
The ATV-DVWK-Water Quality Model 
 
The ATV-DVWK-Water Quality Model is a comprehensive and powerful tool for the 
dynamical simulation of the quantitative and qualitative conditions and processes in rivers 
and streams. It was developed by a working group of the ATV-DVWK in cooperation with 
the Institute for Applied Mathematics and Statistics of the Technical University of Munich, 
Germany and several other research institutions. The necessity of a water quality simulation 
model for use in the practice of water quality protection and watershed management was 
stipulated by several legal and regulatory activities coming into force in the last years, in 
particular on the European level, which emphasized the importance of an integrated 
approach to water management planning and development. The latest and most important 
step in this direction was the issue of the so-called Water Framework Directive of the 
European Commission in December 2000. This directive requires the development of river 
basin management plans including programs of measure to achieve prescribed water quality 
objectives within a defined time span.  
 
The main objective in developing the ATV-DVWK-Water Quality Model was to create a 
general available tool for the analysis and solution of water quality problems, which could be 
adjusted predominantly to the practical day by day activities in administrations, private 
companies or research institutions. The model is available in version 1.x for several years 
now and has found a remarkable acceptance in water resources practice. It was applied 
already in a number of cases, ranging from large rivers to small streams and brooks in rural 
as well as heavily urbanized areas. A reference list can be found at the end of this text. 
Special attention is focused on the applicability for smaller watercourses, which usually react 
very sensitive to changes in the morphological and physico-chemical conditions.  
 
The model can be utilized in a large variety of water management problems. An overview is 
given in Table 1. 



Table 1: Water quality simulation, fields of application 
Fields of application  Comments 
Data analysis Interpretation of measurement data with respect to  

• Extreme values  
• Reasons for periodical and random variations 
• Longitudinal and cross sectional differentiations  
• Reconstructions of missing data in space and time 
Generation of continuous parameter runs of periodical graphs of 
derived from discrete measurements: 
• Longitudinal profiles  
• Time series  
Analysis of data requirements  
• Design and control of monitoring networks  
• Selection and composition of sets of measurement data 
• Required density of measurements in space and time  

System Analysis  • Analysis of sources, sinks and transformation processes, 
relevant for water quality  

• Determination of relevant parameters in physical, chemical and 
biological processes  

Comprehensive 
presentation of water 
quality information and 
simulation results   

In connection with GIS-systems: 
• Presentation of the water quality in space and time  
• Presentation of relevant influences 
• Presentation of cost/benefit relations 

Cause-effect relations for 
management planning 
 
Investigation of the 
environmental behavior of 
priority substances  
 
Environmental impact 
assessment  

• Comparison of results for different planning scenarios   
• Cost/benefit analysis in context with effluent requirements 
• Assessment of advanced requirements with respect to quality 

objectives or uses 
• Design and evaluation of alternatives in the morphological 

restoration of rivers  
• Estimation of the fate of priority substances in river systems  
• Development of measures for achieving the aquatic milieu and 

habitat conditions required for the ecological objectives  
Development of rules for 
systems regulation, 
operational optimization 
and management   

• E.g. regulations in case of accident pollution 
• Design of minimum flow in case of water abstractions 
• Design and optimization of mixed sewer systems and effluent 

allocation  
Development and 
operation of alarm 
systems   

Tracing of accidental pollution in river systems in combination with 
monitoring systems  

 



The suitability of the model for all the applications given in Table 1 could only be achieved 
by a proper design of its overall concept. The model structure is strictly modular and 
consists of six parts: 

 

o Data input 
o Data processing and administration 
o Module for flow simulation 
o Modules for quality simulation 
o Solution of the transport equation 
o Presentation of results 

 
The prerequisite of a general availability of the model and a high flexibility in the application 
has lead to certain specifications and requirements concerning the model in total and its 
parts. Some of these specifications are given in Table 2.   
 
Table 2: Specifications for the development of the water quality model of the ATV-

DVWK  

Simulation of river systems including diversions, water transfer systems, interactions with 
groundwater etc. 

Simulation of static and highly dynamic processes (accidental pollution) 

Integrated flow simulation   

Low numerical dispersion in the solutions of the transport equation  

Modular structure of the model 

Adjustment of the set of simulation parameters according to the requirements of Table 1  

Selection of quality module combinations according to the actual task 

Geo-referenciation of the simulation system including the network of water bodies and all 
structural and regulatory elements 

Reduction of efforts for data acquisition by providing supporting tools (internal database, 
standard profiles, data requirements confined to the selected module combination etc.) 

Easy handling of the model, detailed model documentation, training and support of the 
users 

Long term fitting of the model to the trends and changes in water management practice 
and in legal and administrative frame conditions.     

      



The input of all spatial data at the screen is based on a digitized topographic map, which is 
geo-referenced by the user at the beginning, where all data are attributed with their Gauss-
Krueger-Coordinates. The geo-reference is used for some processes in the model; 
additionally it facilitates the connections to a geographic information system.   
Despite of its high complexity, the handling of the model offers a user-friendly GUI 
(Graphical User Interface) and the implementation, the data acquisition and the application 
is facilitated by several supporting tools and routines. Together with the model the user gets 
a documentation package comprising a handbook, a user manual and a model description, 
which includes all implemented mathematical equations. Moreover the ATV-DVWK is 
offering training courses and a hot-line. In yearly user conferences the experiences derived 
from practical case studies are presented and discussed. The feed back from the users is 
an important source of ideas for further improvements and extensions of the model. 
 
The model includes 18 separate modules as shown in Table 3. They comprise the flow 
simulation and the important physical, chemical and biological processes, which are relevant 
for the overall water quality in water bodies.  
 
Table 3: Modules of the water quality model  

No. Name 

0 Flow 

1 Radiation 

2 Water Temperature 

3 Conservative Substances, Tracer 

4 BOD/COD 

5 Phosphorous 

6 Nitrogene Compounds 

7 Silicate 

8 Diatoms 

9 Green Algae 

10 Zooplankton I 

11 Zooplankton II 

12 Benthic Flora/Fauna (exchange with the sediment) 

13 Suspended Solids 

14 Oxygen Budget 

15 pH 

16 Heavy Metals 

17 Organic Substances 
 
 



The flow simulation is based on the St-Venant-Equations, which are solved completely by 
the method of characteristics. The algorithm for the solution of the transport equation is 
practically free of any numerical dispersion and therefore in particular suitable for the 
simulation of highly dynamic processes, such as storm water discharges.  
 
The radiation is simulated considering all influences from the upper part of the atmosphere 
to the water surface and further down to the bottom of the water column, the sediment and 
back into the water column. The radiation is the basis for the simulation of the temperature 
in the water body and at the sediment as well as for photosynthesis and photolysis. The 
conservative substances are influenced by transport and dispersion processes only. They 
are used mainly for the simulation of tracer experiments and therefore for the adjustment of 
the hydraulic parameters. The BOD is calculated in conjunction with the COD. Both are 
closely connected with several other modules, their breakdown is particularly influencing the 
oxygen contents. In the following three modules the nutrients (phosphorous, nitrogen and 
silicate) are simulated. They are influencing mainly plant growth. The nitrogen cycles play 
additionally an important role for the oxygen balance. The modules 8 to 12 describe the 
development of the flora and fauna represented by the phytoplankton, the sessile 
macrophytes and the phytobenthos as well as the primary and secondary consumers and 
the macrozoobenthos. These modules are highly connected amongst themselves and with 
several others. Together they form an important central part of the model. The suspended 
solids in the next module are influencing the light distribution in the water body as well as 
the adsorptive transport as particulate matter, e.g. of heavy metals. The oxygen balance is 
essential for the aerobic aquatic life and therefore one of the key elements of the model. 
The simulation of the pH-Value is necessary, when the heavy metals were introduced in the 
model and it is governing the equilibrium of ionized ammonia and unionized ammonia. 
Heavy metals and organic priority substances are the last modules. The fate of the organics 
in the water body is described by five processes (such as photolysis), which are activated 
according to the specific properties of the simulated substance. 
 
The modules are highly interrelated with one-another. For the simulation of a task a suited 
combination of modules can be selected. Additionally a large number of options are 
available to provide a proper adjustment of the model to the actual problem structure. In 
order to improve flexibility the user has furthermore the possibility to select or to switch off 
certain functions according to their relevance in the actual case. 
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