), and whose 
ID, name, coordinates and altitude are also available. From them, 315 stations provide 
only rainfall data, 22 only temperature data, and 297 both. The temporal resolution is 
monthly/daily, therefore we have data for the following attributes: 

• WEAT.001004 Rainfall daily total (mm) 
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• WEAT.001005 Rainfall monthly total (mm) 

• WEAT.001007 Temperature air daily minimum (ºC) 

• WEAT.001008 Temperature air daily maximum (ºC) 

In general, the period covered in the HarmoniRiB database for these attributes is 1978-
2003, though there some stations that cover a shorter period. These data were provided 
by the Spanish Institute for Meteorology (INM, www.inm.es) under an agreement (ref 
990041003, from 28 February 2005) of information exchange between INM and 
UCLM. In return, UCLM has to provide INM with two copies of HarmoniRiB Final 
Report upon the completion of the project. Unfortunately, no metadata on data quality 
or instrument accuracy were provided together with the data, so no uncertainty assess-
ment has been carried out. 

 

Figure 5-3: Location of weather monitoring stations within Jucar RBD 

5.2.2 Hydrological data 

5.2.2.1 Data type: River flow 

Concerning hydrological data, CHJ provided us with historical (1911-2003) monthly 
river flow data (HYDR.002002) from 167 gauging stations that we have been assigned 
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to the Object Class SMST (Surface Monitoring Station), for which we have site code, 
name and coordinates (Figure 5-4). Not all stations have a complete time series. In par-
ticular, there are 29 stations from an automatic early warning network (SAIH) that was 
deployed in 1989. Prior to uploading these data (60,565 recorded values in total), we 
converted them from total monthly flow (hm3/month) to mean monthly flow (m3/s) as to 
make them compliant with standard dictionary attributes and units. 

 

Figure 5-4: Location of Gauging Stations within the Jucar RBD 

5.2.2.2 Data type: Groundwater level 

There are 1837 locations (assigned to generic Object Class MONS, Monitoring Station) 
for which there are some measurements related to groundwater level or quality (Figure 
5-5). For each location, site code, name, coordinates and altitude are available. From 
them, 1293 have data on groundwater level (GEOL.007012, in meters depth). Meas-
urement frequency varies from monthly to once a year, and in many locations there are 
only a few measurements. The period of time series is 1970-2003, and the total number 
of groundwater level measurements provided by CHJ is 51,092.  
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Figure 5-5: Location of groundwater monitoring stations  within the JRB 

5.2.2.3 Data type: Groundwater quality 

There are 544 Monitoring Stations (Object Class MONS) for which there are data on 
groundwater quality. There are data from 40 physicochemical parameters (Table 5-1),  
covering the period 1985-2003, although as with the previous case, measurement fre-
quency is rather irregular between and within locations with a fuzzy temporal resolu-
tion. Measurement units are the same than those of the PHCH dictionary. The total 
number of physico-chemical measurements is 84,663. 
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Table 5-1: Physico-chemical parameters avalaible for the HarmoniRiB Jucar RBD 
dataset 

PHCH040388 Alkalinity PHCH040950 hydrogen phosphate (Dissolved) 
PHCH040419 Ammonium (Dissolved) PHCH040970 Iron (Dissolved) 
PHCH040440 Arsenic (Dissolved) PHCH040996 Lead (Dissolved) 
PHCH040529 Boron (Dissolved) PHCH041012 Lithium (Dissolved) 
PHCH040539 Bromide (Dissolved) PHCH041017 Magnesium (Dissolved) 
PHCH040554 Cadmium (Dissolved) PHCH041027 manganese (Dissolved) 
PHCH040560 Calcium (Dissolved) PHCH041057 Mercury (Dissolved) 
PHCH040596 Carbonate (Dissolved) PHCH041151 Nitrate ion (Dissolved) 
PHCH040626 Chloride (Inorganic Dissolved) PHCH041156 Nitrites (Dissolved) 
PHCH040679 Chromium (Dissolved) PHCH041202 o-dichlorobenzene (Dissolved) 
PHCH040704 COD PHCH041212 Oxygen 
PHCH040707 Conductivity 20 C PHCH041214 Oxygen (Dissolved) 
PHCH040708 Conductivity 25 C PHCH041272 pH 
PHCH040710 copper (Dissolved) PHCH041287 Phenols (Dissolved) 
PHCH040721 Cyanide (Dissolved) PHCH041323 Potassium (Dissolved) 
PHCH040765 Detergents anionic synthetic PHCH041381 Selenium (Dissolved) 
PHCH040767 Detergents cationic synthetic PHCH041402 Sodium (Dissolved) 
PHCH040895 Fluorides (Dissolved) PHCH041417 Sulfate (Dissolved) 
PHCH040912 Hardness permanent PHCH041443 Temperature water 
PHCH040913 Hardness total PHCH041570 Zinc (Dissolved) 

5.2.3 Spatial data 

This subsection includes river basin district external (perimeter) and internal (main river 
basins and hydrogelogical units) boundaries; rivers; main channels; lakes; reservoirs; 
and administrative boundaries (municipality level). All data came in ESRI shape (.shp) 
format, and were reprojected to latlong WGS84 and reformatted to .csv format prior to 
data uploading. As any other vector data in this database, vertex coordinates are given 
in decimal latlong degrees using the WGS84 geodetical datum, which are stored in the 
UNIV.POLYGON attribute. This attribute consists of two fields, X (longitude in deci-
mal degrees) and Y (latitude in decimal degrees). In general, each spatial object in-
stance has, in addition to the aforementioned attribute, its code (GENR.000001) and 
name (GENR.000002). Finally, regarding data ownership, administrative data were ob-
tained from the public website of the Spanish Institute for Statistics (INE, www.ine.es), 
whereas all the other were supplied by the Jucar RBD authority (CHJ). 

5.2.3.1  Jucar River Basin District external boundary 

The Spanish Water Law (1986) divides the Spanish conterminous territory into eleven 
River Basin Districts (RBD), where number eight is Jucar RBD, with a total area of 
43,000 sq. km. All data  within HarmoniRiB Database for which attribute 
GENR.000071 (Country Code) is set to ‘ES’, correspond to objects located within Jucar 
RBD. This item consists of a single polygonal shape, belonging to the BCIN (Basin) 
Object Class, and that represents the perimeter of Jucar RBD.  
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Figure 5-6: River Basin Districts in Spain. Jucar RBD is shown in green 

5.2.3.2 Main basins 

Jucar RBD consists of nine main physical basins (than being part of Jucar RBD have 
been assigned to Object Class SBCN (Sub-basin), which are listed in Table 5-2 and dis-
played in Figure 5-7: 

Table 5-2: Main Basins within the Jucar River Basin District 

CODE NAME AREA (Km2) 
1  Cenia-Maestrazgo  2,033.27  

2  Mijares-Plana de Castellón  4,817.95  

3  Palancia-Los Valles  1,085.56  

4  Turia  7,239.71  

5  Júcar  22,435.67  

6  Serpis  984.73  

7  Marina Alta  838.18  

8  Marina Baja  606.86  

9  Vinalopó-Alacantí  2,983.80  

 

 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Sanz & Castilla, Jucar River Catchment Data Report  5-12

 

Figure 5-7: Main basins  within JRB (from 
www.chj.es/web/mapaspdf/Q_Sistemas_Explotacion.pdf) 

 

5.2.3.3 Hydrogeological units 

The Jucar RBD Plan established 52 Hydrogeological Units (UH, that within Harmon-
iRiB have been assigned to the Object Class GRWT, Groundwater System), which are 
shown in Figure 5-8. One of these, the largest one, is UH 08.29, Mancha Oriental, on 
which HarmoniRiB Jucar case study is focused. 
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Figure 5-8: Boundaries of Hydrogeological Units within Jucar RBD 

 

5.2.3.4 Significant Rivers  

There are 508 significant rivers (having a catchment basin greater than 10 km2) in the 
Jucar RBD, that have been assigned to the Object Class RVRR (River Reach) to avoid 
duplication with rivers defining the main basins, which would consist of aggregations of 
the former. The streams were originally digitized at 1:25,000 scale. However we were 
forced to enlarge the minimum vertex interval to 0.005 degrees as to make the shapefile 
light enough for the HarmoniRiB ‘shp to csv’ converter be able to handle it. This may 
cause odd representations for rivers reaches with narrow meanders close to each other. 

5.2.3.5 Main Channels 

There are 27 main channels in the Jucar RBD (Figure 5-9) that have been assigned to 
the object Class CHAN (Channels). Form them there are three that deserve a mention . 
The Tajo-Segura Aqueduct carries water from the Tajo RB to the Segura RB passing 
through the Jucar RBD and its conveyance is about 30 m3/s. The Canal Jucar-Turia 
connects the Jucar and Turia Rivers and it is used for public water supply and for irriga-
tion. And finally, the Acequia Real del Jucar distributes water for irrigating mainly or-
ange trees and rice fields in final reach of the Jucar River. 
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Figure 5-9: Main channels within Jucar RBD 

5.2.3.6 Lakes 

There are 17 surface water bodies in Jucar RBD that qualify as lakes (Object Class 
LKES), that is, which have an area greater than 50 ha, from which the largest one is the 
Albufera lake of Valencia, with some 28 km2. Most of them have been characterised as 
heavily modified water bodies. 

5.2.3.7  Reservoirs 

There are 45 reservoirs (Object Class RESV) that regulate water resources in the Jucar 
RBD (Figure 5-10). The total reservoir capacity in the District is about 3 300 hm3, be-
ing Alarcon, Contreras and Tous  in the Jucar River and Benageber in the Turia River, 
the largest reservoirs. 
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Figure 5-10: Large reservoirs within Jucar RBD 

5.2.3.8 Municipalities 

Spain is administratively divided into Autonomous Regions, which in turn consist of 
one or several Provinces, which in turn consist of several tens of Municipalities. Hence 
the municipality is the basic administrative unit into which the territory is partitioned. 
There are 789 municipalities (Object Class MUNC) within Jucar RBD, whose bounda-
ries have been uploaded into the HarmoniRiB database (Figure 5-11). 
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Figure 5-11: Municipalities within Jucar RBD 

5.2.4 Socio-economic data 

For each instance of the object class MUNC (Municipality) within this dataset, there are 
data for three attributes of the socioeconomic dictionary: 

• SCEC.005001 Population  (inhabitants) 

• SCEC.005002 Population density (inhabitants/km2) 

• SCEC.005003 Employed work force (no. of persons) 

All data refer to year 2001, and have been compiled from the 2001 Census carried out 
by the Spanish Institute for Statistics (INE, www.ine.es). 

5.3 Perspectives 

The set of data on the Jucar RBD that is currently stored in the HarmoniRiB database 
covers a wide range of variables relevant for WFD implementation.  Notwithstanding, 
there are some domains for which there is no data, such as limnology, that indeed exist, 
but that we were not able to collect. Also, there is no assessment of data uncertainty 
within this dataset. The reason is that the data suppliers did not provide us with meta-
data on data quality, measurement method and/or instrument accuracy.  This is partly 
due to the fact that the issue of assessing uncertainty was not clearly defined by the time 
the data were collected, so we were not completely aware of the need for metadata. Be-
sides, many times the data supplier was not the originator of the data and/or has no 
metadata available. This reflects the fact that until recently, the most common way for 
institutions to handle uncertainty was to ignore it. Nevertheless, uncertainty awareness 
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is raising steady as for example nowadays, spatial data are considered of little use if not 
accompanied by the corresponding xml metadata file following the standard ISO 19115. 
In any case, this dataset is still worthwhile for the research community, as it can be used 
to study e.g. the influence of different levels of input error, which can be set up with the 
aid of the HarmoniRiB Data Uncertainty Guidelines and the Data Uncertainty Engine 
(DUE), in the output of some model. 

5.4 References 

Brown, J.D. and Heuvelink, G.V.M. (2005). Data Uncertainty Engine (DUE): User’s 
Manual, 52 pp. http://server01.idr-
ab.uclm.es/harmonirib/download/WP2/DUE_MANUAL_V2.2.pdf 

CHJ (2004) Jucar Pilot River Basin. Provisional Article 5 Report pursuant to the Water 
Framework Directive. Ministerio de Medio Ambiente, Valencia, 208 pp. 
http://www.chj.es/CPJ3/imagenes/Art5/Articulo_5_completo.pdf 

van Loon, E., and Refsgaard, J.C. (eds.) (2005). Guidelines for assessing data uncer-
tainty in river basin management studies. HarmoniRiB Report. Geological Survey of 
Denmark and Greenland, Copenhagen, 184 pp. http://server01.idr-ab.uclm.es 
/harmoniRIb/download/WP2/Guidelines_d2-1_total_050708.pdf. 
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Landsat TM image showing the location of the Geropotamou basin, one of HarmoniRiB 
river basins, within the Island of Crete. The Messara Valley, on which the Greek case 

study will focus, is shown as a shaded relief 
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6.1 Background 

6.1.1 Geographical description 

The Geropotamou basin covers an area of 600.5 km2 and is located in the central south-
ern part of Crete, about 50km south of the city of Heraklion (Figure 6-1). About 250km2 
of the total Valley area are cultivated and the remaining area (higher grounds) is used 
for livestock. The main land-use activities are olive growing (about 175km2) and grape 
vine cultivation (40km2). The remainder of the cultivated land is used for vegetable, 
fruit and cereal growing. The Messara Valley, through which Geropotamos Stream 
flows, has remained rural with a small population of about 40.000 inhabitants. The main 
source of irrigation and domestic supply is groundwater (almost 400 official water 
wells). 

The main geomorphological characteristics of the catchment are: 
• Total area:   600.5 km2 

• Max hydraulic route:  42 km 

• Max altitude:   2200 m 

• Mean altitude:  399 m 

The Geropotamou Watershed is a typical graben, formation of parallel system of faults 
with an east-west direction. Steeply mountains rise on the north and south sides. To the 
north, the divide varies from 2200m to 600m from west to east, with the highest point 
being part of the Ida mountain range (peak at 2540m) which is a limestone massif. To 
the south is the Asterousia mountain chain which rises 600m in the west to 1200m in 
the east and constitutes the southern most mountain range of Europe. 
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Figure 6-1:  Location of Geropotamou basin 

The Plain is covered mainly by Quarternary alluvial clays, silts, sands and gravels with 
thickness from a few metres up to 100m. The inhomogeneity of the Plain deposits give 
rise to great variations in the hydrogeologic conditions even over small distances. The 
northern slopes are mainly siltymarly Neogene formations while the southern slopes are 
mainly schists and limestone Mesozoic formations. 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Tsanis et al., Geropotamou River Catchment Data Report  6-5

 

Figure 6-2: Satellite view of Geropotamou basin 

The hydrological year in the area of Geropotamos may be divided into a wet and dry 
season. About 40% of precipitation occurs in the months of December and January 
while from June to August there is negligible rainfall. Although the Valley receives on 
average (long-term) about 700mm of rainfall per year it is estimated that about 65% is 
lost to evapotranspiration, 10% as runoff to sea and only 25% goes to recharging the 
groundwater store. Rainfall increases with elevation from about 500mm on the Plain to 
about 800mm on the basin slopes while on the Ida massif the annual precipitation is 
about 2000mm and on the Asterousian Mountains it is 1100mm. Pan evaporation is es-
timated at 1500±300mm per year while the winds are mainly north-westerly. The poten-
tial evaporation is estimated at 1300mm per year and so the ratio of mean annual 
rainfall to potential evaporation for the Valley is about 0.5 (700mm/1300mm) and hence 
it is classified as dry sub-humid according to UNCED (Paris Convention on Desertifica-
tion, 1994) definitions. 
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Figure 6-3: Spot V satellite image showing a 3d view of Messara Valley 

The average winter temperature is 12°C while for summer it is 28°C. Relative humidity 
in winter is about 70% while in summer it is about 60%. The plain contains several aq-
uifers and aquicludes of complex distribution and properties. Groundwater levels are 
maximum in March or April with long recessions until recharge occurs in winter. The 
aquifers were high yielding with discharge rates as high as 300 m3/hr in the early seven-
ties but now are reduced to about one tenth of this. From pumping tests, the specific 
yield (S) ranges between 5⋅10-2 and 15⋅10-2 while the horizontal Transmissivity (T) 
ranges between 1.7⋅10-2 and 6.9⋅10-5 m2/s. Lateral groundwater outflow from the Valley 
is small compared with the vertical groundwater outflow. Before the installation of the 
groundwater irrigation system, the average discharge out of the Valley was about 20 
Mm3/yr corresponding to 50 mm of the annual rainfall lost as runoff to the sea. 

6.1.2 Environmental situation 

Experts assess that the Messara Valley is threatened with desertification. Figure 6-4 
shows evidence of the dramatic drop of more than 30m in the mean groundwater level 
during the period 1989-2002. The depletion of the aquifer has reduced water availability 
as groundwater is a major resource for irrigation. The causes can be traced in the uncon-
trolled pumping and use and has created tension amongst the users. The groundwater 
level dropdown started with the introduction of pumping of the groundwater store for 
drip-irrigation of the main crop which is olive trees. 
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Figure 6-4: Seasonal Data from 3 wells in the Geropotamou Watershed 

It should be underlined that the limiting factor of water sufficiency is not the average 
precipitation availability. Local and seasonal variations that occur throughout Crete 
have greater significance with respect to demand and supply. About 70 – 80% of the 
annual precipitation depth occurs within three or four months whereas the summers are 
extremely dry and long. This condition is intensified by the local and seasonal varia-
tions of water demand. Agriculture and tourism demand increasing amounts of freshwa-
ter late in spring, during the summer and in early fall when water resources are more 
scarce. Moreover, household use increases during the warmer and drier season. On av-
erage, in Crete there is a low per capita water sufficiency, about 4800m3/inh yr, which is 
the lowest in Greece (average of 6700m3/inh yr) (Chartzoulakis, 2001). 

The impact of groundwater abstraction on the ecosystem of the watershed became obvi-
ous when the springs in the surrounding hills dried up and the environment around these 
springs died, with the loss of birds, small animals and flowers. The wetlands of the 
Messara Plain were once known for the large number of waterfowl and wild ducks. The 
Geropotamos Stream was known for its large eel population, and its banks for their sig-
nificant wild rabbit and hare populations. These populations are now almost extinct, 
partly due to the drying up of the wetlands and partly due to agricultural pesticide poi-
soning. 

There is some concern by land ecologists that African plant species might be replacing 
the native Aegean species in the Valley. The wetlands have virtually disappeared. Olive 
mill slurries discharged into the streambeds during the winter months are becoming a 
major concern, as they are toxic and are infiltrating into the aquifer system. There has 
been some discussion about using oil mill wastes for some other purpose in order to 
stop them being dumped into the streams. Another problem is that the stream channels 
are often used as dumps for rubbish, including plastic. Waste trucks are also using the 
riverbed as a dumping ground. (GRAPES, 2000) 
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6.1.3 Socio-economical overview 

Water resources management on the costal zone of the Mediterranean is particularly dif-
ficult. During the last 30 years, the percentage of irrigation with the use of groundwater 
has increased in the countries of Southern Europe. The causes of this increase in 
groundwater exploitation range from a weak balance between demand and supply of 
water towards irrigation to the lack of an integrated policy for water resources manage-
ment. This policy should take into account the use of alternative water resources, the 
socioeconomic development of the countries of Southern Europe and also include an 
appropriate pricing of water depending on local variables. As a result of the above, the 
water resources are overexploited, leading to the draining of natural water storage areas, 
destruction of ecosystems, salt intrusion and degradation of the quantity and quality of 
the groundwater (Balabanis, 1999). 

Table 6-1: Socioeconomic data 

Spatial relation Category 
Greece Crete Heraklion Geropotamou 

Unit 

Population 
Total population 10964020 599812 297501 35611 No# 

70412 5976 3260 -161 No#/year Population trend 
0.69% 1.11% 1.23% -0.43% % per year 

Number of cities>10,000 65 5 2 0 No# 
Population density 83.09 71.97 112.65 59.35 No#/km2 

Number of households 3423707 499696 114497 15811 No# 
General economic structure 

Gross value added 93255 2626     M€/year  
6784 814     M€/year  

21026 139     M€/year  
Gross value added per 

sector 
65124 1673     M€/year  

Gross product per capital 9322     10000 €/year  

Persons engaged per 
economic sector 

4056200 219100     No# 

Unemployment rate 9.80% 10500     ratio 
Tourism(No# of beds) 508000 226850 95330 15 No# 

Water sector 
Population connected to 

public water supply 
10964020 599812 297501 35611 No# 

Population connected to 
public sewage system 

  270000 160000 12500 No# 

Total fresh water con-
sumption 

1044 372 165 49 Mm3/year 

Total waste water pro-
duction 

  65 27 3 Mm3/year 

Public water supply by 
origin 

4263 273 102 39 Mm3/year 

Water supply to industry 261 1.9 1.6 0.2 Mm3/year 
Water supply to agricul-

ture 
7395 302 134 45 Mm3/year 
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The socioeconomic situation of the area in relation with the situation of the Prefecture 
of Heraklion, Crete and Greece can be summarized in Table 6-1. 

6.1.4 Previous studies 

FAO. 1972c Overall Study of the Messara Plain. Report on Study of the Water Re-
sources and their Exploitation for Irrigation in Eastern Crete. FAO Report No. 
AGL:SF/GRE/31. 

Dietrich G. and Kilakos J. 1971 Groundwater quality in the Messara Plain in Eastern 
Crete, Greece. Working Document No. 18. FAO/UNDP/AGL:SF/GRE 17. 

MESSARA , An integrated monitoring and modeling study of desertification and cli-
matic change Impacts in the Messara Valley of Crete, ENVIRONMENT Program, EU, 
DG-XII, 1994-96 

http://www.iacm.forth.gr/regional/projects/messara.html  

Yassoglou N., 1971. A study of the soil of Messara valley in Crete, Greece. Greek Nu-
clear Research Centre, Athens, Greece. 

EU research project Grapes – Groundwater and River Resources Programme on a Euro-
pean Scale. Contract ENV4 – CT 95 – 0186, DG XII, February 1996 

6.2 Metadata, data and associated uncertainties 

The methodology and discussion presented in this chapter have resulted from communi-
cation with two different authorities. From one side, there was technical staff from the 
Regional Authority of Crete which is the End User of the Geropotamou case study. At 
the same time the Regional authority of Crete is the partially managing the catchment 
and is responsible among other authorities for the collection and evaluation of data. This 
technical staff is familiar with the methods of measurement, data collection and archiv-
ing used for the data provided. From another side, there were professional weather ob-
servers of the Hellinic National Weather Service with extensive experience in weather 
data collection with the use of state of the art as well as traditional equipment, nation-
wide. 

Most data was provided to TUC in the form of hardcopy entry books where observers 
note observations in roughly fixed time intervals. Observation time intervals vary ac-
cording to the observed variable as well as the punctuality and fidelity of the observer. 
Observers in our case are mainly assigned farmers and, where possible, more experi-
enced technical personnel. 

Data includes weather, groundwater and other parameters as described in Appendix E6 
of the Description of Work document. A large part of the data refers to the time interval 
1973 – 2003. There is also data that dates from 1963. The authority in charge of a large 
part of data collection and archiving is the Service of Land Reclamation (YEB) of the 
Prefecture of Heraklion, where Geropotamou basin is located. Another part is collected 
by the Department of Water Resources Management of the Region of Crete which is the 
End User of the Geropotamou case study. 
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Access to the spatial information has been granted to TUC by the Regional authority of 
Crete for the needs of the Harmoni-Rib project. This spatial data has resulted from an 
earlier study commissioned by the Region. 

The following chapters describe data sources and content analytically. 

6.2.1 Meteorological variables 

The annual hydrological cycle of Messara can be divided in two seasons: the dry and 
the wet season. About 40% of the total annual precipitation occurs during the months of 
December and January, whereas from May to September the precipitation is minimal. 
Even though the total area of the valley receives a long term annual average precipita-
tion of about 600mm, it is estimated that 65% of the water is lost through evapotranspi-
ration and 10% discharges to the sea. Thus, only 25% of the total precipitation goes 
towards recharging the aquifer. Precipitation increases with respect to altitude, from 
about 500mm in the plains to about 800mm at the hill sides of the valley, whereas at the 
mountainous areas precipitation ranges from 1100mm to 2000mm per year. 

Total evaporation is estimated to 1500±300mm/yr and the winds are mainly western. 
Potential evaporation is calculated to 1300mm per year and thus the ratio of the mean 
annual precipitation to the potential evaporation is about 0.5. Taking this into account, 
the area can be classified as dry sub-wet according to the definition of UNCED (1994). 
The mean winter temperature is 12°C whereas during summertime the average tempera-
ture is 28°C. Respectively, the relative humidity in winter is about 70% and in summer 
about 60% (Vardavas, 1997) 

In the wider area of the island of Crete, the winds are mostly west – northwest. During 
the summer months the north winds induce very dry conditions, which are intensified 
by the lack of barometric lows in the east part of Mediterranean, and are only inter-
rupted by a few local tropical rainstorms. In the plains, the occurring heatwaves have 
often an extended duration, supported by the south winds originating in Africa. 

Large temperature variations also occur. Crete is located between the isotherms of 18.5 
and 19οC with an annual variation of 14 to 15οC. The southern part of the island is 
warmer than the northern and the warmest in the whole Greece. During the wet season 
the temperature increases as we move towards smaller latitudes whereas during the dry 
season, especially during the months of May and August, the temperature increases 
from the coast towards the plains. The lowest temperatures in a winter seldom fall under 
0οC while in the summer they often climb over 40οC. The mean annual temperature has 
increased by 0.3οC in the last two decades. 

During the wet season of 2002-03, extreme rainfall events produced a cumulative an-
nual precipitation depth of 1260mm. The effects of the heavy rainstorms were negative 
for the economy of the area as the infrastructure was insufficient for such extreme 
events. On the other hand, the aquifer of the area was significantly relieved from the 
pressure of years of uncontrolled pumping. This effect can also be seen in Figure 6-4. 

Where ever the presence of an expert scientist has not been considered necessary, daily 
measurements have been assigned to waged observers. These observers are usually lo-
cal farmers of nearby properties so as to minimise travel time for observers and ex-
penses for the managing authority. That is to say, in most cases a given farmer would 
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commute to the location of his assigned rain gauge anyway. In a small number of cases, 
observers are part of the technical staff of the managing authority. Observations nor-
mally take place daily at 8:00am local time (06:00 UTC). Later the same day, these 
measurements are appended at the closest town hall or village centre and from there to 
the entry books of the managing authority.  

6.2.1.1 Precipitation 

The continuous agricultural development of the area around Geropotamos Stream and 
the long drought periods that have occurred throughout the years caused an interest to-
wards a more detailed recording and study of local precipitation. The rain gauge net-
work of the Geropotamou Watershed comprises of 11 stations scattered in an area of 
about 600km2. This makes it the most dense rain gauge network in Crete and one of the 
densest in Greece.  

Table 6-2: Precipitation observation availability within the Geropotamou Watershed 

From (date) To (date) Location Daily / Monthly 
Daily Monthly Daily Monthly 

Ag. Barbara Daily & Monthly 01/09/1973 01/09/1965 31/08/2003 01/08/2004 
Ag. Kirilos Daily & Monthly 01/09/1973 01/09/1961 31/08/2003 01/08/2004 

Asimi Daily & Monthly 01/09/1973 01/09/1961 31/08/2003 01/08/2004 
Bagionia Daily & Monthly 01/09/1973 01/09/1969 31/08/2003 01/08/2004 
Borizia Daily & Monthly 01/09/1973 01/09/1963 31/08/2003 01/08/2004 
Gergeri Daily & Monthly 01/09/1973 01/09/1963 31/08/2003 01/08/2004 

Kapetaniana Daily & Monthly 01/09/1973 01/09/1969 31/08/2003 01/08/2004 
Lagolio Daily & Monthly 01/09/1973 01/09/1969 31/08/2003 01/08/2004 
Moroni Daily & Monthly 01/09/1973 01/09/1969 31/08/2003 01/08/2004 
Pompia Daily & Monthly 01/09/1973 01/09/1945 31/08/2003 01/08/2004 
Zaros Daily & Monthly 01/09/1973 01/09/1952 31/08/2003 01/08/2004 

The rain gauges used in the Geropotamou Watershed are Hellmann Fuess – Anagnostou 
shielded gauges and are built according to international standards. Figure 6-6 shows a 
typical Hellmann rain gauge. It consists of a collecting funnel, a protective housing with 
a rain cover, a built-in measuring vessel with a float and a syphoning device. It records 
measurements on a mechanical clockwork driven drum and the nominal recording pe-
riod is 7 days. Only some of the rain gauges used in the area have recording equipment 
for hourly measurements. 
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Figure 6-5: Precipitation gauges in the wider Geropotamou Watershed area 

The height of the gauge is 1.2m which means that all precipitation measurements are 
taken 1.2m above actual ground level. The measuring range is 0 – 10mm of precipita-
tion, the orifice area is 200cm2, the resolution of the observation is 0.1mm and the 
weight of the gauge approximately 14Kg. 

Rain gauges are being replaced from time to time since first installed but in a non-
systematic fashion. The most common reason is failure of a part of the gauge. In these 
cases, a gauge is being replaced with one of the same or equivalent features. 

 

Figure 6-6: The Hellmann type rain gauge 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Tsanis et al., Geropotamou River Catchment Data Report  6-13

Table 6-3 shows the average wetting losses of both the collector and the container per 
day for various types of precipitation gauges. These values were taken from Legates 
(1987) who compiled them from various sources. An * indicates values that were inter-
polated from gauges of similar construction by Legates (1987). From Table 6-23, Hell-
mann type gauges appear to have the largest losses (0.30mm/day). 

Table 6-3: Average wetting losses of both the collector and the container per day 
 – source Adam & Lettenmaier (2002). 

Gauge Average wetting losses (mm/day) 
L’Association  0.20 

Australian  0.02 
Chinese/Japanese  0.20* 

Hellmann  0.30 
Kostlivi  0.25* 
Nipher  0.25 

R.M.O. Mk 1  0.25 
R.M.O. Mk 2  0.20 

SMHI  0.30 
South African  0.25* 

Metra 886  0.30 
Tretyakov  0.30 

 (0.10 applied in Former USSR countries) 
NWS 8”  0.15 

Wild  0.20 
Φ 200cm2  0.25 

Adam & Lettenmaier (2002) examined the sensitivity of the catch ratios (for solid pre-
cipitation only) to variations in snow depth for the unshielded Hellmann gauge. Increas-
ing snow depth causes the effective gauge and anemometer heights to decrease from 
their standard heights of 1.5m and 10m, respectively. Catch ratio values determined by 
assuming snow depths of zero, 0.5 m, and 1 m are shown in Figure 6-7(a). Assuming 
that there is significant snow depth causes the catch ratios to increase. 

This increase is not significant at lower wind speeds, but can reach up to 10% and 30% 
for snow depths of 0.5m and 1m, respectively, for higher wind speeds. The effects of 
the decreasing anemometer height only are shown in Figure 6-7(b) assuming snow 
depths of zero, 0.5m, and 1m. Change in anemometer height has an insignificant effect 
on the catch ratio. The effects of the decreasing gauge height only are shown in Figure 
6-7(c) assuming snow depths of zero, 0.5m, and 1m. Change in gauge height accounts 
for nearly all of the change in the catch ratios when a significant snow depth is as-
sumed. 

Maintenance is also significant for the accuracy of precipitation measurements. The 
available type of rain gauges has to be calibrated daily by adding a minimum amount of 
water over which measurements take place. During dry months part of this minimum 
amount of water can evaporate if the gauge is poorly prepared. Thus, there is the risk of 
underestimating precipitation by as much as 5mm. More maintenance problems have 
occurred due to lack of funding and they usually lead to errors or loss of data. 

Other sources of empirical error are mostly related to the observers and the managing 
authority. The observers have changed through the years for various reasons so the hu-
man error has changed as well. There is also the possibility that the location of each 
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gauge might have changed by several meters for reasons that were never officially re-
corded. Obstructions, like growing trees and brunches in the surrounding could have 
altered the effects of wind or rain catch and consequently altered the error of the meas-
urement. 

 

Figure 6-7: Sensitivity of the catch ratio for solid precipitation undercatch to: (a) snow 
depth, (b) anemometer height only, and (c) gauge orifice height only. 

Digital precipitation recording equipment converts the weight of water into digital sig-
nal via the tipping bucket method. Even though this method gives consistent results it 
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still produces some errors. For example, it is not reliable enough at the time of tipping 
since a small quantity of water always remains attached on the material of scale (plastic 
or metal). This is owed to forces of cohesion between water and scale and leads to a 
systematic error of overestimating precipitation. 

 

Figure 6-8: Tipping Bucket of a digital rain gauge 

Rain gauges that record measurements on a rotating paper drum are not precise when 
the tipping occurs under heavy precipitation. Under these circumstances, there is some 
loss of water which is not recorded. However, the particular error is considered negligi-
ble because it happens in cases of intense rainfall and constitutes a small percentage in 
the total height of rain.  

Traditional rain gauges like the ones installed at the Geropotamou Watershed have 
greater accuracy than the two gauges mentioned above. The larger the effective surface 
of the gauge, the more accurate the gauge. 

The rain gauges used in the Geropotamou Watershed are Hellmann Fuess shielded 
gauges. The aggregate effect of all systematic biases usually is a net underestimation of 
precipitation. Of all the systematic biases, undercatch due to wind is generally accepted 
to play the largest role. Due to the lack of metadata, the uncertainty related to the error 
of measurement of the 8 rain gauges in the area was considered the same and always 
following an exponential PDF, described by: 

xeExp λλλ −=)( , ∞<< x0  (1)

where λ  is a parameter related to the variance 2σ  so that: 

 

2
2 1

λ
σ =  (2)
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This model was chosen over other options of two tailed distributions with the rational 
that actual precipitation is always more than that captured by conventional gauging 
equipment. Moreover, the value of λ  was calibrated to the value of measured precipita-
tion so that the error standard deviation would be equal to: 

wtettPt ++×= )()(07.0)(σ  (3)

where )(tet  a sinusoidal component that ranges from 0.1 to 0.4mm which represents the 
temperature dependent effect of gauge catch evaporation and w  a constant that repre-
sents wetting losses, here equal to 0.3mm.  

Therefore: 

wtettP
t

++×
=

)()(07.0
1)(λ  

(4)

Zero precipitation values were dealt with separately, admitting a 0.1mm error for trace 
precipitation that is bellow measurement resolution during what is considered as the wet 
season (November through February) and zero error during the dry season. 

 
Source of uncertainty Description 

Aggregate effect of losses due to wind, wet-
ting losses, evaporation, trace precipitation, 

etc. 

1. Exponentially distributed error for days with precipi-
tation and no precipitation during the wet season 

2. No uncertainty for zero precipitation during the dry 
season 

6.2.1.2 Temperature data 

There are 3 temperature measuring stations located in the wider area of the Geropota-
mou Watershed. Tympaki station has started taking measurements since 1973 under the 
management of the Hellinic National Weather Service, and there are two more in Ger-
geri and Pompia which started working in 1991. Additionally there are earlier average 
monthly temperature measurements for the above stations and for 3 more. Table 6-3 
shows the data availability for each station. 

Table 6-4: Temperature observation availability within the Geropotamou Watershed 

From (date) To (date) Location Daily / Monthly 
Daily Monthly Daily Monthly 

Tympaki Daily & Monthly 01/01/1973 01/01/1992 30/08/2001 01/12/2000 
Pombia Daily & Monthly 01/09/1991 01/09/1977 31/08/2003 01/08/2003 
Gergeri Daily & Monthly 01/09/1991 01/09/1978 31/08/2003 01/08/2003 
Gortina Monthly - 01/01/1977 - 01/11/1997 
Vorizia Monthly - 01/09/1991 - 01/08/1997 
Zaros Monthly - 01/01/1977 - 01/12/1996 

Generally, ambient air temperature field measurements are taken in two ways. One is 
every 30 minutes using a German type mercury thermometer and the other with the use 
of a thermograph (continues recording on a drum). At Tympaki station, temperature is 
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measure with both methods whereas at the other two stations where daily records exist, 
temperature is measured only with a thermograph. Furthermore, the personnel of Tym-
paki station is trained and fairly expert, so the records can be considered more credible.  

Temperature measured by simple thermometers is recorded as a single daily value so 
daily variations are not recorded. Regarding the thermograph, its paper drum lasts for 7 
days and gets replaced every Monday and at the 1st day of every month at 8:00am local 
time (06:00 UTC). 

 

Figure 6-9: Temperature measurement stations for Geropotamou Watershed 

The principal of operation of the thermograph is the different thermal dilation of the two 
different materials on each side of a metallic lamina. Some common types of thermo-
graphs are LAMBRECHT, CASELLA and FRIEZ. 
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Figure 6-10: Typical thermograph 

The thermograph has a special preparation process which has to be followed properly. 
Otherwise, various errors can arise, as a random offset depending on the initial place-
ment of the pen. This offset can be at either dimension; temperature or time. 

Also the thermograph should be placed inside a special shielded cage (e.g. a Meteoro-
logical Station) so that it is protected from the solar radiation that can cause significant 
errors by heating up the parts of the instrument. 

According to testimonies of professional observers of the Hellenic National Weather 
Service (NWS), the error of a thermograph is usually 0.1oC but can become as high as 
0.6oC. Simple mercury thermometers do not have measurement errors unless they are 
due to manufacturing faults. The only error is the fault of reading as in the case of the 
thermograph. 

From the above, the sources of uncertainty for temperature observations are summarised 
in  

Table 6-5: Sources of uncertainty for temperature measurements 
Source of uncertainty Description 

1. NWS errors 
2. Region of Crete errors 

1. Normal distribution ( x=μ , 3.0=σ ) 
2. Normal distribution ( x=μ , 35.0=σ ) 
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6.2.1.3 Evaporation 

The data of evaporation of the hydrologic basin of Geropotamou are constituted of two 
stations of daily measurement and four averaged monthly observations. Apparently, 
daily values exist in all six stations but so far they are only available in the form of entry 
books. Measurement devices like pans, tanks and lysimeters use the water budget 
method as a principle. Tanks and pans are the most common instruments. Tanks are 
buried in the ground, whereas pans are set above ground. There are several versions of 
evaporation tank and pans. A typical one is the Class A pan. It is a cylindrical container, 
1.20-1.22m in diameter and 25 cm in depth. It is mounted on a wooden frame. The pan 
is filled with water to a fixed depth of about 20 cm and the water surface level is meas-
ured daily. 

Table 6-6: Evaporation observation availability within the Geropotamou Watershed 

From (date) To (date) Location Daily / Monthly 
Daily Monthly Daily Monthly 

Pombia Daily & Monthly 01/09/1991 01/01/1992 31/08/2003 01/12/2000 
Gergeri Daily & Monthly 01/09/1991 01/09/1977 31/08/2003 01/08/2003 
Vorizia Monthly - 01/09/1991 - 01/08/1997 

Ag. Barbara Monthly - 01/09/1969 - 01/08/2003 
Asimi Monthly - 01/09/1961 - 01/08/2003 

Tympaki Monthly - 01/09/1977 - 01/05/1997 

Normally tanks and pans present isolated water bodies surrounded by a large area of 
vegetated soil; the air blowing over them will tend to have a lower relative humidity 
than if it had crossed a lake surface. Therefore, it will take up more water vapour. This 
is known as the “oasis effect”. The smaller evaporation pans are more prone to this ef-
fect than the larger tanks. 

Atmometers (e.g. Piche evaporimeter – Figure 6-12) are devices that measure evapora-
tion. A water supply is connected to a porous surface (absorbent blotting paper or ce-
ramic discs). The amount of evaporation over a designated time period is given by a 
measure of the change in water storage. For ensuring consistent observations there has 
to be a constant instrument exposure. Often atmometers are set into an instrument shel-
ter as is used for exposing thermometers to register air temperature. Atmometers are 
simple, inexpensive and easy to operate, but care must be taken to see that the porous 
surfaces from which the evaporation takes place are kept clean. Experiences with the 
Piche evaporimeter exposed in a standard temperature screen have shown that the an-
nual values are approximately equivalent to the open water evaporation from a Class A 
pan. Atmometers, tanks and pans, all measure potential evaporation. 

In the Geropotamou Watershed, evaporation is mostly measured with evaporation pans. 
In the meteorological station of Tympaki evaporation is measured with the help of a 
Piche evaporimeter that is a simpler device. Generally the measurement of evaporation 
is characterized as representative. 
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Figure 6-11: Evaporation pan 

 

Figure 6-12: Piche evaporimeter 

Table 6-7: Sources of uncertainty for evaporation measurements 
Source of uncertainty Description 

1. Reading error 1. Normal distribution ( x=μ , 05.0=σ ) 

6.2.1.4 Relative Humidity 

Relative humidity is measured at the station of Tympaki on a daily base and in the sta-
tions Gortina and Zaros. The data for the two last stations exists only in monthly inter-
vals. 

Generally, relative humidity can be measured in two ways. The one is calculating it 
from measurements of temperature of a wet bulb – dry bulb thermometer with use of 
tables. This method is adequately precise because the errors that enter the measurement 
are the fault of reading and the fault of interpolation from the tables of reduction. 

The second way is with the use hydrometer. The principal of hydrometer is based on the 
dilation or constriction of human hair located inside the device under the effect of hu-
midity. Hydrometers usually present a perceptible deviation from the real value of rela-
tive humidity. From comparisons of the two methods of measurement, the hydrometer 
presents a 7-8% error in low values of humidity and a 2-4% error in high values. The 
recording drums of the hydrometer last for 7 days and are replaced each Monday and 
each 1st day of the month at 06:00 UTC. 
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The measurements at Tympaki station can be characterized as more reliable as they are 
conducted by experienced observers and they are quality controlled by the Hellenic 
NWS. 

Table 6-8: Sources of uncertainty for relative humidity measurements 
Source of uncertainty Description 
Hydrometer error low The hydrometer error for low values (<=65%) is considered normally dis-

tributed (μ=x, σ=4) 
Hydrometer error high The hydrometer error for high values (>65%) is considered normally dis-

tributed (μ=x, σ=1.5) 

 

Figure 6-13: Hydrograph 

 

 

Figure 6-14: Mercury thermometers for humidity extraction 
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6.2.1.5 Sunshine 

The parameter of sunshine is measured with the use of a heliograph (Figure 6-15a). This 
device consists essentially of a glass sphere mounted concentrically in a section of a 
spherical bowl. Sun's rays are focused sharply on a card (Figure 6-15b) held in grooves 
in the bowl for measuring sunshine duration. Within the wider area of the Geropotamou 
Watershed, there is only one station (Tympaki) that records the hours of sunshine per 
day. This station is located outside of the limits of the hydrological basin but its meas-
urements can be considered equivalent. The records date from 1/1/1997 to 30/12/2005. 
The recording films are replaced daily after sunset. 

The uncertainty that has to be taken into account is the error of reading of the exposed 
film that is usually reduced to minutes of the hour depending on the number of periods 
of sunshine during one day. Natural obstacles that obstruct sunlight beams can also in-
fluence the reading. 

Errors can also arise from incorrect placement of the device towards the north and suit-
able configuration depending on the local longitude and latitude. Nevertheless these er-
rors are unlikely as the devices are installed by experts and after installation their 
location and orientation do not change. 

Errors are also made owing to humidity attached on the glass part of the device that in-
fluences the concentration of solar beams. Generally the total error is considered not to 
exceed 2–3%. 

Table 6-9: Sources of uncertainty for sunshine measurements 
Source of uncertainty Description 

General error Normal distribution (μ=x, σ=1.5) 
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(a) 

 

(b) 

Figure 6-15: (a) Heliograph and (b) its photosensitive card 

6.2.1.6 Wind Speed 

Wind speed is measured with the use of an anemometer. In the wider area of the Gero-
potamou Watershed there are three wind recording stations (Typmaki, Zaros and 
Gortina). The available data is daily for the station of Tympaki (1/1/1973-31/12/2000) 
and monthly for the stations Zaros and Gortina (1/1977-12/1997). 

The values of the average daily or monthly speed of wind derive from empirical reading 
of the recording strip. The observer reads the strip and then calculates a rough average 
speed for every 3 hours of observation. Those calculations, averaged again, give the av-
erage daily wind speed. 
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The data from Tympaki station is considered more reliable because the observers are 
professional. The error presented in each reading is relative as it depends on the effi-
ciency of each observer, since averages are calculated by approximation. This error 
does not exceed 10– 15%. 

Recording drums are monthly or bimonthly depending on the type of the gauge. 

Table 6-10: Sources of uncertainty for sunshine measurements 
Source of uncertainty Description 

General error Normal distribution (μ=x, σ=3%) 
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Figure 6-16: Anemometers 

6.2.1.7 Uncertainty in Meteorological data 

Generally, the classification regarding uncertainty according to Van Loon et. al., of the 
meteorological measurements can be seen in Table 6-11. Summarizing, all meteorologi-
cal data was classified as P1, B1 and M1. Also, depending on the various conditions 
taking place in each station, the adequacy of stuff and funding etc, the uncertainty de-
pending on the instruments, sampling and overall method (indices I, S, O) were esti-
mated to be between classes 1 and 3 with most measurements classifying as 2. 

Table 6-11: Uncertainty in meteorological measurements 
Uncertainty type Description Classification 

Positional Uncertainty Single point P1 
Attribute Uncertainty Continues numerical and could vary in time and in 

space 
D1 

Empirical Uncertainty Probability distribution or bounds M1 
Methodological Quality Description Classification 

Instrument quality Instrument well suited for the field situation and 
mostly calibrated 

I3 

Sampling strategy Mostly historical field data, mostly uncontrolled or just 
small samples 

S2 

Overall method Reliable or acceptable method depending on the sta-
tion 

O2 or O3 de-
pending on the 

station 

 

Although less significant as far as the values of the above variables are concerned, the 
spatial uncertainty linked with the physical location of the various gauges is also impor-
tant. 

The coordinates of each observation station have been defined with the help of simple 
GPS devices; therefore the error on the horizontal axis is roughly ±15-20m. Absolute 
altitude has been calculated via interpolation from contour lines on a 1:5000 map. 

Furthermore, there is a small chance that the location of each station could have 
changed by some meters due to unpredictable and unrecorded reasons, as mentioned 
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above. The distance of relocation is probably smaller than the error produced by the ap-
proximation of the GPS so it needs not be taken into account. 

6.2.2 Hydrological 

The Geropotamou Watershed is about 25km long and 3km wide on average, with steep 
mountain feet on its north and south sides. To the north, the boundary of the watershed 
varies in altitude from 1700m to 600m from west to east, the highest point being a part 
of the mountain range of Ida which is a mountainous body of limestone. To the south, 
the mountain range of Asterousia ranges in altitude from 600m at the west part to 
1200m at the east and forms the southernmost mountain range of Europe. At the pas-
sage of Phaistos at the west side of the valley, the exit of the watershed is located 30m 
above sea level. 

The Watershed boundary was extracted from a 30mx30m Digital Elevation Model 
(DEM). The accuracy of the DEM can be considered good as it was produced by the 
Greek Army. Therefore the error in the delineation of the watershed can be considered 
uniformly distributed ±25m in all axes. 

6.2.2.1 Runoff 

Runoff is measured at three locations (Table 6-12): the outlet of Geropotamos Stream 
and the outlets of two smaller streams, Koutsoulidis and Lithaios into Geropotamos. At 
all locations, the flow is measured indirectly by recording the stage of the stream. Since 
Geropotamos is a seasonal stream with undefined banks along most of its length, there 
is always debris carried along with the flow. The amount of debris gets larger during 
and after long or intense precipitation events. This results in changes of the cross sec-
tions where stage measurements are conducted. On average the cross sections are re-
measured for changes once every 2 to 3 years so the flow calculation formula is not al-
ways well calibrated. Thus the error can vary and is estimated at about ±10-15%. 

Table 6-12: Runoff observation availability within the Geropotamou Watershed 

From (date) To (date) Location Daily / Monthly 
Daily Monthly Daily Monthly 

Geropotamos 
(Phaistos) Daily & Monthly 01/09/1973 01/01/1968 31/08/2003 01/08/2003 

Koutsoulidis Daily & Monthly 01/09/1973 01/09/1967 31/07/1997 01/08/1997 
Lithaios Daily & Monthly 20/11/1997 01/09/1967 31/08/2003 01/08/2003 

 
Source of uncertainty Description 

General error Normal distribution (μ=x, σ=6%) 

 

6.2.2.2 Springs 

Spring discharge measurements are available for the locations of Zaros and Gergeri. 
The observations are indirect here as well, using stage – flow relationships. The cross 
sections were the stage is recorded is formed by a weir so there are no significant in-
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strument errors. Nevertheless, the observations are not daily but rather a monthly aver-
age is estimated by using only 3 to 4 measurements each month. This means that for ex-
ample a large discharge event caused by an sudden summer rain can be lost and the 
spring might be recorded as dry (zero flow) during that month. These events don’t occur 
so often so the records are mostly reliable (±5-10%). 

Table 6-13: Evaporation observation availability within the Geropotamou Watershed 

From (date) To (date) Location Daily / Monthly 
Daily Monthly Daily Monthly 

Zaros Monthly - 01/05/1969 - 01/08/1985 
Gergeri Monthly - 01/05/1969 - 01/08/1987 

 
Source of uncertainty Description 

General error Normal distribution (μ=x, σ=5%) 

6.2.2.3 Wells 

A number of wells are being observed on a biannual basis for groundwater level estima-
tions. Errors are small (±0.05m) and are mostly related to human error. 

 
Source of uncertainty Description 

Human error Normal distribution (μ=x, σ=0.025) 
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Variable 
Measurement 

Space sup-
port 

Measurement 
Time support 

Upscaled 
space 

support 

Up-
scaled 
time  

support 

Uncertainty 
category 

Type of 
empirical 

uncer-
tainty 

Methodological 
quality Longevity PDF 

type PDF parameters 

Precipitation 200 cm2 1 day 106 m2 1 day B1 M1 I3, S2, O3 L2 EXP λ= 
1/(0.07xP+et+w) 

Tempera-
ture 10 cm3 1 day 106 m2 1 day B1 M1 I3, S2, O3 L2 N μ=x, σ=0.3 

μ=x, σ=0.35 

Evaporation 10 cm3 1 day 106 m2 1 day B1 M1    μ=x, σ=0.05 

Relative 
humidity 10 cm3 1 day 106 m2 1 day B1 M1 I3, S2, O3 L2 N μ=x, σ=4 

μ=x, σ=1.5 

Sunshine 10 cm2 1 day 106 m2 1 day B1 M1 I3, S2, O3 L2 N μ=x, σ=1.5% 

Wind speed 103 cm3 1 day 106 m2 1 day B1 M1 I3, S2, O3 L2 LN μ=x, σ=3% 

Morphology 1 cm2 - 30m2 -  M1 I3, S2, O3 L2 N μ=x, σ=12.5 

Runoff 1m2 1 day 10m2 1 day B1 M1 I3, S2, O3 L2 N μ=x, σ=6% 

Springs 1m2 1 day 10m2 1 day B1 M1 I3, S2, O3 L2 N μ=x, σ=5% 

Wells 0.1m2 1 day 10m2 1 month B1 M1 I3, S2, O3 L2 N μ=x, σ=0.025 
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6.3 Perspectives  

The current network has several problems related to the methods of measurement as 
well as the methods of collection and archiving of the observations, as described above. 
Nevertheless, the basis of an observation network has already been set. Now, after a 
long time of indifference, authorities and a significant part of the local population are 
starting to recognize the need of accurate and immediate acquisition of data related to 
the environmental and social well being of Geropotamou Watershed. A sign of this 
mentality change is that recently a more reliable and technologically up-to-date obser-
vation network is being built. This network, partially funded by the E.C. uses telemetric 
stations measuring various environmental parameters.  

6.4 Acknowledgements 

Personal communication with : Marinos, NWS 

6.5 References  

Adam J. C. & Lettermaier, D. P. 2002. Adjustment of global gridded precipitation for 
systematic bias. Water Resources Series, Technical report No. 171. 

Balabanis, P., 1999. Water in Europe. Research achievements and future perspectives 
within the framework of European research activities in the field of environment, Euro-
pean Commission, Directorate General for Science, Brussel, Belgium. Retrieved Octo-
ber 2004 from www.cidob.org/ingles/publicaciones/Afers/45-46balabanis.cfm 

Chartzoulakis, K.S., Paranychianakis, N.V., Angelakis, A.N., 2001. Water resources 
management in the Island of Crete, Greece, with emphasis on the agricultural use, Wa-
ter Policy, 3, 193-205. 

Croke B, Cleridou N, Kolovos A, Vardavas I, Papamastorakis J., 2000. Water resources 
is the desertification-threatened Messara valley of Crete: estimation of the annual water 
budget using a rainfall-runoff model. Environmental Modelling & Software, 15, 387-
402. 

Grapes – Groundwater and River Resources Action Programme on a European Scale, 
2000. Technical report, Institute of Hydrology, Walliford, UK. 

Legates, D.R., 1987. A climatology of global precipitation, Publ. Climatol., 40(1), 86 pp 

Vardavas, I.M., Papamastorakis, J., Fountoulakis, A., Manousakis, M., 1997. Water re-
sources in the desertification-threatened Messara Valley of Crete: estimation of poten-
tial lake evaporation, Ecological Modelling 102, 363-374. 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-1

 

Contents 

 
7 Candelaro River Catchment Data report ............................................................... 7-3 

7.1 Background.................................................................................................... 7-4 

7.1.1 Geographical description....................................................................... 7-4 

7.1.1.1 General information........................................................................... 7-4 

7.1.1.2 Morphology ....................................................................................... 7-4 

7.1.1.3 Hydrographical network.................................................................... 7-5 

7.1.1.4 Geological and hydrogeological set-up ............................................. 7-5 

7.1.2 Environmental situation......................................................................... 7-6 

7.1.2.1 Climate .............................................................................................. 7-6 

7.1.2.2 Pedology .......................................................................................... 7-10 

7.1.2.3 Land use and land cover .................................................................. 7-11 

7.1.2.4 Main information concerning the Integrated Water Service ........... 7-12 

7.1.2.5 Main problems characterising the basin .......................................... 7-13 

7.1.3 Socio-economical overview ................................................................ 7-14 

7.1.4 Previous studies ................................................................................... 7-16 

7.1.4.1 A GIS tool for hydrogeological water balance evaluation on a regional 
scale in semi-arid environments ...................................................................... 7-16 

7.1.4.2 A preliminary assessment of the groundwater environmental state in 
the shallow aquifer of the “Tavoliere di Puglia” ............................................. 7-17 

7.1.4.3 Agreement Regional Program for Protection and Integrated 
Management of the Water Resources in Apulia.............................................. 7-17 

7.2 Metadata, data and associated uncertainties................................................ 7-17 

7.2.1 Meteorological variables ..................................................................... 7-18 

7.2.1.1 Rainfall data..................................................................................... 7-18 

7.2.1.2 Temperature data ............................................................................. 7-22 

7.2.1.3 Relative Humidity ........................................................................... 7-26 

7.2.1.4 Wind speed and direction ................................................................ 7-29 

7.2.1.5 Atmospheric pressure ...................................................................... 7-31 

7.2.1.6 Solar radiation ................................................................................. 7-32 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-2

7.2.1.7 Evaporation potential....................................................................... 7-33 

7.2.2 River discharge.................................................................................... 7-37 

7.2.2.1 Daily mean flow .............................................................................. 7-37 

7.2.2.2 River quality data ............................................................................ 7-39 

7.2.3 Groundwater quality data .................................................................... 7-42 

7.2.4 Topographical variables ...................................................................... 7-45 

7.2.4.1 Digital Elevation Model (DEM)...................................................... 7-45 

7.3 References ................................................................................................... 7-46 

 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-3

7 CANDELARO RIVER CATCHMENT DATA REPORT 

Emanuele Barca, Giuseppe Passarella, Rossella Lo Presti, Rita Masciale  
& Michele Vurro  

Water Research Institute of the National Research Council (IRSA-CNR) 

 

The Candelaro River Basin Data Report is a part of Italy’s contribution to the testing of 
a number of EU guidance documents relating to implementation of the Water Frame-
work Directive (WFD). All relevant information in this respect is described in the report 
‘A preliminary assessment of the groundwater environmental state in the shallow aqui-
fer of the “Tavoliere di Puglia”’ (2005) a pdf file of this report will be soon available. 
For further information refer to section 1.4 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 Candelaro 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 
Candelaro river basin and the uncertainties connected to these data. 
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7.1 Background 

7.1.1 Geographical description 

7.1.1.1 General information 

The Candelaro river catchment (Figure 7-1) is located in the northern part of the 
Apulian region on the typical geo-morphological environment of the Tavoliere of 
Apulia (the largest alluvial plain in southern Italy and the second one in Italy). Its ex-
tension covers more than 2330 km2 and a perimeter of approximately 250 km long. 

The entire basin is enclosed between the Apennine Chain to the west and the Mesozoic 
carbonate platform (Apulian foreland) that crops out of the Gargano Promontory, to the 
East. 

 

 

Figure 7-1:  The Candelaro River Basin 

7.1.1.2 Morphology 

Morphologically, the basin is characterised by a mean elevation of 300 m, a maximum 
of 1150 m and a minimum of 0 m above the sea level. Three different zones can be dis-
tinguished (see Figure 7-1): 

 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-5

• Zone 1 comprises the eastern border of the Apennine Chain (Subappennino 
Dauno); 

• Zone 2, the most extended, is represented by the plain of the Tavoliere that from 
Subappennino hills degrades towards Adriatic sea; 

• Zone 3 is constituted by the southern slope of the Gargano Promontory. 

7.1.1.3 Hydrographical network  

The three zones reveal very different features. Zone 3 is affected by karstic phenomena 
and consequently it is characterized by the absence of surface water circulation and a 
nearly exclusive groundwater circulation. Instead, the less permeable of Zone 2 and 1 
ensure a well developed hydrographic network. 

The main stream is the torrent Candelaro (length of about 67 km) that flows to the edge 
of the Gargano in direction NW-SE in correspondence of a fault formed during the ris-
ing of the promontory. The right slope of the basin is rather small while the left one is 
very wide and ploughed by a large number of tributaries. The most important are the 
torrent Celone, Salsola and Triolo. These streams originate from the Subappennino 
Dauno, receive water from several sub-tributaries, flow through the plain of the 
Tavoliere, from SW to NE, and go into the Candelaro in correspondence of its middle 
course. The superficial density of the hydrographic network is rather elevated; the final 
water body is the Adriatic Sea. 

The streamflow regime has typical Mediterranean semi-arid features with a seasonal 
pattern of drought period and flash floods. In the following chapters some figures will 
represent the annual trend. 

7.1.1.4 Geological and hydrogeological set-up 

Candelaro basin is characterised by a calcareous and calcareous-dolomitic framework 
that is dislocated by faults which produce a graben-type morphology. The Plio-
Pleistocene basin-filling sediments (Bradanic cycle), essentially consist of clays (indi-
cated with the generic term of “grey-blue clays”), interbedded with thin sandy and silty-
sandy lenses, which evolve to sand, sandy gravel and gravel in the upper part of se-
quence. The regressive sequence is overlaid by quaternary deposits referring to different 
marine sedimentary cycles and continental alluvial phases. 

The geological setting described above provides conditions for groundwater circulation 
inside the quaternary alluvial and marine deposits (shallow porous aquifer) and, at 
greater depths, inside the thin sandy lenses interbedded with grey-blue clays (deep po-
rous aquifer) as well as inside the carbonate framework (deep karst-fractured aquifer) 
(Figure 7-2). 
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Figure 7-2:  Geological and hydrogeological features 

The shallow porous aquifer, whose thickness increases proceeding towards the coast, 
consists of a complicated alternation of soils having different relative permeabilities: 
sand and gravel (aquifer) with interbedded clay silts and subordinately sandy silts (aqui-
tard). The result is a multi-layered aquifer-aquitard system. Nevertheless, the different 
aquifer levels are hydraulically connected and form a wide, single groundwater system. 
Generally, the more permeable layers prevail in the upper part of the plain (recharge 
zones), where groundwater occurs under phreatic conditions, while the less permeable 
layers prevail in the lower part of plain towards the sea. Here the aquifer becomes lo-
cally confined and groundwater occurs under pressure conditions. The aquifer is re-
charged principally by rain, though a secondary source is represented by the streams 
crossing the plain of the Tavoliere. 

7.1.2 Environmental situation 

7.1.2.1 Climate 

On the base of the value of temperature (minimum and maximum), rainfall and 
evapotranspiration it is possible to characterize two homogenous climatic areas (A and 
B) in the basin, see Figure 7-3. The homogenous climatic area B coincides with the 
western border of Gargano Promontory and Daunia Mounts. The continental type of 
climate, with cold winter and warm summers, is strongly influenced by orography. The 
monthly average temperature of January is attested around the 5 - 6,5 °C, while those of 
August around the 22,8-23,8 °C. The rainfall, concentrated in autumn-winter season, is 
more greater than regional averages with the maximum peaks of 800-1000 mm of rain-
fall per year. A particular climatic characteristic of the area is the high value of wind 
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intensity in every period of the year, than often creates problems in the agricultural ac-
tivity. 

The homogenous climatic area A coincides with the Tavoliere plain. It’s among the 
warmer and main drought zones in Italy with the maximum values of temperature that 
often exceed 45 °C. 

The climate, generally defined as Mediterranean, is warm and dry type; but in large ar-
eas of the plain it is characterized by torrid summers and cold winter temperatures that 
often fall beneath zero. Naturally, in coastal band the sea exercises a mitigating action, 
and consequently the winter are less rigid and the summers less warm. The rainfall, con-
centrated in the October-April period, is scarce (approximately 500 mm per year). Flash 
floods are not rare. A particular climatic characteristic of the area is the high value of 
mean annual potential evapo-transpiration around 900-1100 mm. 

The study of thermopluviometric data brings to light that the rainfall rate decreased 
about 30% during the last 40 years while temperature increased about 0.5 °C.This pro-
duced an increase of the areas considered subject to the risk of desertification. 

 

 

Figure 7-3:  Spatial variability of the average yearly rainfall 
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Figure 7-4:  Spatial variability of the attributes Mean Temperature 

 

 

Figure 7-5:  Spatial variability of the attributes Minimum Temperature 
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Figure 7-6: Spatial variability of the attributes Maximum Temperature 

 

 

Figure 7-7: Meteorological homogeneous areas 
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7.1.2.2 Pedology 

The pedology of the river basin is almost heterogeneous, due to the different textures 
and soil composition. In particular, most of the soils are made by clay and sandy clay; 
the former is located principally in the flat part of the plain, the origin is alluvial with 
low percentage of skeleton, high capacity of water retention and low hydraulic conduc-
tivity: Resulting in a low velocity of drainage. The latter has higher percentage of sand 
and is settled in the high part of the plain (above 100 m a.s.l.) and along the Gargano 
border. This soil is characterised by high hydraulic conductivity, low water retention 
and a low possibility of retaining nitrogen compounds. 

 

Table 7-1: Soil types 

Soil types Total area - (ha) Actual area% 
Vertisols 123956 53.17
Calcisols 4102 1.76
Calcisols-Luvisols 817 0.35
Phaeozems 175 0.07
Vertisols-Gleysols 2887 1.24
Luvisols 18597 7.98
Leptosols-Luvisols 53832 23.09
Leptosols 28736 12.30
Arenosols 5 0.00

 

 

Figure 7-8: Pedology 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-11

7.1.2.3 Land use and land cover 

From an economic and productive point of view, the most important part of the 
Tavoliere is the lowland of the plain. As a matter of fact between the hills and the valley 
there is a high heterogeneity due to the climatic, geomorphologic and pedological con-
ditions. The lowland part has characteristics suitable for a very intensive agriculture, 
particularly wheat, mais during winter time and tomato in summer, and secondary vege-
tables and sugar beet, fruit trees, and olive and grapes. In the high part of Tavoliere, 
where the morphology is more irregular, natural and man made forest lands and pasture 
are frequent. 

Table 7-2: Land Uses 
Land Use ha % 
Road and rail networks 29,57 0,01 
Stream courses 578,28 0,25 
Permanently irrigated arable 271,31 0,12 
Salt marshes 471,95 0,20 
Coastal lagoons 29,69 0,01 
Aerport 828,02 0,36 
Water bodies 182,57 0,08 
Natural grassland 12.171,67 5,22 
Transitional woodland-scrub 1.782,71 0,76 
Sclerophylus vegetation 199,87 0,09 
Sparsely vegetated areas 2.911,80 1,25 
Mineral extraction 475,52 0,20 
Industrial units 185,94 0,08 
Arable land with natural vegetation 3.830,10 1,64 
Coniferous forest 969,96 0,42 
Full-field herbaceous cultivation – summer/autumn or spring/summer cycle 11.610,87 4,98 

Full-field horticultural cultivation – spring/summer cycle 1.497,45 0,64 

Bare rocks 231,97 0,10 

Non irrigated arable land 145.826,8
9 

62,5
6 

Discontinuous urban fabric 420,32 0,18 
Vineyards 9.335,98 4,01 
Annual associated with permanent cultivation 5.633,31 2,42 
Full-field herbaceous cultivation – spring/summer cycle 3.998,66 1,72 
Complex cultivation patterns 8.974,26 3,85 
Broad-leaved forest 6.557,92 2,81 
Continuous urban fabric 2.519,73 1,08 
Olive groves 9.497,73 4,07 
Mixed forest 1.673,84 0,72 
Fruit trees and berries plan 397,25 0,17 
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The area of the Candelaro basin comprises three Candidate Sites of Community Impor-
tance (cSCI) (Monte Cornacchia - Bosco Faeto, Monte Calvo - Piana di Montenero, 
Bosco Jancuglia – Monte Castello) and two Special Protection Areas (SPA) among 
which Palude Frattarolo - an old marsh zone subsequently reclamated and actually con-
sidered as coastal wetlands. Moreover, part of the basin area is comprised of the Na-
tional Park of Gargano. 

 

 

Figure 7-9: CORINE Land Cover  

7.1.2.4 Main information concerning the Integrated Water Service 

1. Water Resources: 
• Rivers (< 1%); 

• Groundwater (> 75%); 

• Reservoirs and External resources (S. Giusto, Occhito, Marana-

Capaciotti and Osento reservoir) (24%); 

2. Water management organization: 
• Regional River Authority; 

• Water Supply Authority; 

• Irrigation Authority; 

• AQP S.p.A.: Water Integrated Service Company (withdrawal, adduction, 

distribution, sewerage systems, waste water treatments); 
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3. Water uses: 
• Irrigation (main use) (60%); 

• Industry (36%); 

• Drinking water (4%) 

7.1.2.5 Main problems characterising the basin 

1. Lack of water for the satisfaction of the uses; in fact the total amount of available 

water from surface and groundwater systems is smaller than what is needed. During 

the last twenty years, a change in the agricultural practices in this area from an ex-

tensive grain farming to a wide horticultural activity that requires a larger amount of 

water has been observed; 

2. Hydrographic frame characterised by a torrential regime, with very small discharges 

during the summer; 

3. The rainfall rate decreased about 30% during the last 40 years; this produced a pro-

gressive increase of the areas considered subject to the risk of desertification. 

4. Pollution phenomena not particularly worrisome, but special attentions must be ad-

dressed to the presence of nutrients (diffusion pollution), produced by the intensive 

agricultural practices, to physical and chemical changes of the soils, specially to re-

duction content of organic matter (risk of desertification), and to microbiological 

risks for the waters. 

5. The over-exploitation of groundwater for irrigation brought a progressive impover-

ishment of the aquifer about, and, in several zones, a total absence of shallow 

groundwater; the over-exploitation is the cause of saline contamination phenomena, 

too. 

6. Concerning the hydrogeological risk, a number of landslides have been recorded in 

the basin together with phenomena of soil erosion. 

Consequently the Candelaro Basin is representative of areas: 
• influenced by a typical Mediterranean climate; 

• characterised by scarcity of water resources; 

• subjected to intensive agricultural exploitation. 
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7.1.3 Socio-economical overview 

At the end of 2001 the residential population was about 347.000 (73 inh/km2) and a 
high variability in trends with respect to the municipalities as reported in Table 7-1. 
This difference is due to the geographical peculiarities of the territory. During the last 
10 years the polupation numbers are decreasing in almost all areas.the low density of 
the population is rather evident in almost all the area. This phenomenon is mitigated by 
the immigration of people coming from Eastern European countries as Albania, Ruma-
nia and Bulgaria, as from Northern Africa. Most of these migrating people are involved 
in agriculture, often without regular contracts, legislative rights and insurances. Another 
interesting aspect of the area is the increase of the population living in .urban areas.  

The province of Foggia shows a well structured economical system as reported in the 
Table 7-2, where the weight of the principal productive sectors, related to 1995/2004, 
has been expressed in terms of increase; the economical system showed, in the last ten 
years, the increase of 46,4% of the with respect to 1995. 

 

Table 7-3: Inhabitants per municipality and trends of the basin population. 

Municipality Population  
(31/12/2001) 

Demographic density  
(inh/km2) 

Trends  
from 1991-2001  

(%) 

Alberona 1.132 23 -10,6
Apricena 13.637 79,6 -0,1
Biccari 3.069 28,9 -11,3
Castelluccio Valmaggiore 1.463 54,8 -5,3
Celle San Vito 186 10,2 -37,4
Faeto 754 28,8 -25,0
Foggia 155.188 305,6 -0,7
Lucera 35.141 103,8 -1,3
Motta Montecorvino 942 47,8 -17,9
Pietramontecorvino 2.959 41,6 -4,5
Rignano Garganico 2.302 25,9 -4,3
San Giovanni Rotondo 26.150 100,8 7,1
San Marco in Lamis 15.750 67,7 3,4
San Paolo di Civitate 6.099 67,3 -1,4
San Severo 55.719 167,3 1,4
Torremaggiore 17.020 81,6 -2,2
Troia 7.475 44,7 -5,1
Volturino 1.993 34,8 -10,4
Total 346.979 Mean 73,0
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Figure 7-10: Municipalities 

Table 7-4: Increase per economical activity sector in province of Foggia and in Apulia 
(Values expressed in M€). 
Years/Area Agriculture Industry 

 
Industry 
in a strict 

sense 
House buildings Total 

Other ac-
tivities Total 

 

Province of Foggia 
1995 796,5 736,0 337,7 1.073,7 4.442,1 6.312,3 
2004 892,0 915,7 427,3 1.343,0 7.003,3 9.238,3 
 Apulia 
1995 2.937,1 6.984,5 2.147,3 9.131,8 27.811,3 39.880,1 
2004 2.874,1 8.629,8 3.280,6 11.910,4 43.825,6 58.610,1 
 Provinces/Region (% Inhabitants) 
1995 27,1 10,5 15,7 11,8 16,0 15,8 
2004 31,0 10,6 13,0 11,3 16,0 15,8 
 % Trend from 1995 to 2004 
Province of Foggia 12,0 24,4 26,5 25,1 57,7 46,4 
Apulia -2,1 23,6 52,8 30,4 57,6 47,0 

Source: Elaborations on data provided by Bank Enterprises Observatory of Economy and Finance. 
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In a recent study referring to 2004, the Italian Institute of Statistics evaluated the em-
ployment in the province of Foggia. It has been estimated to about 192.000 employed 
units with a decrement of about 10.000 employed units (about 5%) with respect to the 
previous year The employment rate is about -1,0 %, that is to say that every year there 
is a loss of 1% of the employed units. 

 

Table 7-5: Scenarios 

 Province of Foggia % Trend from 2003 to 2004 

Potential employing force 238.000 1,3 

Actually employed 192.000 -5,0 

People looking for occupation 46.000 39,4 

% activity rate 52,1 11,7 

% occupation rate 33,7 -1,0 

% unemployement rate 19,3 5,3 

7.1.4 Previous studies 

7.1.4.1 A GIS tool for hydrogeological water balance evaluation on a regional scale in 
semi-arid environments 

The GIS tool developed allows the application of the physically-based soil water and 
groundwater balance model, and therefore can be used for research, planning and pro-
tection purposes in semi-arid drainage basins. Soil water balance is performed using a 
fully distributed approach, yielding output variables in the form of digital maps on a 
yearly basis. The annual groundwater balance model, managing water mass exchanges 
between water-bodies (marine groundwater outflow, water exchange with surrounding 
aquifers, etc.) as lumped terms, provides output variables summarised over the hydro-
logical unit extent. 

The main reasons for using a GIS tool is that deep infiltration and soil moisture dynam-
ics vary spatially, so that cell sizes should be chosen to account for the spatial variabil-
ity of such parameters. Use of the proposed tool gives the following advantages such as 
the possibilities of modifying input-maps with different climate data (for the application 
with data-sets from non-averaged time series aiming at long term groundwater balance 
modelling or water balance forecasts under changing climate scenarios) and/or land use 
patterns and/or groundwater protection measures to simulate alternative scenarios. 

The tool described could be further developed to incorporate a finer model description 
of physical phenomena. Interfaces with other environmental computer applications are 
also envisioned here:  

• groundwater 2D-3D flow models in which natural recharge represents the input 

data-set; 

• decision support systems for water resources management; 
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• climate simulation models. 

The application to a test case demonstrated the high flexibility of the tool, which proved 
to be useful for the satisfactory estimation of groundwater recharge, irrigation water 
demand and soil moisture content. 

7.1.4.2 A preliminary assessment of the groundwater environmental state in the shallow 
aquifer of the “Tavoliere di Puglia” 

In application of DLgs 152/99 regulations, relative to methodologies for groundwater 
body classification, the study brings to light the entity of the quantitative and qualitative 
degradation of the shallow porous aquifer of the Tavoliere, defining its environmental 
state as poor. In quantitative terms, with regard to the period 1987-2002, piezometric 
data analysis emphasised a significant and general decreasing of the piezometric head in 
the monitoring wells, which in some cases, proved to be dry. Instead, relative to the ob-
servation period 2002-2003, as a result of an exceptionally rainy period, a general rising 
of the piezometric head was observed, which was more marked in the western area con-
stituting the recharge area of the aquifer system. The significant stress to which this 
groundwater system is exposed was also confirmed by qualitative analysis based on the 
chief physical-chemical parameters imposed by recent laws on the subject of water 
quality safeguards. With reference to the base parameters, it emerged that the water 
samples, in most cases, possess poor hydrochemical characteristics linked to elevated 
concentration of nitrates and elevated salinity. The heterogeneity of the wide aquifer 
system was confirmed by qualitative analysis, which underlined that there are zones 
with different average chemical characteristics. 

7.1.4.3 Agreement Regional Program for Protection and Integrated Management of the 
Water Resources in Apulia. 

Within this agreement a convention has been stipulated by the Apulia Regional Gov-
ernment with Water Research Institute-Department of Bari (IRSA), Polytechnic of Bari 
– Department of Water Engineering and Chemistry, and the Mediterranean Agronomic 
Institute of Bari (IAMB). The convention title is “Characterize sustainable strategies to 
protection and environmental improvement of Candelaro wetlands in Puglia”. The re-
search, still on course, has the aim to:  

• verify methods and techniques of environmental state monitoring; 

• characterize a set of implementing measures which will apply; 

• propose sustainable destinations for the wetlands. 

7.2 Metadata, data and associated uncertainties 

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 Cande-
laro river 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 
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can be made with respect to what scale such ‘sample support’ measurement are to rep-
resesent in an environmental modelling study, then uncertainty is also evaluated at this 
rescaled support as proposed in Refsgaard et al. (submitted). The assessed data uncer-
tainty can then be used to define and store uncertainty models by means of the Data Un-
certainty Engine, DUE (Brown & Heuvelink, 2006) for data uploaded to the 
HarmoniRiB database. 

7.2.1 Meteorological variables 

7.2.1.1 Rainfall data 

General information scheme: 
• Type: meteorological variable; 

• Unit of measure: mm per time interval; 

• Number of stations: 27 (16 stations of Regione Puglia – Servizio Idrografico 

and 11 stations of Consorzio per la Bonifica della Capitanata); 

• Temporal resolution: daily; 

• Period of time series: from 01/01/1970 to 31/12/2001 for the Idrografico net-

work and from September 1997 to March 2000 for the Consorzio Bonifica Capi-

tanata network; 

• Data Media: point vector layer for spatial data; table for the attribute; 

• Data Provider: Regione Puglia - Assessorato ai Lavori Pubblici – Ufficio 

Difesa del Suolo – Servizio Idrografico; Consorzio per la Bonifica della 

Capitanata. • Uncertainty Code: D1 (numerical continuous; varies both in space and time); 

• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

Sensor information for the network of the Idrografico: 
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Figure 7-11: Tippin bucket rain gauge 

 
• Sensor type: tipping bucket rain gauge; it’s a pluviograph that was initially in-

vented by Christopher Wren in 1662 and consists of two small vessels that tip 

empty as soon as one of them is filled with collected rain. Water is initially col-

lected in a funnel of 0,1 m2. Beneath the funnel there is a weighing machine with 

the two vessels. When one of them is full of water, the weight makes the system 

rotate; in this way the first vessel tips, while the other is set for collecting water. 

Then a new cycle can start. Each vessel can carry a rainfall of 0,2 mm before 

tipping. One disadvantage might be that there is a risk of great evaporation be-

tween the dips during dry periods. 

• Instrument precision: 2 %; 

• Sensitivity: 0,2 mm; 

• Operative Temperature: from -50 to +60 °C; 

• Data recording: the value recorded corresponds to the depth of precipitation 

fell between the 9:00 a.m. of the previous day and the 9:00 a.m. of the current 

day. 

Sensor information for network of the Bonifica della Capitanata: 

No data available. 
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Table 7-6: Rainfall stations site coordinates (CBC = Consorzio di Bonifica della 
Capitanata; RP-SI = Regione Puglia Servizio Idrografico). 

Station Name Site 
Code 

Latitude  
(deg) 

Longitude  
(deg) 

Elevation  
(m a.s.l.) 

Data Provider

Apricena_CEARS B5 41.767500 15.838889 55 CBC 
Candela_DiStefano B3 41.107778 15.715833 207 CBC 

Castelnuovodaunia_vannelli B9 41.610278 15.538889 177 CBC 
Cerignola_torricelli B8 41.262222 16.031389 126 CBC 

Foggia_Borrelli B13 41.591667 15.705556 21 CBC 
Foggia_GALLI B7 41.473056 15.790556 36 CBC 
Lesina_Bevere B6 41.871389 15.663611 13 CBC 

Lucera_Digiovine B4 41.547778 15.783056 102 CBC 
Stornara_Ortodaunia B2 41.297500 15.933889 101 CBC 

Torremaggiore_Diianni B12 41.681389 15.755556 110 CBC 
Trinitapoli_Degno B1 41.319722 16.463333 17 CBC 

Alberona Idro2 41.431944 15.124194 707 RP-SI 
Biccari Idro14 41.393028 15.190833 449 RP-SI 
Faeto Idro45 41.323083 15.164028 905 RP-SI 

FoggiaIAC Idro50 41.453000 15.515222 74 RP-SI 
FoggiaOSS Idro51 41.461750 15.543528 74 RP-SI 

Lucera Idro71 41.514417 15.334028 251 RP-SI 
MasseriaPidocchiara Idro3 41.585040 15.251630 176 RP-SI 

Ortodizolfo Idro100 41.372417 15.154778 910 RP-SI 
Pietramontecorvino Idro105 41.544389 15.129778 456 RP-SI 
Sanmarcoinlamis Idro117 41.711194 15.636944 560 RP-SI 

SanSevero Idro120 41.693806 15.384667 87 RP-SI 
Tertiveri Idro135 41.433833 15.206806 352 RP-SI 

Torremaggiore Idro145 41.690417 15.292889 169 RP-SI 
Troia Idro149 41.362472 15.310417 439 RP-SI 

Volturino Idro156 41.478250 15.128278 735 RP-SI 
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Figure 7-12: Rainfall stations site location. 

The gauge measurements include a series of errors which lead, as a rule, to an underes-
timation of the true precipitation. In scientific literature (Drecourt & Madsen, 2002; Ve-
jen et al.,1998; Rubel & Hantel, 1999), the authors agree that the observations can be 
considered affected by three main sources of error and some secondary error sources: 

1. the wind-induced losses which is the largest error; 

2. the wetting of the walls and evaporation in the rain gauge; 

3. a measurement error due to instrumental accuracy and precision; 

4. other sources of error are: splash in, splash out, windshield, exposure, tempera-

ture etc. 

The first source of error comes from the use of elevated can-type gauges that are subject 
to systematic errors (bias) mostly due to wind field deformation above the precipitation 
gauge orifice (Sevruk, and Nespor, 1998). An elevated precipitation gauge systemati-
cally distorts the wind field and forces the wind speed to increase over the gauge orifice 
(blocking effect). Due to this adverse wind action, some of the lighter precipitation par-
ticles are borne away before reaching the gauge and are lost for the measurement. The 
wind-induced loss depends on wind speed, the weight of precipitation particles, i.e. the 
intensity of precipitation and the gauge construction parameters. The use of windshield 
and small installation height of the gauge can help to reduce the wind speed in the level 
of the gauge orifice. For shielded gauges the wind-induced loss for snow can be reduced 
to one-half of its value for unshielded gauges and to 70% for mixed precipitation. Sum-
ming up, the wind-induced error is small for large intensities, small installation heights, 
and gauges with windshield or as placed at protected gauge sites. In contrast it is large 
for small intensities, large installation heights, unshielded gauges and gauges placed at 
exposed sites. The wind-induced loss amounts on average to 2 - 10 % of measured val-
ues of rain and up to 60 % of snow for unshielded gauges and wind speeds greater than 
4 ms-1. 

 

Figure 7-13: Wind induced losses (Sevruk, B., and Nespor V. 1998) 
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The second source of error, the wetting (2 - 10%) and evaporation (0 - 4%) loss, de-
pends on age, material of the inner walls and the depth of the gauge collector relative to 
its diameter. The shape of the gauge orifice rim can have a certain effect too. The 
evaporation loss depends also on the gauge construction parameters. 

The third source of error depends on the characteristics of the measuring instrument and 
it is, generally, modelled as white noise. 

Accounting for the three main sources of errors brings to model the rainfall uncertainty 
as a Beta distribution  

 

with a mean of 1.2 times the actual measurement and a 95% confidence interval be-
tween 1 and 1.5 times the actual measurement. 

The limits of the Beta distribution are 1 and 2.5 times the measurement. The measure-
ment errors at the different stations are assumed to be uncorrelated as stated in literature 
(Drecourt & Madsen, 2002). It has been decided to keep a zero-rainfall measurement 
unaffected. The uncertainty distribution depending mostly on instrumental precision is 
gaussian centred in the measured value with a precision of 2%. 

7.2.1.2 Temperature data 

General information 
• Type: meteorological variable; 

• Unit of measure: °C; 

• Number of stations: 6 (Ufficio Idrografico) and 11 (Consorzio per la Bonifica 

della Capitanata); 

• Temporal resolution: daily and monthly; 

• Period of time series: from September 1997 to March 2000 for daily dataset; 

from 1950 to 1996 for monthly dataset; 

• Data Media: point vector layer for spatial data; table for the attribute; 

• Data Provider: Assessorato ai Lavori Pubblici – Ufficio Difesa del Suolo and 

Consorzio per la Bonifica della Capitanata; 

• Uncertainty Code: D1 (numerical continuous; varies both in space and time); 

• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 
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Sensor information for Idrografico network: 

Since the beginning of observations (about 1930) to 1997: 
• Sensor type: mechanic thermograph TM 2600; the sensor is a metallic tube 

(Bourdon tube). When air temperature changes, the tube expands itself and such 

deformation is transmitted to a writing pen. 

Since 1997 up today: 
• Sensor type: thermograph TM 9756; the sensible element is represented by a 

platinum resistance Pt100 (100 Ohm for 0°C).  

• Instrument precision: ± 0,3 °C; 

• Sensitivity: 0,1 °C; 

• Range: from -30 to +50 °C; 

• Response time: 5 sec; 

• Registration time: 1 minute; 

• Data recording: the value recorded corresponds to the minimum and maximum 

value recorded at 9:00 a.m.; the minimum value is assigned to the current day, 

the maximum value is assigned to the previous day. 

 

 

Figure 7-14: Temperature gauge. 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-24

 

Figure 7-15: Temperature gauge. 

 

Sensor information for Consorzio Bonifica Capitanata network:  

No data available. 

 

 
Figure 7-16: Temperature stations site location. 
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Table 7-7: Temperature stations site coordinates (CBC = Consorzio di Bonifica della 
Capitanata; RP-SI = Regione Puglia Servizio Idrografico). 

Station Name Site 
Code variables collected Latitude  

(deg) 
Longitude  

(deg) 
Elevation 
(m a.s.l.) 

Data  
Pro-
vider 

Apricena_CEARS B5 
daily maximum, mini-
mum and mean tem-

perature 
41.767500 15.838889 55 CBC 

Candela_DiStefano B3 
daily maximum, mini-
mum and mean tem-

perature 
41.107778 15.715833 207 CBC 

Castelnuovo-
daunia_vannelli B9 

daily maximum, mini-
mum and mean tem-

perature 
41.610278 15.538889 177 CBC 

Cerignola_torricelli B8 
daily maximum, mini-
mum and mean tem-

perature 
41.262222 16.031389 126 CBC 

Foggia_Borrelli B13 
daily maximum, mini-
mum and mean tem-

perature 
41.591667 15.705556 21 CBC 

Foggia_GALLI B7 
daily maximum, mini-
mum and mean tem-

perature 
41.473056 15.790556 36 CBC 

Lesina_Bevere B6 
daily maximum, mini-
mum and mean tem-

perature 
41.871389 15.663611 13 CBC 

Lucera_Digiovine B4 
daily maximum, mini-
mum and mean tem-

perature 
41.547778 15.783056 102 CBC 

Stornara_Ortodaunia B2 
daily maximum, mini-
mum and mean tem-

perature 
41.297500 15.933889 101 CBC 

Torremaggiore_Diianni B12 
daily maximum, mini-
mum and mean tem-

perature 
41.681389 15.755556 110 CBC 

Trinitapoli_Degno B1 
daily maximum, mini-
mum and mean tem-

perature 
41.319722 16.463333 17 CBC 

Biccari Idro14 
monthly minimum 
and maximum tem-

perature 
41.393028 15.190833 449 RP-SI 

Faeto Idro45 
monthly minimum 
and maximum tem-

perature 
41.323083 15.164028 905 RP-SI 

FoggiaOSS Idro51 
monthly minimum 
and maximum tem-

perature 
41.461750 15.543528 74 RP-SI 

Lucera Idro71 
monthly minimum 
and maximum tem-

perature 
41.514417 15.334028 251 RP-SI 

SanSevero Idro12
0 

monthly minimum 
and maximum tem-

perature 
41.693806 15.384667 87 RP-SI 

Troia Idro14
9 

monthly minimum 
and maximum tem-

perature 
41.362472 15.310417 439 RP-SI 
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People involved in standardisation and calibration tasks concluded from the comparison 
of many different instrumental characteristic of the thermometers available on the mar-
ket (Doiron and Stoup, 1997) that the air temperature measurement has a standard de-
viation or variability of about 0.015 °C. 

In particular, the attributes considered are: 
• Temperature air daily maximum; 

• Temperature air daily mean; 

• Temperature air daily minimum; 

• Temperature air monthly maximum; 

• Temperature air monthly minimum. 

The maximum and minimum values of the air temperature are instantaneous values, so 
they can be considered affected by the same uncertainty stated above for the tempera-
ture instantaneous values. Regarding the probability distribution the Gaussian distribu-
tion centred on the observed value is chosen to describe the uncertainty with a standard 
deviation or variability of about 0.015 °C. 

The temperature mean value, on the contrary, is an aggregated value from a number of 
instantaneous observations, so it is possible to consider the registered mean temperature 
value as the centre of a Gaussian distribution. 

7.2.1.3 Relative Humidity  

General information scheme: 
• Type: meteorological variable 

• Unit of measure: %; 

• Number of stations: 13 (2 stations of Regione Puglia – Servizio Idrografico and 

11 stations of Consorzio per la Bonifica della Capitanata); 

• Temporal resolution: minimum, maximum and mean daily for CBC network; 

only mean daily for Idrografico network; 

• Period of time series: from 01/01/1997 to 31/12/1999 for the Idrografico net-

work and from September 1997 to March 2000 for the Consorzio Bonifica Capi-

tanata network; 

• Data Media: point vector layer for spatial data; table for the attribute. 
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• Data Provider: Regione Puglia - Assessorato ai Lavori Pubblici – Ufficio 

Difesa del Suolo – Servizio Idrografico; Consorzio per la Bonifica della 

Capitanata. • Uncertainty Code: D1 (numerical continuous; varies both in space and time); 

• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

Sensor information  

No data available. 

Table 7-8: Relative humidity stations site coordinates (CBC = Consorzio di Bonifica 
della Capitanata; RP-SI = Regione Puglia Servizio Idrografico). 

Station Name ID Latitude 
(dg) 

Longitude 
(dg) 

Elevation 
(m a.s.l.) Data Provider

Apricena_CEARS B5 41.767500 15.838889 55 CBC 
Candela_DiStefano B3 41.107778 15.715833 207 CBC 

Castelnuovodaunia_vannelli B9 41.610278 15.538889 177 CBC 
Cerignola_torricelli B8 41.262222 16.031389 126 CBC 

Foggia_Borrelli B13 41.591667 15.705556 21 CBC 
Foggia_GALLI B7 41.473056 15.790556 36 CBC 
Lesina_Bevere B6 41.871389 15.663611 13 CBC 

Lucera_Digiovine B4 41.547778 15.783056 102 CBC 
Stornara_Ortodaunia B2 41.297500 15.933889 101 CBC 

Torremaggiore_Diianni B12 41.681389 15.755556 110 CBC 
Trinitapoli_Degno B1 41.319722 16.463333 17 CBC 

Biccari Idro14 41.393028 15.190833 449 RP-SI 
FoggiaIAC Idro50 41.453000 15.515222 74 RP-SI 

 

 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-28

Figure 7-17: Relative humidity stations site location. 

 

The relative humidity uncertainty, in case of direct measuring, is considered depending 
on the instrumental accuracy/precision. In literature, it is possible to find an estimation 
of the average uncertainty (accuracy) associated to the instantaneous relative humidity 
by comparing a number of hygrometers. 

It appears, after such a comparison, that a reliable standard value for the uncertainty 
(standard deviation) associated to the concerning variable is about the 3% (Doiron and 
Stoup, 1997). 

In particular the attributes considered are: 
• Humidity relative daily maximum; 

• Humidity relative daily mean; 

• Humidity relative daily minimum. 

Regarding the maximum and minimum values of the humidity relative daily, they are 
instantaneous values, so they inherit the uncertainty stated above for the instantaneous 
relative humity values. The pdf describing the uncertainty can be considered gaussian 
with the observed value as central value and standard deviation equal to the 3% the ob-
served value. 

The mean value of the relative humidity is an aggregated value from the instantaneous 
ones, it can be considered that the uncertainty distribution follows the gaussian distribu-
tion with the registrered mean value as central value of the concerning distribution. 

7.2.1.4 Wind speed and direction  

General information scheme: 
• Type: meteorological variable 

• Unit of measure: Kilometers per hour (Km/h) for wind speed; degrees for wind 

direction; 

• Number of stations: 11 stations of Consorzio per la Bonifica della Capitanata; 

• Temporal resolution: daily; 

• Period of time series: from September 1997 to March 2000; 

• Data Media: point vector layer for spatial data; table for the attribute. 

• Data Provider: Consorzio per la Bonifica della Capitanata. 

• Uncertainty Code: D1 for both wind speed and wind direction; 
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• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

 

Wind speed Sensor information: 
• Sensor type: Robinson 3 cup-anemometer; 

• Sensor range: 0,2 - 50 m/sec; 

• Acquisition time: 2 sec; 

• Instrument precision: ± 0,5 m/sec until 15 m/sec; ± 10% over 15 m/sec; 

• Linearity: ± 0,5 m/sec; 

• Sensitivity: 0,3 m/sec; 

 

Wind direction Sensor information: 
• Sensor type: wind vane with vertical rotation axis; 

• Sensor range: 0° - 360°; 

• Acquisition time: 2 sec; 

• Instrument precision: ± 3°; 

• Linearity: ± 3°; 

• Sensitivity: 0,3 m/sec; 

Table 7-9: Wind speed and direction stations site coordinates. 
Station Name ID Latitude  

(dg) 
Longitude  

(dg) 
Elevation  
(m a.s.l.) 

Data Provider

Apricena_CEARS B5 41.767500 15.838889 55 CBC 
Candela_DiStefano B3 41.107778 15.715833 207 CBC 

Castelnuovodaunia_vannelli B9 41.610278 15.538889 177 CBC 
Cerignola_torricelli B8 41.262222 16.031389 126 CBC 

Foggia_Borrelli B13 41.591667 15.705556 21 CBC 
Foggia_GALLI B7 41.473056 15.790556 36 CBC 
Lesina_Bevere B6 41.871389 15.663611 13 CBC 

Lucera_Digiovine B4 41.547778 15.783056 102 CBC 
Stornara_Ortodaunia B2 41.297500 15.933889 101 CBC 

Torremaggiore_Diianni B12 41.681389 15.755556 110 CBC 
Trinitapoli_Degno B1 41.319722 16.463333 17 CBC 
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Figure 7-18:  Wind speed and direction stations site location. 

 

The mean error associated to the wind speed attribute is, in average, ± 5% the observed 
measurement. So, to describe the uncertainty associated to the attribute it will be con-
sidered a gaussian distribution centred in the observed value with a variance coherent 
with the error value. 

In the case of the wind direction a value the error associated to the attribute is, in aver-
age, ± 3° 

Consequently, to describe the uncertainty associated to the attribute it will be consid-
ered a gaussian distribution centred in the observed value with a variance coherent with 
the range error value. 

7.2.1.5 Atmospheric pressure 

General information scheme: 
• Type: meteorological variable 

• Unit of measure: mm Hg; 

• Number of stations: 1 station of Servizio Idrografico network; 

• Temporal resolution: daily; 

• Period of time series: from 01/01/1997 to 31/12/1999; 

• Data Media: table. 
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• Data Provider: Regione Puglia - Assessorato ai Lavori Pubblici – Ufficio 

Difesa del Suolo – Servizio Idrografico. 

• Uncertainty Code: D1; 

• WFD Guidance Parameter: no; 

• National Monitoring Parameter: no; 

Sensor information: 

Sensor type: digital barometer with a microprocessor; 

 

Table 7-10: Pressure Atmospheric stations site coordinates. 
Station Name ID Latitude  

(dg) 
Longitude  

(dg) 
Elevation  
(m a.s.l.) 

Data Provider

Biccari Idro14 41.393028 15.190833 449 RP-SI 

 

 

Figure 7-19: Wind speed and direction stations site location. 

7.2.1.6 Solar radiation 

General information scheme: 
• Type: meteorological variable 

• Unit of measure: daily calories per cm2 (cal/cmq/g); 
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• Number of stations: 11 stations of Consorzio per la Bonifica della Capitanata; 

• Temporal resolution: daily; 

• Period of time series: from September 1997 to March 2000; 

• Data Media: point vector layer for spatial data; table for the attribute. 

• Data Provider: Consorzio per la Bonifica della Capitanata. 

• Uncertainty Code: D1; 

• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

 

Sensor information: 
• Sensor type: Thermopile; 

Table 7-11: Solar radiation mean stations site coordinates. 
Station Name ID Latitude  

(dg) 
Longitude  

(dg) 
Elevation  
(m a.s.l.) 

Data Provider

Apricena_CEARS B5 41.767500 15.838889 55 CBC 
Candela_DiStefano B3 41.107778 15.715833 207 CBC 

Castelnuovodaunia_vannelli B9 41.610278 15.538889 177 CBC 
Cerignola_torricelli B8 41.262222 16.031389 126 CBC 

Foggia_Borrelli B13 41.591667 15.705556 21 CBC 
Foggia_GALLI B7 41.473056 15.790556 36 CBC 
Lesina_Bevere B6 41.871389 15.663611 13 CBC 

Lucera_Digiovine B4 41.547778 15.783056 102 CBC 
Stornara_Ortodaunia B2 41.297500 15.933889 101 CBC 

Torremaggiore_Diianni B12 41.681389 15.755556 110 CBC 
Trinitapoli_Degno B1 41.319722 16.463333 17 CBC 
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Figure 7-20: Solar radiation stations site location. 

The distribution is gaussian centred in the registered value, the measured value has gen-
erally an accuracy of the 4%. 

7.2.1.7 Evaporation potential 

General information scheme: 
• Type: meteorological variable 

• Unit of measure: mm; 

• Number of stations: 11 stations of Consorzio per la Bonifica della Capitanata; 

• Temporal resolution: daily; 

• Period of time series: from September 1997 to March 2000; 

• Data Media: point vector layer for spatial data; table for the attribute. 

• Data Provider: Consorzio per la Bonifica della Capitanata. 

• Uncertainty Code: D1; 

• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

 

Evaporation potential information: 
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• Sensor type: evaporimeter; 

• Sensor range: 0 - 150mm; 

• Acquisition time: 1 minute; 

• Instrument precision: ± 0,2mm; 

Table 7-12: Evaporation potential mean stations site coordinates. 
Station Name ID Latitude  

(dg) 
Longitude  

(dg) 
Elevation  
(m a.s.l.) 

Data Provider

Apricena_CEARS B5 41.767500 15.838889 55 CBC 
Candela_DiStefano B3 41.107778 15.715833 207 CBC 

Castelnuovodaunia_vannelli B9 41.610278 15.538889 177 CBC 
Cerignola_torricelli B8 41.262222 16.031389 126 CBC 

Foggia_Borrelli B13 41.591667 15.705556 21 CBC 
Foggia_GALLI B7 41.473056 15.790556 36 CBC 
Lesina_Bevere B6 41.871389 15.663611 13 CBC 

Lucera_Digiovine B4 41.547778 15.783056 102 CBC 
Stornara_Ortodaunia B2 41.297500 15.933889 101 CBC 

Torremaggiore_Diianni B12 41.681389 15.755556 110 CBC 
Trinitapoli_Degno B1 41.319722 16.463333 17 CBC 

 

 

Figure 7-21: Evaporation stations site location. 

The distribution is gaussian centred in the registered value with a standard deviation of 
10%. 
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Variable 
Measurement – 
Space support 

Measurement –
Time support 

Upscaled 
time support

Uncer-
tainty cate-

gory 

Type of empiri-
cal uncertainty 

Methodologi-
cal 

quality 

Longev-
ity 

Pdf 
type

Pdf parame-
ters (dev. std)

Variogram / correlo-
gram (Type, length 

scale) 

Precipitation 400 cm2 1 day 1 day D1 M1 I3, S4, O3 L2 N 2% NA 

Air tempera-
ture 10 cm2 1 day 1 month D1 M1 I3, S4, O3 L2 N 0.015° NA 

Relative hu-
midity 10 cm2 1 day 1 day D1 M1 I3, S4, O3 L2 N  3% NA 

Pot. Evap. 10 cm2 1 day 1 day D1 M1 I3, S4, O3 L2 N 10% NA 

Solar radiation 1 dm2 1 day 1 day D1 M1 I3, S4, O3 L2 N 4% NA 

Wind speed 1 dm2 1 day 1 day D1 M1 I3, S4, O3 L2 N 5% NA 

Wind direction 30 cm2 1 day 1 day D1 M1 I3, S4, O3 L2 N 3° NA 

Atmospheric 
pressure 10 cm2 1 day 1 day D1 M1 I3, S4, O3 L2 N 0.127 NA 
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7.2.2 River discharge 

7.2.2.1 Daily mean flow 

General information 
• Type: hydrological variable 

• Unit of measure: m3/sec; 

• Number of stations: 9; 

• Temporal resolution: daily; 

• Period of time series: from 1956 to 1995; 

• Data Media: point vector layer for spatial data; table for the attribute; 

• Data Provider: Regione Puglia - Ufficio Idrografico; 

• Uncertainty Code: D1 (numerical continuous; varies in time and space); 

• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

Sensor information 
• Type: mechanic hydrometer; 

• Data recording: the value recorded corresponds to daily mean flow. 
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Figure 7-22:  River flow gauge. 

 

Table 7-13: Hydrometric stations site coordinates. 
Site 
Cod

e  
Station Name Latitude 

(dg) 
Longitude 

(dg) 
Elevation 
(m a.s.l.) 

0 Candelaro a ponte 13 luci 41.568000 15.746930 10 
1 Celone a ponte S.Vincenzo 41.403389 15.364694 193 
4 Torrente Vulgano a ponte Troia 41.448333 15.333722 173 
8 Torrente Triolo a ponte Lucera 41.554194 15.315472 114 
9 S.Maria a ponte Lucera 41.62676 15.298840 85 
7 Torrente Salsola a ponte Foggia 41.563639 15.500250 142 
6 Casanova a ponte Lucera 41.495639 15.255611 178 
5 Torrente Salsola a Casanova 41.480667 15.264639 185 
3 Celone ponte Foggia 41.492389 15.522472 63 
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Figure 7-23: Hydrometric stations site location. 

The uncertainty associated to the instantaneous flow measurements depends on the cor-
rect periodic calibration of the hydrometer. Unfortunately, the information about the 
management of the measurement device is unknown, so it is supposed that it is correctly 
performed. Therefore, the uncertainty can be ascribed to the instrumental precision that, 
from the expert judgement, is stated in about 10% the observed value. In this case, a 
Gaussian distribution centred in the observed value coherent with the indicated uncer-
tainty was considered. 

7.2.2.2 River quality data 

Overall view: Metadata information are not available 

The 6 water river quality monitoring stations form, in effect, two separate small moni-
toring networks with different goals. The first 3 stations appearing in Table 7-7 control 
the water river quality to verify if the ecological conditions for the fish life safeguard 
are respected following the italian D.L.G. 152/99. The last 3 stations present in Table 
7-7 form the second monitoring network which is devoted mainly to the control of the 
Candelaro river water quality in according with the previously cited italian law. This is 
the reason why the parameters measured by the two networks are slightly different as it 
is detailed in Table 7-8 and Table 7-9. 

Concentration data was stored (period 2002 - 2003) for the following parameters: 
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Table 7-14: River quality sample site coordinates. 
Site 
Cod

e 
Site Name River Name Latitude 

(dg) 
Longitude 

(dg)

1 Ponte SS 89 Km 183+500(Agro Manfr.) T. Candelaro 15.74607 41.56775
2 Ponte SS 16 (FG 10) T. Celone 15.52403 41.49858
3 Ponte SS 16 Km 662(FG 9) T. Salsola 15.50094 41.56477
4 P.te Villanova (st. 9) T. Candelaro 15.58844 41.65871
5 S. S.16 ter Bonifica 24 (st. 8) T. Candelaro 15.70538 41.60034
6 Str. S. Matteo-Posa Nuova (St. 10) T. Candelaro 15.46568 41.72515

 

 
Figure 7-24: River quality sample site location. 

At the 3 first monitoring sites of the Table 7-7 the chemical parameters were measured 
showed in Table 7-8 with the uncertainty parameters obtained by the Analytical Meth-
ods volumes.In cited texts, the uncertainty is expressed mainly by the percentual varia-
tion coefficient (CV%), as the ratio between the standard deviation and the arithmetic 
mean multiplied 100 and the accuracy. 

% *100CV σ
μ

=  

All the pdf describing the uncertainty associated to the listed compound are gaussian 

centred in the observed value with a standard deviation obtained as 
% *

100
CV xσ =  as 

stated by EURACHEM / CITAC Guide CG 4 (Quantifying Uncertainty in Analytical 
Measurement Second Edition). 
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Table 7-15: River quality sample site coordinates. 

Compound 
Attribute code (Dictionary: 

PHCH) 
CV% Bias 

Temperature water 041443 NA 0.5° 
Oxygen_(Dissolved) 041214 5% NA 

pH 041272 NA 0.01 
Suspended Solids 041786 33% NA 

BOD5 040527 5% NA 
Phosphorus 041296 <6% NA 

Nitrites_(Dissolved) 041150 1.5% - 5% 2% - 5% 
Ammonia 040413 1,5% - 3% 10% - 15% 
Chlorine 040637 20% - 28% 16% 

Detergents anionic synthetic 040766 7% - 9%. NA 
Ammonium_(Dissolved) 040418 5% NA 
Cadmium_(Dissolved) 040554 1,1% - 9,3% 2% - 7%. 
Chromate_(Dissolved) 040674 10% 10% 
Mercury (Dissolved) 041387 21% 2,4% 
Nickel_(Dissolved) 041145 0,8% - 9% <1% 
Lead_(Dissolved) 040996 3,1% - 10% 1% - 10% 

copper_(Dissolved) 040710 3,1% - 10% 1% - 10%. 
Zinc (Dissolved) 041570 0,9% - 3,1% 1% - 3%. 

Arsenic (Dissolved) 040440 <10% NA 
Hardness total 040913 2,0% NA 

Chloride_(Inorganic Dis-
solved) 040626 

4% 2% 

 

At the 3 last monitoring sites of the Table 7-7 the following chemical parameters were 
measured: 

 
Compound Attribute code (Dictionary: 

PHCH) 
CV% Bias 

Dissolved ammonium 040418 5% NA 

Dissolved cadmium 040554 1,1% - 9,3% 2% - 7%. 

Dissolved chromate 040674 10% 10% 

Dissolved copper 040710 3,1% - 10% 1% - 10%. 

Dissolved lead 040996 3,1% - 10% 1% - 10% 

Dissolved mercury 041387 21% 2,4% 

Dissolved nickel 041145 0,8% - 9% <1% 

Dissolved zinc 041570 0,9% - 3,1% 1% - 3%. 

Alcalinity 040388 0,2% - 10% NA 

Conductivity 040706 0,1% - 1% NA 

Suspended Solids 041786 33% NA 

Water temperature 041443 NA 0.5° 

BOD5 040527 5% NA 

COD 040704 <15% 12% 

Phosphorus 041296 <6% NA 

Chloride_(Inorganic Dissolved) 040626 4% 2% 
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Compound Attribute code (Dictionary: 
PHCH) 

CV% Bias 

Nitrites_(Dissolved) 041150 1.5% - 5% 2% - 5% 

Oxygen_(Dissolved) 041214 5% NA 

Total Nitrogen 041708 6% NA 

It is possible to consider all together the physical-chemical attributes loaded into the 
HarmoniRiB database because they are all instantaneous measurements made by well 
known analytical procedures. 

In general, the analytical measurements are considered affected, in average, by an error 
of 3- 5%.I think this is very low for e.g. BOD.  

For these attributes a Gaussian distribution will be considered having a centre at the 
0.96 times the observed value. Interesting, so this is bias! 

7.2.3 Groundwater quality data 

Overall view 

General information 
• Type: physical-chemical variables; 

• Unit of measure:pH unit - µS/cm - ppm - °C; 

• Number of stations (wells): 37; for each well a water sample has been extracted 

and analysed in laboratory. 

• Period of time series: from January to February 2003; 

• Data Media: table; 

• Data Provider: IRSA; 

• Uncertainty Code: D1; 

• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

Sensor information 
• Sensor type: (multiparametrical probe) portable pH/EC/TDS/Temperature me-

ter; 

• Sensor range: 0 – 14.00 (pH); 

• Sensor range: 0 – 3999 µS/cm (EC); 

• Sensor range: 0 – 2000 ppm (TDS); 
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• Sensor range: 0 – 60.00 °C (Temp.); 

• Sensor resolution: 0.01 (pH); 

• Sensor resolution: 1 µS/cm (EC); 

• Sensor resolution: 1 ppm (TDS); 

• Sensor resolution: 0.1 °C (Temp.); 

• Sensor accuracy: 0.01 (pH); 

• Sensor accuracy: 2% (EC/TDS); 

• Sensor accuracy: 0.5 °C (Temp.). 

Wells.shp is a point vector layer representing 37 wells located in Candelaro Basin plus 
3 extra basin wells. 

Apart the istantaneous measures carried out by means of the multiparametrical probe, 
water samples were extracted by the wells to accomplish the measure in laboratory of 
other quality parameters: Cl, Mn, Fe, NO3, SO4, NH4.  

 

Compound Attribute code (Dictionary: 
PHCH) 

Chloride_(Inorganic Dis-
solved) 040626 

Manganese_(Dissolved) 041027 
Iron_(Dissolved) 040970 

Nitrate_ion_(Dissolved) 041151 
Sulfate_(Dissolved) 041417 

Ammonium_(Dissolved) 040419 

General information scheme: 
• Type: quality standard parameter 

• Unit of measure: quality classes; 

• Number of stations (wells): 37; for each well a water sample has been extracted 

and analysed in laboratory. 

• Period of time series: from January to February 2003; 

• Data Media: table; 

• Data Provider: IRSA; 

• Uncertainty Code: D1; 
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• WFD Guidance Parameter: yes; 

• National Monitoring Parameter: yes; 

Table 7-16:  Groundwater quality sample site coordinates. 
Site 
Cod

e 
Longitude (deg) Latitude (deg) Elevation (m a.s.l.) 

A1 15.2133 41.8158 24.8 
A2 15.2917 41.8031 141.0 
A3 15.2628 41.7867 134.9 
A4 15.4239 41.7681 60.6 
A5 15.4342 41.7533 48.3 
A6 15.3686 41.7356 64.0 
A7 15.3611 41.7111 61.2 
A8 15.4183 41.7078 49.0 
A9 15.4414 41.7056 44.8 

A10 15.2661 41.7039 171.8 
A11 15.5217 41.6844 25.2 
A12 15.4000 41.6911 79.7 
A13 15.5083 41.6828 33.5 
A14 15.4642 41.6811 46.1 
A15 15.2950 41.6728 108.9 
A16 15.4881 41.6681 36.3 
A17 15.3564 41.6603 79.5 
A18 15.3086 41.6403 83.5 
A19 15.4225 41.6328 58.4 
A20 15.5717 41.6283 33.5 
A21 15.5853 41.6228 30.7 
A22 15.3211 41.6161 130.1 
A23 15.3550 41.6075 68.9 
A24 15.4044 41.5919 58.1 
A25 15.6933 41.5819 25.7 
A26 15.5533 41.5733 32.6 
A27 15.3542 41.5622 111.9 
A28 15.6661 41.5506 50.4 
A29 15.4053 41.5467 71.3 
A30 15.6231 41.5386 45.1 
A31 15.4094 41.5381 87.2 
A32 15.6503 41.5378 41.4 
A33 15.4686 41.5339 56.6 
A34 15.7447 41.5339 40.6 
A35 15.3697 41.5256 120.3 
A36 15.5333 41.5242 49.0 
A37 15.5014 41.5106 61.0 
A38 15.8078 41.5039 7.8 
A39 15.3636 41.4692 150.5 
A40 15.4628 41.4689 96.2 
A41 15.6364 41.4644 42.9 
A42 15.5953 41.4594 55.1 
A43 15.4917 41.4469 98.8 
A44 15.5597 41.4189 72.1 
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Site 
Cod

e 
Longitude (deg) Latitude (deg) Elevation (m a.s.l.) 

A45 15.5178 41.3833 125.4 
A46 15.4569 41.3764 187.2 
A47 15.5133 41.3489 168.9 
A48 15.5411 41.3372 123.2 

 

 
Figure 7-25: Groundwater quality sample site location. 

7.2.4  Topographical variables 

7.2.4.1 Digital Elevation Model (DEM) 

General information scheme 
• Type: topographical variable 

• Unit of measure: elevations are in meters referenced to the WGS84 EGM96 

geoid; 
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• Data Media: raster image;  

• Data Provider: National Aeronautics and Space Administration (NASA) in col-

laboration with the National Imagery and Mapping Agency (NIMA), the Ger-

man space agency (DLR) and Italian space agency (ASI); 

• Spatial resolution: Sample spacing is 1 arc-second that corresponds to roughly 

30 meters in horizontal extent at the equator; each raster tile contains a mosaic 

of elevations generated by averaging all data takes that fall within that tile (that 

range from a minimum of one up to as many as ten or more). Since the primary 

error source in synthetic aperture radar (SAR) data is speckle, which has the 

characteristics of random noise, combining data through averaging reduces the 

error by the square root of the number of data takes used. Then 3 arc-second 

data are generated in each case by 3x3 averaging of the 1 arc-second data – thus 

9 samples are combined in each 3 arc-second data point. Since the primary error 

source in the elevation data has the characteristics of random noise this reduces 

that error by roughly a factor of three. In conclusion, spatial resolution is 

roughly 70 x 90 for our study area. 

• Uncertainty Code: C1 (numerical continuous; varies in space, not in time); 

• WFD Guidance Parameter: no; 

• National Monitoring Parameter: no; 

Determination modalities 

The Shuttle Radar Topography Mission (SRTM) data products result from a collabora-
tive mission by the National Aeronautics and Space Administration (NASA), the Na-
tional Imagery and Mapping Agency (NIMA), the German space agency (DLR) and 
Italian space agency (ASI), to generate a near-global digital elevation model (DEM) of 
the Earth using radar interferometry. 

7.3 References 

Doiron, T, and Stoup, J. (1997), Uncertainty and dimensional calibration, Journal of Re-
search of the National Institute of Standards and Technology 102, 647. 

Drecourt J.-P., Madsen H. (2002), Uncertainty estimation in groundwater modelling us-
ing Kalman filtering; ModelCARE 2002, Proceedings of the 4th International Confer-
ence on Calibration and Reliability in Groundwater Modelling, Prague, Czech Republic 
(Eds. K. Kovar and Z. Hrkal), Acta Universitatis Carolinae - Geologica 2002, 46(2/3), 
306-309; 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-46

Maggiore M., Masciale R., Passarella G., Vurro M. (2005). A preliminary assessment of 
the groundwater environmental state in the shallow aquifer of the Tavoliere di Puglia 
(southern Italy). Proceedings 3rd Symposium “Quality and Management of Water Re-
sources”. St.Petersburg, Russia, June 16 -18, 2005, 146-156. 

Portoghese, I., Uricchio, V., Vurro M. (2005). A GIS tool for hydrogeological water 
balance evaluation on a regional scale in semi-arid environments, Computers & Geo-
sciences, Vol. 31 n. 1, 2005. pp. 15-27. 

Sevruk, B., and Nespor V. (1998). Empirical and theoretical assessment of the wind in-
duced error of rain measurement, Water Sci. Tech. Vol. 37, No. 11, pp. 171-178. 

Vejen, F. Allerup, P., and Madsen, H. (1998). ”Korrection for fejlkilder af daglige ned-
børmålinger i Danmark,” Technical Report 98-9, Danish Meteorological Institute, (In 
danish); 

Rubel F., Hantel M. (1999). Correction of daily gauge measurements in the Baltic sea 
drainage basin, Nordic Hydrology, 30:191 – 208; 

ANPA (1999). Le principali metodiche di campionamento ed analisi del particellato in 
sospensione in ambienti acquatici, Rassegna bibliografica, Serie Documenti 9/1999, 
ISBN 88-448-0019-5, 140p. 

APHA, AWWA, WEF (1998). Standard Methods far the Examination of Water and 
Wastewater, XX Ed. (Washington, APHA). 

Barbizzi S., De Zorzi P., Galas C. (2002). Metrologia e conduzione del campionamento 
ambientale, Tutto Misure, Augusta-Edizioni Mortarino, n. 01, anno IV. 

Baudo R. (1990). Sediment sampling, mapping, and data analysis, in R. Baudo, J. Giesy 
and H. Muntau (Eds), Sediments: Chemistry and toxicity of in-place pollutants, Lewis 
Publisher, Inc., Chelsea, Michigan, 15-60. 

Benoliel M.J. (1994). Sample storage for inorganic compounds in surface waters – a re-
view, Inter. J. Environ. Anal. Chem., 57, 197-206. 

Benoliel M.J. (1994). Preservation techniques for analysis of organic compounds in wa-
ter samples – a review, Inter. J. Environ. Anal. Chem., 57, 231-236. 

Canter L.W., Knox R.C. & Fairchild D.M. (1987). Ground water quality protection, 
Lewis Publisher, Inc., Chelsea, Michigan, 562 pp. 

EURACHEM/CITAC Guide (2000). Quantifying Uncertainty in Analytical Measure-
ment, Laboratory of Government Chemist, London, April. 

Galas C., Sansone U. & Belli M. (2002). Intercomparison of freshwater and suspended 
particles sampling methodologies used in environmental radioactivity monitoring, Final 
Report 

1999-2001, European Commission Contract n° 99/70549, ISBN 88-448-0045-4, ANPA, 
Serie Rapporti 13/2002, 113p. 

ISO 5667-4 (1987). Guidance on sampling from lakes, natural and man made. 



HarmoniRiB June 2006 HarmoniRiB River Basin Data Report 

 

Barca et al., Candelaro River Catchment Data Report  7-47

Kieth L.H. (1996). Principles of Environmental Sampling, ASC Professional Reference, 
American Chemical Society, Washington DC. 

Kraica J.M. (1989). Water sampling, J. Wiley and Sons, New York, 212 pp. 

Myers J.C. (1997). Geostatistical Error Management – Quantifying Uncertainty for En-
vironmental Sampling and Mapping, International Thomson Publishing Company, 
USA. 

Ramsey M.H. (1998). Sampling as a source of measurement uncertainty: techniques for 
quantification and comparison with analytical sources, J. Anal. Atom. Spectrom., 13, 
97-104. 

Montanari M. & Cavolo F. (1998). Adhesion of water-borne particulates on freshwater 
biota, Sci.Total Environ., 219, 21-28. 

UNI EN 25667-1 (1996). Guida alla definizione di programmi di campionamento, 
Milano. 

UNI EN 25667-2 (1996). Qualità dell’acqua Campionamento, Guida alla definizione di 
programmi di campionamento. 

UNI EN ISO 5667-3 (1998). Qualità dell’acqua Campionamento, Guida per la 
conservazione ed il maneggiamento di campioni. 

WAGNER G. (1995). Basic approaches and methods for quality assurance and quality 
control in sample collection and storage for environmental monitoring, Sci. Total Envi-
ron. 176, 63-71. 

WORLD HEALTH ORGANIZATION (1982). Design of sampling systems, Manual on 
Analysis for Water Pollution Control, Ginevra. 

 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  8-1

 

Contents 

 
8 Vecht River Catchment Data report ...................................................................... 8-3 

8.1 Background.................................................................................................... 8-3 

8.1.1 Geographical description....................................................................... 8-3 

8.1.1.1 General characteristics....................................................................... 8-3 

8.1.1.2 Catchment history.............................................................................. 8-6 

8.1.1.3 Surface water ..................................................................................... 8-7 

8.1.1.4 Groundwater ...................................................................................... 8-8 

8.1.2 Environmental situation......................................................................... 8-9 

8.1.2.1 General .............................................................................................. 8-9 

8.1.2.2 Environmental situation and WFD.................................................. 8-12 

8.1.3 1.3 Socio economical overview........................................................... 8-13 

8.1.3.1 General ............................................................................................ 8-13 

8.1.3.2 Responsible authorities.................................................................... 8-13 

8.1.3.3 Socio-economic characteristics Rhine-East (only the Netherlands)8-14 

8.1.4 Previous studies ................................................................................... 8-16 

8.2 Metadata, data and associated uncertainties................................................ 8-17 

8.2.1 Meteorological data ............................................................................. 8-17 

8.2.2 Hydrological data ................................................................................... 22 

8.2.2.1 Data type: Water levels ...................................................................... 22 

8.2.2.2 Data type: Wave height ...................................................................... 23 

8.2.2.3 Data type: Discharge, velocity, depth and width................................ 24 

8.2.2.4 Data type: storage capacity of detailed surface water system ............ 24 

8.2.3 Geological data....................................................................................... 26 

8.2.3.1 Data type: Map land cover ................................................................. 26 

8.2.4 Soil data .................................................................................................. 27 

8.2.4.1 Data type: map soil types ................................................................... 27 

8.2.4.2 Data type: Map soil lower boundary conditions ................................ 28 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  8-2

8.2.4.3 Data type: P background concentration.............................................. 29 

8.2.4.4 Data type: Soil Fe/Al characteristics .................................................. 30 

8.2.4.5 Data type: denitrification parameters ................................................. 30 

8.2.4.6 More soil data ..................................................................................... 31 

8.2.5 Physical- chemical data .......................................................................... 33 

8.2.5.1 Data type: physical- chemical data..................................................... 33 

8.2.6 Biological data........................................................................................ 36 

8.2.6.1 Data type: Biological .......................................................................... 36 

8.2.7 Economical data ..................................................................................... 37 

8.2.7.1 Data type: population and population density for the province 
Overijssel, the Netherlands................................................................................. 37 

8.2.7.2 Data type: WWTP .............................................................................. 38 

8.2.7.3 More economical data ........................................................................ 38 

8.2.7.4 Data type: historical slurry/ fertiliser surplus/ landuse....................... 39 

8.2.8 System characteristics ............................................................................ 41 

8.2.8.1 Data type: Rhine-East catchment, 3 polygons.................................... 41 

8.2.8.2 Data type: waterboards in Vecht catchment, 4 polygons ................... 41 

8.2.8.3 Metadata ............................................................................................. 42 

8.2.8.4 Data type: polygon of Vecht catchment ............................................. 42 

8.2.8.5 Metadata ............................................................................................. 42 

8.2.8.6 Data type: polygons of 2 provinces in Vecht catchement .................. 43 

8.2.8.7 Metadata ............................................................................................. 43 

8.2.9 Method ID codes .................................................................................... 43 

8.3 Appendix 1: Overview PHCH data limnological database ............................ 44 

8.4 Appendix 2: Classifications in Donar............................................................. 50 

8.4.1 Classifications in Donar ......................................................................... 50 

8.4.2 Classifications in Limnological database: biological data ..................... 50 

 

 

 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  8-3

 

8 VECHT RIVER CATCHMENT DATA REPORT 

Rianne M. Bijlsma & Michiel W. Blind 

(RIZA) 

8.1 Background 

8.1.1 Geographical description 

8.1.1.1 General characteristics 

The river Vecht is a middle size rain river, situated in the Netherlands and Germany. Its 
approximate length is 167 km. The river originates in Germany in the state of Nordr-
hein- Westfalen, continues its flow in the state of Niedersachsen and enters Dutch 
ground after approximately 100 km. Here it continues its flow through the Dutch prov-
inces Overijssel and Drenthe and ends in the lake called Zwarte Water which flows into 
lake IJssel, situated in the central North of the Netherlands [6]. The total catchment area 
is 3780 km2 of which 1980 km2 is situated in the Netherlands. The Vecht catchment is 
part of the Rhine catchment. Figure 8-1 shows some important watercourses in the 
catchment. Important tributaries of the Vecht (1) are the Steinfurter Aa (2), Dinkel (3) 
and the Regge (4). 
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Figure 8-1: Important watercourses in the Vecht catchment [6] 

Figure 8-2 shows a linear profile of the Vecht and some of its tributaries. The strongest 
decline of the river takes place in Germany. When the Vecht enters The Netherlands it 
has already declined to 10 m above mean sea level. The elevation of the land in the 
catchment ranges from –3 m near the Zwarte Water to 167 m above mean sea level in 
the south (Figure 8-3).  
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Figure 8-2: Linear profile of the Vecht and some important tributaries [7] 

 

Figure 8-3: Elevation map of the Vecht catchment (source [5], year 2000) 

The yearly average temperature is 9°C and ranges from –22°C to 35°C (source: KNMI). 

Many characteristics of a river landscape can be recognised in the Vecht catchment. The 
river is situated at the southern border of the old river valley formed by landice (Dutch: 
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oerstroomdal). This old valley is filled with fluvioglacial and periglacial sand. Along 
the river old meanders and meander hills can be seen [6]. 

8.1.1.2 Catchment history 

The geological under soil has been formed by millions of years of sedimentation and 
erosion  by the sea, rivers, ice and wind. In the Tertiary, marine sediments have been 
deposited, consisting of fine sand and sea clay. These form the basis of the current 
groundwater system. The Vecht catchment obtained its current shape in the Pleistocene 
and Holocene (the two youngest era). During the Saline (the second last glacial period 
of the Pleistocene), land ice reached the catchment. In this period lateral moraines have 
been formed. The retrieving land ice has formed the river valley. In the last glacial pe-
riod, the land ice didn’t reach the catchment area. In this period, the area was a polar 
desert, where wind formed a surface layer of fine sand and loam. Locally, sand dunes 
have been formed. At the end of the last cold period, when the climate became warmer, 
vegetation came up. North of the river Vecht high moor peat was formed.  

Through the landscape, water sought its way from east to west. The river Vecht started 
as a braided river in a wide valley, but changed in the Holocene into a strong meander-
ing river in a small valley. The meandering river formed an abiotically strongly diversi-
fied zone in the landscape.  

From the 19th century onwards, man started to manipulate the river characteristics. 
Nowadays the river is strongly normalised for large parts of Germany and all of the 
Netherlands. Many meanders have been cut off, reducing the original river length in the 
Netherlands form 90 to 60 km. Large scale equalisation of the winter bed has been car-
ried out and endikement resulted in a large reduction of inundation areas (Sources: [6] 
and [8]).  

 

 

Figure 8-4: Pictures of a natural and normalized part of the river Vecht 

The above-described history of the catchment resulted in the characteristics, as they are 
present nowadays. The soil type in the catchment is mainly sand or loamy sand. In the 
northwest of the catchment some peat and clay soils are situated. North of the river, 
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where the former high moor peat was situated, peat and peaty sand can be found nowa-
days. Closer to the riverbed one can find depositions of clay and loam [4].  

The lateral moraines, formed in the Pleistocene are very characteristic for the catch-
ment. The historical processes also have formed some large lakes in the west of the 
catchment and some forests in the north.  

In Table 8-1 the soil type and land cover in terms of percentage for the total catchment 
are shown. Small differences can occur with respect to what is described in the text, be-
cause of round off due to schematization. The emphasis in land cover is somewhat dif-
ferent for the Dutch and German part. In the Dutch part, roughly half of the catchment 
exists of grassland. Furthermore, arable land, forest and urban area are evenly repre-
sented. The German part of the catchment is dominated by arable land, covering about 
half of the land. Other important land covers are grassland, forest and urban area (ap-
proximately 25%, 15% and 10% of the total land cover) [6].  

Table 8-1: Soil type and land cover for the Vecht catchment (source [5], year 2000) 

Catchment area 3780 km2 

Soils 16% peat 
 30% sand 
 54% loamy sand 
Land cover 41% arable land 
 35% grassland 
 12% forest and na-

ture 
 11% urban 
 1%  open water 

Land use in the southern Dutch part is predominantly intensive animal husbandry, with 
growing of grass and maize. In the northern Dutch part as well as in Germany there is 
more arable land, with mainly potato growing [4].  

8.1.1.3 Surface water 

The average yearly rainfall in the catchment is 730 mm and ranges from 550 mm in dry 
years to 1100 mm in wet years. 35-40% of the precipitation runs off, the rest evaporates 
or is taken up by vegetation [7]. The mean discharge at the mouth of the Vecht is 50 
m3/s.  At low water it is only 5 m3/s and under conditions of high water it is about 300 
m3/s [10]. This variation in discharge brings both flooding and drought problems. 
Figure 8-5 shows the entire surface water system in the Vecht.  
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Figure 8-5: The entire surface water system of the Vecht ( [5], year 2000) 

As already mentioned, the surface water characteristics are highly human- influenced. 
This applies both for the boundaries of the watercourses as for the water levels. The 
normalization of the river caused a large hydraulic gradient and a drop of the water lev-
els. Weirs have been created to stop this effect and manipulate the water levels in the 
river. To stimulate drainage on the peat soils, drainage pipes and ditches have been cre-
ated. Recently, policy has been introduced for some parts of the catchment, to undo this 
large human influence on the river and let the watercourses meander naturally again.  

8.1.1.4 Groundwater 

The main horizontal groundwater flow is from east to west, just as the surface water 
flow. The horizontal layers that are most permeable are formed in the Pleistocene 
(strongly permeable) and the Pliocene (moderately permeable). For the vertical 
groundwater flow, the catchment can roughly be divided into two areas. The peat soils 
north of the river Vecht and in the area North Twente are strongly impermeable. As a 
result, this area reacts quickly to precipitation and groundwater table is higher. The sand 
soils south of the Vecht are very permeable. Water infiltrates easily and groundwater 
table is lower [2]. The higher areas, as the lateral moraines, form in general the down-
ward seepage areas. In the lower area upward seepage is present. In the west of the 
catchment some polders are present. Here, artificial drainage is applied to keep the 
groundwater level below the land surface. In most other areas, groundwater levels are 
manipulated by the water manager as well, for the benefits of farming, urban areas or 
nature.  

Near the Vecht some water- collection areas are situated [6]: 
- Archemerberg (4 million m3/ year) 
- Brucht (4 million m3/ year) 
- Hardenberg (3 million m3/ year) 
- Vechterweerd (4 million m3/ year) 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  8-9

- Witharen (5 million m3/ year) 

8.1.2 Environmental situation 

8.1.2.1 General 

In the past, the river Vecht was severely and visibly polluted. For some decades now, 
water management has focused on resolving the pollution problem. This policy has been 
effective: events as massive fish mortality and foam on the water surface have almost 
ceased to happen. However, the environmental situation in the Vecht is still far from 
perfect.  

A thorough inventory of the environmental situation is made for the WFD. The Vecht 
catchment is (unfortunately) not a reporting catchment on its own for the WFD, but is 
included in Rhine-East reporting. As a result, most detailed and up-to-date information 
is present for the Rhine-East area rather then the Vecht area. However, since the Vecht 
covers roughly two third of the Rhine-East area, most data on Rhine-East level will be 
directly valid on Vecht level. Therefore, it is chosen to present information on Rhine-
East level in this paragraph. Most data are present for the Dutch part of the area, treat-
ing Germany as the upper boundary.  

The most important pollutants for the area are copper, zinc, nickel, phosphate and ni-
trate [2]. Figure 8-6 shows the status of the water system with respect to these pollutants 
for the year 2000. Furthermore, some pollution with pesticides and some priority 
chemicals as specified by the WFD are present in the system.  
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Figure 8-6: Exceeding of water quality standards in 2000 for the five most important 
pollutants of the Rhine-East area as compared to: Dutch NW4 standard (above) and 

preliminary EC standards (below) (norm = standard). Because the EC standards have 
not yet been determined, the Dutch environmental situation is currently tested against 
the NW4 standard. For this standard the VR (verwaarloosbaar risico) level is deter-
mined as the level with negligible effect on the environment and the MTR (maximaal 

accepteerbaar risico) level as the maximum acceptable risk level. [3] 

For the five important pollutants, the sources have been specified in Table 8-2. It can be 
seen that pollution of the system takes place in Germany as well as in the Netherlands. 
The most important sources for nitrogen are the diffuse sources, for phosphate the most 
important source is the effluent of the WWTP’s.  

Table 8-2: Overview of sources for the five important pollutants for Rhine-East [3]. 
Source Nitrogen  Phosphate  Copper  Nickel  Zinc  
 (ton/y) (%) (ton/y) (%) (ton/y) (%) (ton/y) (%) (ton/y) (%) 
WWTP 3.902 7 501 50 2.554 25 1.779 16 23.731 30 
Industry 35 0 5 1 223 2 17 0 197 0 
Diffuse 
sources 

13.066 23 216 22 2.680 26 1.372 12 28.765 36 

Germany 40.727 71 272 27 4.903 47 7.944 71 27.310 34 
Total 57.730 100 993 100 10.360 100 11.112 100 80.004 100 
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The pollutant sources and current policy to reduce the emission from these sources have 
been further specified in Table 8-3.  

Table 8-3: Specific emission sources and current policy for the reduction of the emis-
sion of the five important pollutants in Rhine-east [3]. 

Emission sector Emission source Current measures 
WWTP effluent Extra purification stage 
Overflow Deposition basins 

Basic effort commitment for 
50% reduction in pollution 

WWTP’s 

Rainwater drainage system Local treatment  

Dispersed buildings Individual wastewater treatment  
Corrosion steel constructions Replacement, coating 

Households 

Firework None 
Corrosion of buidings Replacement, coating House- building 
Corrosion of roofs utility build-
ings 

Replacement, coating 

Industry Industrial point sources Strengthening permit policy 
Leakage of motor oil Partitioning of parking places 

from water system 
Wear of road surface Improvement road surface, road 

water treatment 
Wear of tires Road water treatment 

Traffic 

Railways Replacement of wooden by con-
crete sleepers 

Engines Collection and drain off of en-
gine water 

Shipping traffic 

Antifouling coating Substitute antifouling coating 
Run off Buffer areas, active margin man-

agement 
Manuring directly into the water 
system 

Buffer areas, active margin man-
agement 

Run off from greenhouse farm-
ing 

Optimizing manure/ fertilizer 
utilization 

Agriculture 

Run off from rural area Reduction of phosphate concen-
tration in cattle feed, manure re-
moval from land, more accurate 
manuring 

Other Atmospheric deposition Reduction of largest atmospheric 
emission sources 

As a result of earlier pollution activities, the soil at the bottom of the watercourses con-
tains severe concentrations of pollutants. These concentrations will result in a subse-
quent delivery of pollutants to the surface water for the next few decades, since the 
concentration in the soil is in equilibrium with the concentration in the water. As a re-
sult, the effect of reduction of pollution sources only shows slowly. Dredging of the pol-
luted soil forms a faster solution, but it is only an end-of- pipe solution, it is expensive 
and a storage problem for polluted soil is introduced. Dredging is applied in some cases. 

Another way pollutants are introduced into the water system is by letting in external wa-
ter (from another water system) during periods of drought. In the Vecht area, water is 
let in from a.o. Lake IJssel. Water quality of inlet water differs and for this reason water 
inlet can have severe effects on local water quality and ecology. The water manager as-
sesses these effects and makes a comparison to the drought effect.  
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8.1.2.2 Environmental situation and WFD 

The target set for the water managers by the WFD is reaching good status in 2015. 
Good status consists of good chemical status and good ecological status. In the article 
five report of the WFD for Rhine-East, an overview of the status of the system with re-
spect to the WFD goals is given. A division is made between surface water and 
groundwater.  

8.1.2.2.1 Surface water 

The good chemical status of the surface water in Rhine-East is currently not being met 
in half of the water bodies of Rhine-East. As mentioned earlier in this paragraph, the 
most important pollutants are copper, zinc, nickel, phosphate and nitrate. Good ecologi-
cal status, as set for natural waters, is not being met in almost all water bodies. On the 
biological quality elements, almost all water systems are evaluated as moderate or bad 
(in this analysis all waters are tested for good ecological status, not for good ecological 
potential. The official classification of waters has not yet been made). It is expected that 
in 2015 there will be no substantial improvement or declination of the current situation 
given no additional measures will be introduced. The study considered the economic 
and autonomous developments (including measures and policy development already set 
into action) [3]. 

8.1.2.2.2 Groundwater 

Most groundwater bodies for human consumption will not reach good status before 
2015. Nitrate, pesticides and influences on terrestic ecosystems are the most important 
problems for groundwater. At the countryside diffuse pressures are most important, with 
nitrate being the most important pressure. In the urban area point sources are most im-
portant [3]. 

The above description of the current status shows that active policy for improvement of 
the environmental situation is needed. For reaching good chemical status, policy will be 
formulated for the reduction of sources as indicated in Table 8-3, applying measures in-
dicated in this table or introducing new measures.  

The good ecological status is influenced by the chemical status. Improvement of the lat-
ter will lead to an improvement of the former. But the history of human intervention in 
the physical system is preventing good ecological status from occurring most. Future 
improvements in ecological status need to be brought about by reorganization (in terms 
of less human influence) of the water system [9]. In general, the management of the wa-
ter system is – facing the intensive landuse in the area- focused on a water quantity 
management based on safety and effectiveness. This has resulted in a man-made water 
level management, artificial and steep riverbanks and normalization of watercourses. 
Some of these human interventions in the system continue to be a large obstruction for 
the ecological functioning of the water system. However, undoing these effects is a 
large challenge, if not impossibility in many cases.  
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8.1.3 1.3 Socio economical overview 

8.1.3.1 General 

The total population in the Vecht catchment is about 1,343,000 inhabitants (year 2000, 
source Alterra), of which 800,000 people live in the Dutch part of the catchment and 
543,000 people in the German part. The division over urban and rural population and 
the population density is presented in Table 8-4.  

Table 8-4: Characteristics population in Vecht catchment (Source: Alterra).( Sums 
don’t match because of round off and some missing data (*)). 

Population Vecht Catchment: 1,343,000 (no. of inhabitants)  
 
German part (no. of inhabitants) 

- Urban population 
- Rural population 
 

Population density (inh/ km2) 
 

 
  543,000 

212,000     
331,000 

 
  300 

 
Dutch part (no. of inhabitants) 

- Urban population 
- Rural population 

 
Population density (inh/ km2) 

 
  800,000 

730,000 
  30,000* 
 

400 

There are several cities with more than 50,000 inhabitants. In the Netherlands one finds 
Enschede (150,000), Hengelo (77,000), and Almelo (65,000) in the south of the catch-
ment and Emmen (56,000) in the north. In Germany one can find Lingen (52,500) and 
Nordhorn (52,000). 

Land use in the Dutch southern part is predominantly intensive animal husbandry, with 
growing of grass and maize. In the northern part there is more arable land, with a lot of 
potato growing. In the German part landuse is mainly arable land with potato growing. 
The main purposes of water use are: agriculture, drinking water, and recreation. The 
human pressure on the aquatic environment is high, both from cities and from intensive 
agriculture. In relatively small areas of about 10-100 km2 there are many interests, as 
agriculture, urban area, nature, landscape, and drinking water, which may pose different 
demands to water supply and water quality. Discharges from many of the sewage treat-
ment plants are into relatively small waters. 

8.1.3.2 Responsible authorities 

In the Dutch part of the catchment the responsibilities with respect to the water supply 
and water quality in the area are divided by many organizations. Rijkswaterstaat, which 
is part of the national government, is responsible for the national water policy, including 
flood protection, water supply, water quality, shipping routes, and acts on a strategic 
level. Two Provinces, Drenthe and Overijssel, are active in the catchment. They take 
care of the regional coordination of large projects (e.g. WFD) and the management of 
groundwater.  

For the management and maintenance of the river Vecht itself, two waterboards are re-
sponsible: Groot- Salland and Velt en Vecht. In total there are four water boards in the 
catchment. The water boards are responsible for the  (regional) operational water man-
agement, discharge of water, surface water levels, and surface water quality. Finally, the 
municipalities in the catchment are responsible for the drainage of public areas and the 
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sewage water and the drinking water companies take care of the supply of drinking wa-
ter.  

The German part of the catchments is situated in two ‘Bundesländer’ (‘states’ that have 
their own policy terrains and responsibilities): Niedersachsen (NS) and Nordrhein- 
Westfalen (NRW). Each ‘Bundesland’ has its own water organizations. For strategical 
management there are the Bezirksregierung Münster (NRW) and the Bezirksregierung 
Weser Ems in Meppen (NS). They are called the ‘Obere Wasserbehörden’. The so-
called ‘Untere Wasserbehörden’ have a policy making task. These are cities and other 
groups that have formed ‘Kreise’: Kreis Grafschaft Bentheim (NS) and Kreis Borken 
(NRW). Finally you have Stadt Gronau (a city not represented in a ‘Kreis’) and many 
small ‘Wasser und Bodenverbande’, that take care of the operational water management 
[11].  

8.1.3.3 Socio-economic characteristics Rhine-East (only the Netherlands) 

As for the data on the environmental situation, most socio- economical data are only 
present on Rhine-East level. It is only since recently that socio- economical data are ag-
gregated on catchment level. Socio- economical data in the Netherlands are managed by 
CBS (Statistics Netherlands), who had its own socio- economic reporting units, called 
COROP areas. Since a few years, CBS has introduced reporting areas corresponding to 
water catchments, the smallest being Rhine-East. For the German part of the catchment 
no specific detailed socio- economic data has been found. The presented data are con-
sidered more or less representative for the area, but one most be aware that there will be 
differences between the two countries and within the area. The presented data are 
adopted from the Koploper project for Rhine-East [3]. The data about water use in the 
area are adopted from the article five report for Rhine-East [2]. 

The number of inhabitants for Rhine-East (Netherlands) was 1,9 million for 2001. The 
growth estimated for the period 2001-2015 is 5,4%. It is expected that the growth will 
not be equally high for all parts of the catchment. The expected growth in the Northern 
part of the catchment is low and for the middle part relatively high. The southern part of 
the Rhine-East catchment does not belong the Vecht catchment.  

Table 8-5 gives a summary of the social- economical characteristics of the area. The 
number of fulltime jobs in 2000 was 677,000.  
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Table 8-5: Social- economical characteristics for Rhine-East [2]. 
Sector Production 

value (mln. 
euro) 

Value 
added (mln 
euro) 

Employment 
(employment 
years x 1000)* 

Production 
growth 1995- 
2000 (%) 

% of 
produc-
tion 

Agriculture1) 2,831 1,044 37.3 PM 3.5% 
Arable farming 161 89 2.1 PM 0.2% 
Bulb-growing 31 21 0.2 PM 0.0% 
Greenhouse farming 86 45 1.3 PM 0.1% 
Other horticulture 71 42 1.7 PM 0.1% 
Cattle farm, ground 
specific 

1,622 724 23.4 PM 2.0% 

Intensive animal 
husbandry 

540 43 4.8 PM 0.7% 

Combination farms 321 80 3.8 PM 0.4% 
Fishery2) 1,2 - - - 0.0% 
Mineral extraction 684 522 0.9 -1% 0.9% 
Industry 36,451 11,433 204.0 22% 45.5% 
Food and luxury 
food industry 

6,483 1,392 18.4 2% 8.1% 

Chemical industry 3,729 1,135 16.8 8% 4.7% 
Metal industry 5,567 1,739 34.9 34% 7.0% 
Energy/ water com-
panies 

2,069 861 3.7 9% 2.6% 

Services 40,081 25,251 434.4 37% 50.1% 
Aviation and ship-
ping 

93 39 0.2 33% 0.1% 

Environmental ser-
vices 

761 297 3.0 80% 1.0% 

Total 80,048 38,250 677 PM 100% 
*The Dutch AJE (Arbeidsjaareenheid). One AJE corresponds to one person, working fulltime all year for 
a company. 

1) Agriculture in 1998 
2) Fishery in 2002 

Table 8-6 provides detailed data about the current situation and the autonomous devel-
opments of the social- economical developments in Rhine-East.  
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Table 8-6: Autonomous development until 2015 for Rhine-East [3]. 
Sector Unit1 Current situation Autonomous developments 
  Absolute value in 

2002 
Index number 2015 (2002= 
100) 

Agriculture    
Arable farming Nge 53,377 93 
Greenhouse farming Nge 70,579 161 
Other horticulture Nge 42,979 291 
Cattle farm, ground specific Nge 740,661 83 
Intensive animal husbandry Nge 166,501 84 
Combination farms Nge 108,644 66 
Fishery    
Fishery Mln euro 1 70 
Mineral extraction    
Mineral extraction Mln euro 741 117 
Industry    
Food and luxury food industry Mln euro 6,588 93 
Chemical industry Mln euro 3,339 80 
Metal industry Mln euro 5,052 96 
Energy/ water companies Mln euro 2,439 117 
Services    
Aviation and shipping Mln euro 877 157 
Environmental services Mln euro 94 146 
1 Nge (Nederlands grootte- eenheden; Dutch magnitude unit) is an economical unit used in agriculture 

statistics. The unit is a gross standard balance (total venue minus some accompanying specific costs) 
corrected for price development of the balance in the Netherlands.  

Table 8-7 shows the water use in Rhine-East. The total water use (ground and surface 
water) in 2001 in Rhine-East was ca. 289 mln. m3. The numbers are adopted from the 
national and regional water balance for 1996 and 2001 (CBS, NAMWA).  

 

Table 8-7: Wateruse, waterusers and way of extraction in Rhine-East. 
 Tap water from 

water company 
Self- extracted 
groundwater 

Self- extracted 
surface water 

Total 

Consumers 87 - - 87 
Agriculture and 
fishery 

12 10 3 26 

Companies 35 24 99 158 
Total 135 34 102 289 

8.1.4 Previous studies 

Several previous studies exist for the Vecht- catchment and Rhine-East. The studies and 
documents used to write this chapter and the most important recent studies on water 
quality have been listed here.  

 
• On Rhine-East level, the article five report for the WFD gives a comprehensive 

overview of the status of information in the area with respect to the WFD require-
ments.  
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[1] Arcadis (2004). Kaderrichtlijn Water, Achtergronddocument Karakterisering 
deelstroomgebied Rijn-Oost. 

[2] Arcadis (2004). Kaderrichtlijn Water, Karakterisering deelstroomgebied Rijn-Oost 
(Hoofdrapport). 

 
• The economical analysis set up in above documents is further elaborated in the 

document: 

[3] Rebelgroup Rotterdam Royal Haskoning (2005), Kosteneffectiviteitsanalyse 
Kaderrichlijn Water, Deelstroomgebied Rijn-Oost. Concept- eindrapport 

 
• Specific studies for the water quality (nutrients) in the Vecht catchment: 

[4] De Straat Milieu-adviseurs (2004). De waterkwaliteit in het stroomgebied 
Vecht/Zwarte water. Eindrapport. 

[5] Schoumans, O.F., P. Groenendijk, C. Siderius, 2005. NL-CAT application to six 
European catchments. Report 1205. Alterra, Wageningen 

 
• Other studies used for background information: 

[6] Waterschap Velt en Vecht, Riza (2000). Grensoverschrijdend Instrumentarium 
Overijsselse Vecht. Sobek modellering. Arcadis Heidemij advies. 

[7] Permanente Nederlands- Duitse Grenswatercommissie Subcommissies Vecht en 
Dinkel (1997). Beheersplan Vecht. Tweede interimrapport.  

[8] Waterschap Groot- Salland (2001). Kijk op water. Waterbeheersplan 2002- 2005. 

 

[9] Waterschap Regge en Dinkel (2004). Monitoringrapportage 2000- 2003. 
Bestuursrapportage.  

[10] Provincie Overijssel (2004). Wateractieprogramma Overijssel 2004. 
Prestatieafspraken tussen de waterschappen en de provincie Overijssel.  

[11] www.wrd.nl (2002) 

8.2 Metadata, data and associated uncertainties 

8.2.1 Meteorological data 
Meteorological data for the Dutch part of the catchment are managed by the KNMI. 
Available data and more information can be found on www.knmi.nl (in Dutch). For one 
station in the Vecht catchment a selection of meteorological data can be downloaded 
free of charge from the KNMI. This location is Twenthe, number 670 in  Figure 8-7. An 
overview from the meteorological data from the station Twenthe that were uploaded is 
provided in Table 8-8. 
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Table 8-8: Meteorological data uploaded for station Twenthe 
DCODE.ACODE Description N Start date End date 
WEAT.001004 Rainfall daily total 5622 1991/01/01  2006/05/23  
WEAT.001007 Temperature air daily minimum 5622 1991/01/01  2006/05/23  
WEAT.001008 Temperature air daily maximum 5622 1991/01/01  2006/05/23  
WEAT.001009 Temperature air daily mean 5622 1991/01/01  2006/05/23  
WEAT.001016 Humidity relative daily mean 5622 1991/01/01  2006/05/23  
WEAT.001019 Wind speed daily mean; inhomogeneous series 

due to measuring height changes; see: 
www.knmi.nl/samenw/hydra 

5622 1991/01/01  2006/05/23  

WEAT.001020 Wind direction daily prevalent 
360=North   
180=South   
270=West 

5622 1991/01/01  2006/05/23  

WEAT.001024 Sunshine duration daily total 5261 1991/01/01  2006/05/23  
WEAT.001040 Rainfall duration daily total 5622 1991/01/01  2006/05/23  

Other data, which are freely available but for which no dAcodes have been inserted in 
the dictionary (yet) are: 

• maximum hourly mean windspeed 
• maximum wind gust        
• percentage of maximum possible sunshine duration 
• daily mean surface air pressure in 1 hPa  
• minimum visibility (0=less than 100m, 1=100-200m, 2=200-300m, ..., 

49=4900-500m, 50=5-6km, 56=6-7km, 57=7-8km,..., 79=29-30km, 80=30-
35km, 81=35-40km,..., 89=more than 70km)  

• cloud cover in octants (9=sky invisible) 

Uncertainty analysis has not been carried out. 

In the case study, data not free of charge are used. An overview of the meteorological 
stations used in the Vecht case study is provided in  Figure 8-7 and Table 8-9. 
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 Figure 8-7: Overview of meteorological stations used in the Vecht case study (pro-
jected in coordinate system: Rijksdriehoeksstelstelsel) 

Table 8-9: Average annual rainfall for meteorological stations in the Vecht catchment, 
coordinates in WGS84 

ID Name NB OL Elevation 
(m) 

Average annual rainfall 
(mm) Periode 

333 Emmen 52.783619 6.886136 25 811 1971-2001 
339 Rheezerveen 52.563082 6.568524 9 788 1971-2001 
341 Zweelo 52.79649 6.730139 17 803 1971-2001 
342 Vilsteren 52.530037 6.35689 5 791 1987-2001 
361 Tubbergen 52.409941 6.766389 17 780 1971-2000 
670 Twenthe 52.262191 6.910646 35 760 1974-2000 
675 Weerselo 52.353757 6.867181 19 786 1971-2000 

33022 Nordhorn 52.43291 7.10063 24 811 1961-2002 
33028 Gronau 52.19956 7.01729 40 824 1961-2002 

33010 Steinfurt-
Burgsteinfurt 52.13288 7.31732 70 824 1961-2002 

33110 Billerbeck 52.13288 7.30065 111 819 1961-2002 
60337 Emsbueren 52.38291 7.28399 40 786 1961-2002 

Although the KNMI is the main provider of meteorological data, also some data are 
present in the DONAR database we uploaded. Used classifications are explained in ap-
pendix 4. 

• Data source: Donar 

• Data provider: Ministry of public works and Watermanagement (RWS), The 
Netherlands 

• Number of stations: 3 (GENMDN, WIENE, RAMSDP, see Table 8-9) 

• Number of attributes: 5 
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• Period of time series: 11 November 1993 – 12 April 2005 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000071: NL; Type of 
data: RVAL 

• Metadata: uploaded by MID code. Explanation of MID code in paragraph 2.9.
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Table 8-10: Uncertainty information of meteorological data 
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8.2.2 Hydrological data 

8.2.2.1 Data type: Water levels 

• Data source: Donar database 

• Data provider: Ministry of public works and Watermanagement (RWS), The 
Netherlands 

• Unit of measurement: m NAP, originally in cm NAP 

• Number of stations: 1 (Kadoelen) 

• Temporal resolution: 10 minute average values and 24h average values 

• Period of time series: from 1 january 1990 to 31 december 2003 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000001: KADLN; 
GENR.000071: NL; DCODE: HYDR; ACODE: 002042 and 002031; Type of 
data: RVAL 

• Metadata: uploaded at the station KADLN. Sequence 1 is metadata for 24h 
values. Sequence 2 is metadata for 10 minute values.  

The location of the measurement station Kadoelen is shown in Figure 8-8 The coordi-
nates can be found in Table 8-11.  

 

Figure 8-8: Location of measurement station Kadoelen from DONAR database. 
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Table 8-11: Coordinates of measurement stations from DONAR database 

Site code Site name Longitude Latitude 
RAMSDP Ramsdiep (kilometer 10) 52.63007 5.931706 
GENMDN Genemuiden 52.62928 6.038558 
ZWOLLE Zwolle 52.52305 6.069996 
HASST Hasselt 52.58973 6.086967 
ALMLO Almelo 52.35632 6.620119 
GRASBK Grasbroek (kilometer 6.220) 52.2927 6.639316 
WIENE Wiene 52.24009 6.65072 
ENSDE Enschede 52.23214 6.841542 
KADLN Kadoelen 52.65824 5.981642 

8.2.2.1.1 Metadata 

The data are retrieved from the Donar database of RWS, the Netherlands. The daily wa-
terlevel values are averaged 24h values. The 10 minute values are averaged for the past 
10 minutes until 9 September 1993, and from then on are averaged over the past five 
and next five minutes. The data are measured by a Float Operated Gauge, type DNM.  

The authorities handling the data have been shown in Table 8-12. 

Table 8-12: Authorities involved in handling the water level data 

 1990 1991- 2003 
Analyzing authority Dir. Oost Nederland - 

afdeling ANIC te Arnhem 
RIKZ - afdeling MII te Den 
Haag 

Managing authority RIKZ - afdeling MII te Den 
Haag 

RIKZ - afdeling MII te Den 
Haag 

Sampling authority Dir. Oost Nederland - 
afdeling ANIC te Arnhem 

RIKZ - afdeling MII te Den 
Haag 

Commissioning authority RIKZ - Landelijke 
monitoring waterhoogten 
gegevens 

RIKZ - Landelijke 
monitoring waterhoogten 
gegevens 

8.2.2.2 Data type: Wave height 

• Data source: Donar database 

• Data provider: Ministry of public works and Watermanagement (RWS), The 
Netherlands 

• Number of stations: 8 

• Period of time series: from 22 June 1993 to 12 April 2005 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000071: NL; DCODE: 
HYDR; ACODE: 002034; Type of data: RVAL 

• Metadata: uploaded by MID. See paragraph 2.9.  
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8.2.2.3 Data type: Discharge, velocity, depth and width 

• Data source: Limnological database 

• Data provider: Water boards/ STOWA/ Royal Haskoning. Formal data owner-
ship with water boards, national database funded by STOWA, operational data-
base with Royal Haskoning 

• Number of stations: Width: 28, Depth: 514, Discharge: 6, Velocity: 30 

• Number of attributes: Width: 111, Depth: 3810, Discharge: 489, Velocity: 116 

• Period of time series: starting on 5 January 1990 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000071: NL; Type of 
data: RVAL 

• Metadata: not provided. For measurement locations of the Limnological data-
base see physical chemical data.  

8.2.2.3.1 Uncertainty 
Uncertainty information can be found in Table 8-13. The data have not been used in the 
uncertainty analysis, so a more detailed uncertainty analyses has not been performed.  

8.2.2.4 Data type: storage capacity of detailed surface water system 
Data have not been uploaded. A detailed uncertainty analysis has been performed for 
the Vecht case study. The description of this analysis can be found in the deliverable of 
the case study (D7.7). 

 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  25 

Table 8-13: Uncertainty information of hydrological data 
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Water 
level 24h 
average 

point 24h   D1 M1 I3, 
S2-
3, 
O2-
3 

L2 N    Goodwin (2005) 

Water 
level 10 
min av. 

point 10 min.   D1 M1 I3, 
S2-
3, 
O2-
3 

L2 N    Goodwin (2005) 

Discharge Unknown Unknown   D1 M1  L1 N    Goodwin (2005) 
Velocity unknown Unknown   D1 M1 I3, 

S3, 
O3 

L0 N    Goodwin (2005) 

Depth 0.004-
70.0 m 

Unknown   C1 M1  L2 N     

Width 0.040-20 
m 

Unknown   C1 M1  L2 N     
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8.2.3 Geological data 

8.2.3.1 Data type: Map land cover 

The land cover map is a composite of two base maps, the LGN4 for the Dutch part of 
the Vecht catchment and the European CORINE map for the German part. The original 
number of land cover types has been reduced to 6, being; Grass, Maize, Arable land, 
Forest, Nature and Other (Figure 8-9) 

• Data source:  LGN4 (Dutch part), CORINE (German part) 

• Data provider:  LGN4: Alterra, Wageningen University and Research Center, 
The Netherlands 

o CORINE: European Environment Agency 

• Spatial resolution:  LGN4: 25 m grid 

o CORINE: 100 m grid 

• Number of land cover types: 6. LGN4 originally: 39 

• Date of consensus:  LGN4: 2000, map composition: 2000 

• Uploaded in database:  UNIV.OCLASS: TEMA; GENR.000001: Vecht; 
GENR.000071: NL; DCODE: GENR; ACODE: 000074; data type: raster .tif 
file  

 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  27

Figure 8-9: Land cover map Vecht catchment (Rijksdriehoekstelsel projection) 

8.2.4 Soil data 

8.2.4.1 Data type: map soil types 

• Data source:  The soil map of the Vecht 1:250 000 is based on three soil maps: 

o Soil map of the Netherlands 1:250 000 (1985) 

o Bodenkundlichen Standortkarte von Niedersachsen und Bremen 
1:250000 (1989) 

o Bodenubersichtskarte von Nodrhein-Westfalen 1:300 000 (1953) 

• Data provider: Alterra, The Netherlands  

• Spatial resolution: 1:250 000  

• Number of soil types: 25 

• Date of consensus: 1991 (Soil map of the Vecht), other see under data source 
  

• Uploaded in database: UNIV.OCLASS: TEMA; GENR.000001: Vecht; 
GENR.000071: NL; DCODE: GENR; ACODE: 000074; data type: raster .tif 
file 
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Figure 8-10: Soil types map Vecht catchment (Rijksdriehoekstelsel projection) 

Table 8-14: Soil classification 
Soil class Soil type Area (%) 

2 Peat 5.46 
4 Peat 0.03 
5 Peat 9.93 
7 Sand 2.78 
8 Sand 2.86 
9 Sand 28.93 

10 Sand 2.10 
11 Sand 8.91 
12 Sand 8.57 
13 Sand 13.17 
14 Sand 4.32 
18 Clay 0.02 
19 Clay 1.71 
20 Clay 0.92 
21 Sand 4.81 
24 Peat 1.91 
25 Sand 3.57 

Stolte, J. and J.H.M. Wösten, 1991. Soil physical schematisation of the catchment area of the river 
Vecht. Report 45, The Winand Staring Centre. 

8.2.4.2 Data type: Map soil lower boundary conditions 

The bottom boundary conditions are based upon Dutch national SWAP and ANIMO cal-
culations: STONE (Kroon et al., 2001 and van Bakel et al., 2003). Nation wide maps are 
available with the seepage fluxes and pressure heads. The catchment is divided into areas 
with upward seepage (blue in Figure 8-11) and areas with downward seepage (red in 
Figure 8-11). In the areas with upward seepage a flux is used to prescribe the bottom 
boundary conditions, in the other areas the pressure head is used in combination with a 
resistance. A classification is made with the values of the fluxes and pressure heads to limit 
the amount of plots in the catchment. 

For the German part of the catchment no data was available. A closed bottom boundary 
with zero flux is assumed for this part of the catchment (green in Figure 8-11). 

• Data source:  STONE nation wide model results (The Netherlands)  

• Data provider: Alterra/RIZA  

• Spatial resolution: 250 m grid 

• Number of classes: 5  

• Date of consensus: 2000  

• Uploaded in database: UNIV.OCLASS: TEMA; GENR.000001: Vecht; 
GENR.000071: NL; DCODE: GENR; ACODE: 000074; data type: raster .tif 
file  
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Figure 8-11: bottom boundary conditions Vecht catchment  (Rijksdriehoeksstelsel pro-
jection) 

The parameters of the 5 bottom boundary classes in Figure 8-11 are given in Table 8-15 

Table 8-15: Bottom boundary classification (SINAVE is the average value of the bottom 
flux, SINAMP is the amplitude of bottom flux sine function, SINMAX is the time of the 

year with maximum bottom flux, AQAVE is the average hydraulic head and RIMLAY is 
the vertical resistance of the aquitard) 

id SWBOTB SINAVE SINAMP SINMAX AQAVE RIMLAY 
1 Flux specified -0.08631 0.01 90 148 2526 
2 Flux specified 0.23948 0.01 90 160 2410 
3 Zero flux 0 0.01 90 0 2495 
4 Hydraulic head specified -0.04402 0.01 90 -285 2447 
5 Hydraulic head specified -0.09403 0.01 90 -1720 2985 

Kroon, T., P. Finke, I. Peereboom, and A. Beusen, 2001. Redesign STONE: De nieuwe 
schematisatie voor STONE: de ruimtelijke indeling en toekenning van hydrologische en 
bodemchemische parameters. RIZA rapport 2001.017, RIZA, Lelystad. 

8.2.4.3 Data type: P background concentration 

• Data source: Alterra NL-CAT model 

• Data provider: Alterra 

• Unit of measurement: kg/m3 P 

• Uploaded in database: UNIV.OCLASS: GRWT; GENR.000001: Vecht; 
GENR.000071: NL; DCODE: SOIL; ACODE: 009008; Type of data: RVAL 
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The uploaded background concentration is the concentration used in the model NL-
CAT. The background concentration has been assumed constant in space and time for 
use in this model. The value for the area is 0.00016.  

8.2.4.3.1 Uncertainty 

A detailed uncertainty analysis has been performed for the Vecht case study. The full 
description of this analysis can be found in the deliverable of the case study (D7.7). A 
summary is given below. 

An uncertainty analysis has been set up for the variation of the mean phosphorus back-
ground concentration in the Regge catchment. Phosphorus concentration measurements 
data have been collected at point support. The point support data have been aggregated 
to the mean phosphorus concentration on catchment level. Statistical analysis of meas-
urement data resulted in a normal distribution to represent the distribution of the mean 
concentration for the total catchment, with mean is 0.00016 kg/m3 P and standard de-
viation 0.000011 kg/m3 P. The standard deviation of the mean concentration has been 
calculated by dividing the standard deviation of the measurement data by the square 
root of the number of measurements (central limit theorem). 

Main assumptions/ limitations: 
- Assumption: The phosphorus background concentration is time-independent 
- Assumption: The estimated mean and standard deviation are reliable estimates of 

the true mean and standard deviation  
- Limitation: The distribution found represents variation only on catchment scale   

The two assumptions are assumed to be reasonably fair. Data analysis has shown that 
the variations in time are relatively small, certainly in comparison to the variations in 
space. The assumption of representativeness of the distribution found is supported by 
the evenly distribution of measurement locations over the area and the considerable 
number of measurements. Regarding the limitation: the data didn’t support an assump-
tion of spatial homogeneity. However, the amount of data didn’t support an analysis of 
sub-areas. The influence of this uncertainty can therefore best be considered on total 
catchment scale. When inspecting the results of the NL-Cat model on a more detailed 
level than the whole Regge sub-catchment one should be aware of the limitations 
caused by this assumption. 

8.2.4.4 Data type: Soil Fe/Al characteristics 

Data have not been uploaded (no free supply). A detailed uncertainty analysis has been 
performed for the Vecht case study. The description of this analysis can be found in the 
deliverable of the case study (D7.7). 

8.2.4.5 Data type: denitrification parameters 

Not yet uploaded 

8.2.4.5.1 Uncertainty 

A detailed uncertainty analysis has been performed for the Vecht case study. The full 
description of this analysis can be found in the deliverable of the case study (D7.7). A 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  31

summary is given below. The analysis lacks a distribution and has not been uploaded 
with the data.  

An uncertainty analysis is set up for the variation in space of the iron aluminium con-
centration in the top soil (1-120 cm). The scale of this analysis is the plot level. For this 
purpose a geostatistical analysis has been applied: conditional sequential Gaussian 
(block) simulation. The analysis has been applied on a 250x250m grid scale, and next 
aggregated to plot scale.  

The main assumption and limitations of the analysis were: 
- The iron aluminium level is assumed constant in time 
- The measurements used are assumed to be representative for the area and to 

provide detailed enough information for the analysis.  
- The analysis has only been executed for the horizontal spatial variations of iron 

and aluminium. To account for vertical variation, the outcome of the analysis 
(average vertical concentration) has been subdivided over the soil horizonts 
based on the original ratio’s between horizonts.   

The first two assumption are assumed to be reasonably fair. The first one because the 
composition of the soil does not vary much in time. The second one because the sam-
pling locations are chosen a- select and the data were able to produce satisfactory 
variograms. The third point implies some limitation to the analysis. Because of the re-
striction of the analysis to the horizontal dimension, the vertical dimension of the Fe/Al 
concentration will still contain some unexpressed uncertainty. One needs to be aware of 
this. 

8.2.4.6 More soil data 

Additional soil data can be found at http://dinoloket.nitg.tno.nl 
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Table 8-16: Uncertainty information for the soil data 
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Already 
upscaled 

Already 
upscaled
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O3 
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mal 

Mean = 
0.00016, 
STD = 
0.000011

 Distribution 
of the mean 
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Soil Fe/Al 
charac-
teris-tics 

Point Instan-
teneous 

Plot Constant 
in time 

C1 M1 I3, 
S3, 
O3 

L2   Errore. Non 
si possono 
creare 
oggetti dalla 
modifica di 
codici di 
campo. 
Errore. Non 
si possono 
creare 
oggetti dalla 
modifica di 
codici di 
campo. 

  

Denitri-
fica-tion 
parameters 

NA NA Regge 
catchment 
subsoil 

Constant 
in time 

C1 M1 I4 
para-
meter 

L0    Model pa-
rameter 
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8.2.5 Physical- chemical data 

8.2.5.1 Data type: physical- chemical data 

• Data source: Limnological database 

• Data provider: Water boards/ STOWA/ Royal Haskoning. Formal data owner-
ship with water boards, national database funded by STOWA, operational data-
base with Royal Haskoning 

• Number of stations: 1170 

• Number of attributes: 242 

• Period of time series: starting on 5 January 1990 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000071: NL; Type of 
data: RVAL 

• Metadata: not provided 

• Data source: Donar database 

 

• Data provider: Ministry of public works and Watermanagement (RWS), The 
Netherlands 

• Number of stations: 8 

• Number of attributes: 509 

• Period of time series: From 17 January 1990 to 2 August 2005 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000071: NL; Type of 
data: RVAL 

• Metadata: uploaded by MID code. Explanation of MID codes in paragraph 2.9.  

Limnological database: 

An overview of the attributes uploaded and the number of data uploaded for an attribute 
is given in appendix 1.  

Donar database: 

An overview of the attributes uploaded and the number of data uploaded for an attribute 
is given in appendix 2. Used classifications are explained in appendix 4. 

8.2.5.1.1 Uncertainty 

These data have not directly been used in the case study. Uncertainty has been assigned 
to some representative attributes of the limnological database in general. The selected 
attributes are represented in Table 8-17a and some general uncertainty information is 
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provided in Table 8-17b. In this paragraph is elaborated on the way RIZA has assigned 
uncertainty to these attributes. An overview of the uncertainties considered in the analy-
sis is provided in Table 8-18. 

The choices made are discussed in chronological order of sample handling in the text 
below.   

Table 8-17a: Selected parameters, their measurement method and assigned standard 
deviation 

Parameter Measurement method Standard devia-
tion (%) 

Recovery rate 
(%) (bias) 

Atrazine (ug/l) OPB-OMB 3,1 110,5 
Diuron (ug/l) FUH 5,2 97,2 
Lead (ug/l Pb) ICP-MS 5 100 
Copper (ug/l Cu) ICP-MS 5 100 
Phosphorus (mg/l) Photometric detection after digestion 8 100 
Nitrogen (mg/l N) Chemoluminescence detection follow-

ing combustion 
6 100 

Nitrogen (Kjeldahl) 
(mg/l N) 

Photometric detection after digestion 8 100 

Ammonium (mg/l N) Discrete analysis 5 100 
Nitrate ion (mg/l N) Discrete analysis (photometric analy-

sis) 
9 100 

Phosphate Discrete analysis 5 100 

Table 8.17b: Uncertainty characteristics of the parameters in Table 8-17a 
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PHCH parameters of Table 8-17a D1 M1 I3, S3, O3 L1 

Table 8-18: Overview of uncertainties considered 

Uncertainty considered Uncertainty not considered 
Parameter determination in the lab: 

- Yes: Standard deviation 
- No: bias and correlation 

Sample collection 
Sample transport 
Pre- treatment 
Typing errors in reporting 

 
• Sample collection: no data are available on the way the samples are collected 

(e.g. exact location in a steam, depth, type of container). Therefore, these 
uncertainties are not included. It is being recognised though, that this may be 
the largest source of uncertainty. 

• Sample transport: no data are available on transport of the sample or relating 
uncertainties. Therefore, these uncertainties are not included.   
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• Pre-treatment in the laboratory: no data are available on the pre- treatment. 
Uncertainties resulting from pre- treatment are only partially, indirect in-
cluded in the standard deviation described under the next bullet.  

• Parameter determination in the laboratory: regarding the parameter determi-
nation, RIZA has some uncertainty estimates: 
o Standard deviation 
o Bias 

These values are unique for different analytical methods. Since no information is avail-
able on the analytical method, uncertainty estimates for the most conservative (the 
worst) method are being used. 

It is decided to only use the standard deviation in the uncertainty analysis. The distribu-
tion will be assumed to be N(x,s), where x is the observed value and s is the relative 
standard deviation. Considerations for not including bias can be found in the next para-
graph. The estimated values for this standard deviation vary in time, due to develop-
ments in measurement methods and perception. This variation in time is too complex to 
include in the uncertainty analysis, so it has been decided to use the last estimate on 
standard deviation available.  

Bias will not be included in the uncertainty analysis. In Dutch laboratory data reporting, 
no corrections are made for bias. The original values are reported and subsequently used 
in studies. Since the NL-CAT model used in the case study is already calibrated using 
the not-for-bias-corrected values, a conceptual problem emerges if the Monte Carlo 
simulation takes account of bias. Alternatively, resources are lacking to recalibrate the 
NL-CAT model with data corrected for bias. For this reason bias will not be included in 
the uncertainty analysis. However, an experiment into the effect of bias is considered.  

Note: several other EU- countries do correct for bias, this poses a problem on EU level.  

There is another reason why including bias imposes difficulties in the case study. The 
direction of the bias can change in time because of changing analysis methods in the 
laboratory (see Figure 8-12). Therefore one has to be very careful when assigning bias 
values to data: it needs to be very clear for each value what the analytical method and 
associated (sometimes in time changing) bias is.   
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Mean (=110) 
Results 

Current mean and 
standard deviation: 

 

 

Figure 8-12: This graph shows that the direction of bias can change with the analysis 
method. The graph shows the measurement results on a reference sample, standard 
procedure before each sample analysis. From these reference measurements are de-
ducted: mean, bias and standard variation of a parameter. The green line represents 

the mean. The deviation of this line from a level of 100% (recovery rate) shows the bias. 
Starting from result number 77 a new analysis method is being used. This has great im-

plications for the bias: structural underestimation of the results suddenly changes in 
structural overestimation. (The coloured lines in the graph have been adapted to the use 

of the new measurement method). 

 
• Typing errors in reporting: not included in the uncertainty analysis. Though es-

timates of ‘percentage typing errors’ are available in literature, an idea how is 
lacking of how to make use of such general percentages of typing errors.  

Correlations: cross correlation and autocorrelation are assumed to be zero. It is assumed 
that determination of one attribute in the laboratory will not have an effect on the de-
termination of another. Next, all data are time series. It is assumed that, because of the 
time present between different determinations in the laboratory, there is no autocorrela-
tion between the data. 

8.2.6 Biological data 

8.2.6.1 Data type: Biological 

• Data source: Limnological database 
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• Data provider: Water boards/ STOWA/ Royal Haskoning. Formal data owner-
ship with water boards, national database funded by STOWA, operational data-
base with Royal Haskoning 

• Number of stations: 1699 

• Number of attributes: 5 

• Period of time series: 14 March 1990- 20 November 2001 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000071: NL; Type of 
data: RVAL, CVAL, IVAL, MID 

• Metadata: uploaded by MID code. Explanation of MID code in paragraph 2.9. 

 

• Data source: Donar database 

• Data provider: Ministry of public works and Watermanagement (RWS), The 
Netherlands 

• Uploaded in database: UNIV.OCLASS: MONS; GENR.000071: NL; Type of 
data: RVAL 

• Metadata: uploaded by MID code. Explanation of codes in paragraph 2.9.  

Limnological database: 

The total number of measurements of biological taxons is 191882. These measurements 
are divided over 1699 locations and start from 14 March 1990 until 20 November 2001 
(1121 dates in total). In total, 2754 different taxons are measured. The type of meas-
urement is shown in Table 8-19. The method of measurement is recorded with MID. 
The explanation of these codes can be found in the uploaded MID dictionary (see sec-
tion 2.9).  

Table 8-19: Type of measurements that are uploaded to the database.  
Attribute code Type of measurement Number of measurements 

060001 Taxon count 120186 
060003 Taxon cover (t-class) 32029 
060005 Taxon cover (Tb-class) 388 
060009 Taxon count per lineair distance 31374 
060010 Taxon count per unit volume 7905 

See appendix 4 for explanations of classes 

8.2.7 Economical data 

8.2.7.1 Data type: population and population density for the province Overijssel, the 
Netherlands 

• Data source: StatLine Databank 
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• Data provider: CBS (www.cbs.nl) 

• Attributes: Population density and population 

• Period of time series: 1-1-1995 until 1-1-2005, yearly data. Date of measurement 
January 1st. 

• Uploaded in database: UNIV.OCLASS: ADUN; GENR.000001: 66; 
GENR.000071: NL; DCODE: SCEC; ACODE: 005001 and 005002; Type of 
data: IVAL, RVAL 

8.2.7.2 Data type: WWTP 

• Data source: Alterra 

• Number of WWTP’s: 35 

• Number of attributes: 9 

• Period of time series: 1994- 2001. 

• Uploaded in database: UNIV.OCLASS: WWTP; GENR.000071: NL; DCODE: 
SCEC; Type of data: RVAL 

• Metadata: The area where the WWTP is situated is specified.  

Table 8-20: Attributes specified for the WWTP’s 

Attribute name 
WWTP total N discharge per year 
WWTP total P discharge per year 
Effluent mean concentration N for a year 
Effluent mean concentration P for a year 
Treated wastewater 
Maximum number of connections to WWTP 
Elimination rate of N 
Elimination rate of P 
People connected to WWTP 

8.2.7.3 More economical data 
Additional economical data can be found www.statline.nl (site of Statistics Nether-
lands). 
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Figure 8-13: Locations of the WWTP’s uploaded 

8.2.7.4 Data type: historical slurry/ fertiliser surplus/ landuse 

Data have not been uploaded. A detailed uncertainty analysis has been performed for 
the Vecht case study. The description of this analysis can be found in the deliverable of 
the case study (D7.7). 
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Table 8-21: Uncertainty information for the economical data 
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Population NL point   D2 M3 I4/S3/O2 L0     Klauer et 
al. (2005) 

Population den-
sity 

NL point   D1 M3 I4/S3/O2 L0     Klauer et 
al. (2005) 

Fertilizer/ slurry 
application 

Farm/ 
Region 

year Plot/ 
region 

year D1 M1/ 
M2 

I1/ S2/ 
O2 

L0      

WWTP elimina-
tion rate 

1 plant period Region Modelling 
period 

C1 M1  L2    Time support: 
period until im-
provement 

 

WWTP people 
conncected 

1 plant unknown region Modling 
period 

C1/D1 M1 I4/S4/O2 L0     Klauer et 
al. (2005) 

WWTP dis-
charge/ concen-
tration 

point small region year D1 M1        
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8.2.8 System characteristics 

8.2.8.1 Data type: Rhine-East catchment, 3 polygons 

• Data source: ArcGIS map 

• Data provider: RIZA 

• Map last updated: 17 September 2004 

• Uploaded in database: UNIV.OCLASS: SBCN, 3 polygons: RNOO, DERNNI, 
DERNNW 

8.2.8.1.1 Metadata 

RNOO = Rhine-East, the Netherlands 

DERNNI = Rhine-East, Niedersachsen 

DERNNW= Rhine-East, Nordrhein westfalen 

The polygons are selected from map: gaf15_nl. The aimed application scale of this map 
is 1: 25,000 and is deducted from, amongst others, water board boundaries and 
‘dijkringgebieden’. De borders of DLD are deducted from Admin_Lander (egm). The 
geometrical accuracy is circa 30 meter. The borders have not yet been checked by the 
responsible people.  

 

Figure 8-14: Rhine-East catchment, 3 polygons. The Vecht area is also shown in this 
figure (upper right) to show the relation between both areas. 

8.2.8.2 Data type: waterboards in Vecht catchment, 4 polygons 

• Data source: ArcGIS map 
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• Data provider: Unie van waterschappen, the Netherlands 

• Map last updated: 2005, concept map 

• Uploaded in database: UNIV.OCLASS: ADUN, 4 polygons: 4, 5, 35, 35 
 

8.2.8.3 Metadata 

WFD coding system: www.idsw.nl 
4 = Waterschap Groot- Salland 
5 = Waterschap Regge en Dinkel 

35  = Waterschap Reest en Wieden 
36 = Waterschap Velt en Vecht 

The polygons are selected from map ws2005. The aimed application scale of this map is 
1:25,000 – 1: 50,000. The geometrical accuracy is 1: 100,000. The boundaries of the 
water board are inaccurate at detailed level.  

 

Figure 8-15: Waterboards in Vecht catchment, 4 polygons 

8.2.8.4 Data type: polygon of Vecht catchment 

• Data provider: RIZA 

• Map last updated: 2005 

• Uploaded in database: UNIV.OCLASS: SBCN, 1 polygon 

8.2.8.5 Metadata 
No specific metadata. 
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8.2.8.6 Data type: polygons of 2 provinces in Vecht catchement 

• Data provider: Topografisch Dienst Nederland 

• Map last updated: 2003 

• Uploaded in database: UNIV.OCLASS: ADUN, 2 polygons 

8.2.8.7 Metadata 

WFD coding system: www.idsw.nl 

63 = Drenthe 

66 = Overijssel 

The polygons are selected form map provincies2003. Provincial waters have also been 
included in the polygons. The aimed application scale is 1: 10,000. 

 

Figure 8-16: Province polygons for the Vecht catchment in the Netherlands 

8.2.9 Method ID codes 

For some data, metadata have been uploaded by use of MID (Method ID) codes. The 
explanation of these MID codes is recorded in the MID dictionary. An example of the 
use of MID code is for the data from the DONAR database (see PHCH and biological 
data). The DONAR data provided for HarmoniRiB are accompanied by approximately 
10 columns of metadata (e.g. analysing method, analysing date, etc). In order to be able 
to upload these metadata, they are lumped to one MID code and uploaded together with 
the measurement value. 



HarmoniRiB June 2006  HarmoniRiB River Basin Data Report 

 

Bijlsma & Blind, Vecht River Catchment Data Report  44

8.3 Appendix 1: Overview PHCH data limnological database 

Physio- chemical data from the Dutch Limnological database. Data is uploaded for 1170 
monitoring stations in the Vecht catchment area. It includes data on 246 attributes, start-
ing from the 5th of January 1990. An overview of the attributes uploaded and the num-
ber of data uploaded for an attribute is given.  

 
Attribute code Attribute name Number of data uploaded 

002001 Discharge 489
002026 Velocity 123
008003 Depth 3916
008004 Width 119
040006 1,1,1-trichloroethane 9
040016 1,2,3,4-Tetrachlorobenzene 12
040021 1,2,3,5-Tetrachlorobenzene 12
040026 1,2,3-Trichlorobenzene 12
040041 1,2,4-Trichlorobenzene 12
040051 1,2-Dichloroethane 6
040086 2,2',3,4,4',5,5'-heptachlorobiphenyl 110
040091 2,2',3,4,4',5'-hexachlorobiphenyl 110
040101 2,2',4,4',5,5'-hexachloro-1,1'-Biphenyl 110
040106 2,2',5,5'-tetrachloro-1,1'-Biphenyl 110
040116 2',3,4,4',5'-PCB 110
040126 2,3,4,5-Tetrachlorophenol 192
040131 2,3,4,6-Tetrachlorophenol 171
040136 2,3,4-Trichlorophenol 171
040146 2,3,5,6-Tetrachlorophenol 171
040151 2,3,5-Trichlorophenol 171
040161 2,3,6-trichlorophenol 171
040166 2,3-Dichlorophenol 192
040171 2,4,4'-PCB 110
040176 2,4,5,2',5'-PCB 110
040181 2,4,5-T 64
040196 2,4,5-Trichlorophenol 171
040201 2,4,6-trichlorophenol 171
040216 2,4-Dichlorophenol 28
040221 2,4-Dichlorophenoxyacetic acid 65

040225 
2,4-Dichlorophenoxyacetic acid (Wet 
weight) 143

040241 2,6-Dichlorophenol 171
040251 2-chlorophenol 171

040266 
2-methyl-2-(methylsulfinyl)propanal O-
[(methylamino)carbonyl]oxime 53

040286 3,4,5-Trichlorophenol 192
040301 3,4-Dichlorophenol 171
040311 3,5-Dichlorophenol 192
040316 3-Chlorophenol 171
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Attribute code Attribute name Number of data uploaded 
040326 4,6-Dinitro-2-sec-butylphenol 52
040331 4-Chloro-3-methylphenol 35
040341 4-Chlorophenol 171
040360 Acenaphthene 1160
040365 Acenaphthylene 477
040369 Acenaphthylene (Wet weight) 8
040373 Aldicarb 65
040378 Aldoxycarb 53
040383 Aldrin 435
040389 Alkalinity pH 4.5 4
040392 alpha-BHC 542
040397 alpha-Endosulfan 543
040402 Aluminum 14
040412 Ammonia (Dionex) (Wet weight) 8024
040418 Ammonium 14782
040428 Anthracene 1147
040439 Arsenic 345
040445 Atrazine 607
040449 Atrazine (Wet weight) 38
040465 Bentazone 225
040470 Benzene 20
040475 Benzo[a]anthracene 1148
040480 Benzo[a]pyrene 1170
040485 Benzo[b]fluoranthene 1172
040495 Benzo[g,h,i]perylene 1170
040500 Benzo[k]fluoranthene 1170
040511 beta-BHC 537
040516 beta-Endosulfan 276
040527 BOD5 10374
040553 Cadmium 2048
040559 Calcium 6117
040564 Carbofuran 53
040575 Carbon (Organic Dissolved) 2
040581 Carbon Dioxide 1496
040590 Carbon tetrachloride 9
040595 Carbonate 17
040615 Chlorfenvinfos 234
040620 Chloridazon 148
040625 Chloride 14574
040657 Chlorophyll a 4414
040667 chlorotoluron 103
040671 chlorotoluron (Wet weight) 388
040678 Chromium 2006
040684 Chrysene 1157
040704 COD 296
040706 Conductivity 13663
040709 copper 2108
040735 DDT 362
040740 delta-Hexachlorocyclohexane 479
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Attribute code Attribute name Number of data uploaded 
040750 Demeton-S-methyl 17
040760 Desmetryne 82
040769 Diazinon 377
040774 Dibenz[a,h]anthracene 1158
040788 Dichlobenil 2
040798 Dichlorodiphenyldichloroethane 368
040803 Dichloromethane 9
040808 Dichloroprop 55
040813 dichlorvos 375
040823 Dieldrin 488
040838 Dimethoate 376
040843 Dinitro-o-cresol 52
040848 Dinoterb 52
040853 Diuron 111
040858 Endrin 438
040863 Ethyl Benzene 20
040869 Fenitrothion 153
040874 Fenthion 159
040884 Fluoranthene 1162
040889 Fluorene 1160
040894 Fluorides 453
040913 Hardness total 64
040914 Heptachlor 438
040919 Heptachlor epoxide 438
040929 Hexachlorobenzene 564
040934 hexachlorobutadiene 209
040949 hydrogen phosphate 14749
040954 Indeno[1,2,3-cd]pyrene 1170
040969 Iron 3238
040975 Isobenzan 1
040980 Isodrin 271
040985 Isoproturon 98
040995 Lead 1982
041001 Lindane 445
041006 Linuron 103
041016 Magnesium 6102
041021 Malathion 375
041026 manganese 95
041031 MCPA 119
041036 MCPB 102
041041 MCPP 55
041051 m-Dichlorobenzene 12
041056 Mercury 1963
041067 metazachlor 29
041072 methabenzthiazuron 52
041082 Methomyl 53
041092 Methyl Isothiocyanate 21
041097 Methyl Parathion 375
041102 metobromuron 95
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Attribute code Attribute name Number of data uploaded 
041107 Metolachlor 43
041112 Metoxuron 163
041124 Monolinuron 103
041129 Monuron 103
041134 Naphthalene 1099
041144 Nickel 1996
041150 Nitrate ion 14179
041155 Nitrites 14175
041160 Nitrogen 7300
041166 Nitrogen (Kjeldahl) 14793
041181 o,p'-DDD 370
041186 o,p'-DDE 370
041191 o,p'-DDT 370
041201 o-dichlorobenzene 12
041207 ortho-xylene 6
041212 Oxygen 14177
041214 Oxygen (Dissolved) 8695
041222 p,p'-DDE 370
041227 para-Dichlorobenzene 12
041232 Parathion 375
041252 Pentachlorobenzene 105
041262 pentachloro-Phenol 197
041272 pH 13491
041276 Phenanthrene 1159
041296 Phosphorus 14766
041322 Potassium 6466
041332 Propazine 450
041342 Propoxur 52
041357 Pyrene 1072
041386 Silver 145
041396 Simazine 598
041401 Sodium 6113
041416 Sulfate 8490
041443 Temperature water 14065
041450 Terbutryn 247
041455 Terbutylazine 16
041465 Tetrachloroethylene 9
041480 Thiosulfan 113
041496 Toluene 20
041516 Tributyltin 36
041521 Trichloroethylene 9
041526 Trichloromethane 9
041536 Triphenyltin 36
041554 Vydate 65
041559 xylenes 11
041569 Zinc 2102
41580 Silicon 738
41583 Triazofos 148
41593 1,1,2-Trichloroethane 6
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Attribute code Attribute name Number of data uploaded 
41598 Carbaryl 53
41603 Carbendazim 12
41608 chloroxuron 103
41613 Clorpyrifos 23
41618 Co-Ral 38
41623 Demeton 31
41628 Disulfoton 44
41634 Endosulfan sulfate (Dissolved) 91
41638 EOX 8
41643 Mocap 123
41648 Bromophos-ethyl  21
41653 Fenuron  52
41658 fluroxypyr 1
41663 Glyphosate 24

41668 
7-chlorobicyclo[3.2.0]hepta-2,6-dien-6-yl 
dimethyl phosphate 136

41673 Hydrindene 116
41678 Iprodione 21
41683 Bromophos-methyl 23
41688 Toclophos-methyl 352
41693 Azinphos-methyl 129
41698 Metribuzin 100
41703 Phosdrin  375
41708 Sum nitrites and nitrate ions 7918
41709 2,3,3,4,4,5-hexachloorbifenyl 67
41714 pencycuron 45
41719 Phaeophytine 3646
41724 Pirimicarb 145
41729 Ramrod 126
41734 Pyrazophos 17
41739 Sum of 24DDD and 44DDD 68
41740 Sum of 24DDE and 44DDE 68
41741 Sum of 24DDT and 44DDT 68
41742 Sum of chlorobenzenes 12
41743 Sum of dithiocarbamate 24
41744 Sum of organic tin 12
41745 Sum of PAK 16 EPA 70
41746 Sum of PAK 6 Borneff 49
41747 Sum of tetrachlorophenol 21
41748 Sum of triazines 53
41749 VOX 197
41754 Sum of 1,3- en 1,4-xylenes 6
41760 1,2-Dichloroethene cis 2
41770 1,1-dichloroethane 5
41775 Lasso 24

41780 
(R,S)-alpha-Amino-3-hydroxy-5-methyl-4-
isoxazolepropionic Acid 30

41785 Settable Solids 3400
41786 Suspended Solids 5044
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Attribute code Attribute name Number of data uploaded 
41787 Transparency 7867
41788 hydrogen carbonate 6080
41789 4-chlorophenoxyacetic Acid 25
41790 Conductivity (field measurement) 1748
41791 pH (field measurement) 1571
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8.4 Appendix 2: Classifications in Donar 

8.4.1 Classifications in Donar 

 
Dictionary code Attribute code paroms Value Meaning 

WEAT 001059 Bewolkingsgraad 0 Not clouded 
   1 1/8 clouded 
   2 2/8 clouded 
   3  
   4  
   5  
   6  
   7  
   8 Fully clouded 
   9 Fog 
   99 Missing (not uploaded) 
WEAT   001061 Neerslagvorm  NOG OPZOEKEN 
     
   99 Missing (not uploaded) 
PHCH 41379 Geur 0 Absent 
   1 Present 
   99 Missing (not uploaded) 
PHCH 41834 Kleur intensiteit  Like 41379 
PHCH 41845 Vuil  Like 41379 
PHCH 41888 Schuim  Like 41379 
PHCH 41916 Kleur  Like 41379 
PHCH 41921 Olie  Like 41379 

8.4.2 Classifications in Limnological database: biological data 

T-class  

1 = r = rare  

2 = o = occasional  

3 = lf =local frequent  

4 = f = frequent  

5 = la = local abundant  

6 = a = abundant  

7 = ld = local dominant  
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8 = cd = co-dominant  

9 = d = dominant  

Sometimes 0 is used to state the presence of a taxon 

 

Tansley schaal converted to decimals (water): 

1 = s = rare (zeldzaam)  

2 = r = scarce (schaars of z. verspr)  

3 = o  =ocassional (hier en daar)  

4 = lf = local frequent (plaatselijk frequent)  

5 = f = frequent  

6 = la = localy many (lokaal zeer veel)  

7 = a = many (zeer veel)  

8 = cd = co-dominant  

9 = d = dominant  

Mainly in water rooted plants. 

 


