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ABSTRACT  

Computer modelling is widely applied to water management practices. However, it has always been faced with 
challenges due to the ever increasing expectations on model outputs, complicated engineering issues, the quality 
of input data and difficulties related to interpretation and presentation of the model results for non-modellers. 

The latest developments in modern information technology (IT) have widely promoted the application of 
geographic information systems (GIS), database technology, and asset management systems to all water sectors. 
The application of IT has significantly improved the computer modelling environment and as a result the 
demand for computer modelling has also increased. Water modelling has developed over recent years towards 
the use of multi-tasking systems which are able to cover a number of environmental issues in a single model.  

Continued urban development coupled with aging infrastructure, increasing environmental awareness, public 
concern and the increased complexity of the decision making processes has significantly widened the scope of 
modelling and lifted the expectations on model results. 

How should we efficiently apply modern IT systems to address the challenges on current modelling tasks? 

Updating modelling concepts is an essential response to this question. Modelling is no longer merely a 
numerical exercise, but based more upon digesting data and information, and interpreting this data  to provide 
knowledge for the engineering decision making process. To achieve a successful modelling outcome, knowledge 
of the modelling approach, assumptions made, use of appropriate new technology and integrated approaches are 
essential. 

The intention of this paper is to provide an overview of universal water modelling techniques and to briefly 
address the challenges to current water modelling, while sharing solutions to these challenges drawn from URS 
experience with various water modelling projects. 
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1 INTRODUCTION  

IT and its application to water modelling has led to substantial developments and dramatically reduced the time 
required to build and run models.  This has allowed for the development of models with more complexity by 
incorporating several conditions, variables or aspects to a model that in the past would have been too difficult to 
include into a system. 

The recent history of computer modelling technology has developed in several methodical stages which can be 
generally grouped into three categories:  

1. Research and development of numerical engine stability,  

2. Database and simple graphical interface applications,  

3. Wider aspect development of system modelling to incorporate GIS data integration.  



 - 2 - 

Several academic terms related to modelling have also been invented which include; Hydroinformatics, 
Knowledge Engineering, Integrated Catchment Study, Neural Network Modelling, etc.   

Where is the modelling leading to, and how shall we be updated to cope with the current modelling 
technologies? This could be a question earmarked in the modelling community. 

2 LATEST IT DEVELOPMENTS FOR WATER MANAGEMENT 

The last two decades have seen a dramatic increase in the development and application of databases, computer 
software technology, and geographic information systems (GIS). These developments have significantly 
influenced corporate management strategies in all water sectors. The use of modern information technology has 
become critical in reducing total operating expenditure and capital costs while increasing levels of service. 

IT has enabled water sectors to build digital systems to include every aspect of the physical network and record 
historical performance data. Typically, a water sector organisation will operate several databases such as: 

·  GIS- network physical parameters, such as pipe sizes, levels, materials and installation dates; 

·  GIS-land uses and other related services; 

·  Asset Management Systems-, asset constructions, conditions, maintenances and repairs. Such as 
Hansen; 

·  Customer databases- customer complaints and various incident records; 

·  Telemetry System- time varied data from monitoring instruments; 

In addition, specialised IT applications normally support the operation and management of these databases. 
Database structure, formatting and data exchange protocols between systems will impact the efficiency of the 
use of the database system. There are several specialised software applications that can assist modelling and in 
some cases can provide excellent data flow control. These applications provide core support for the water 
management information system and form a good base for further system modelling practices with an integrated 
approach. Figure 1 illustrates a typical organisational database framework and data flows to support corporate 
decision making. 

Databases only provide static snap shots of a system at different times. Computer modelling software often 
includes powerful functions that allow access and utilisation of various external databases. Computer models 
are often used to extract all the necessary data and information needed to evaluate a systems performance during 
various scenarios. Figure 1 below is an example of data exchange flow chart in today’s water management 
practice. Modelling is playing key role in maximising the value and use of databases while also providing 
meaningful information for critical decision making processes. 
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Figure 1: Water modelling data flow chart  

The rapid improvement of the computing capabilities allows for the development of more powerful modelling 
software products. The speed of modelling and simulation exercises has dramatically increased and this is 
coupled with improved data import/export functions and comprehensive presentation of the model information. 
Most of the mainstream modelling software products have powerful functions that enable models to establish 
linkages and user friendly interfaces with GIS, asset data and Supervisory Control and Data Acquisition 
technology (SCADA). 

3 CHALLENGES 

3.1 DATABASE STRUCTURE 

Each database manages and is specialised in different aspects of a particular system, and can in some cases 
provide different angles of insight into the system. It is normal practice to employ a number of different 
databases or systems to derive a complete understanding of particular issues that may need addressing, e.g., for 
pipe maintenance purpose, we sometimes need to look at pipe GIS, Hansen Asset Management system and pipe 
CCTV data to understand and evaluate the structural  damage and condition of the pipe.  

Modelling is about interpreting segmented data, information and experience to improve understanding on 
particular issues and to aid in investigation of future trends and engineering developments. Often there can be 
too much data and information available from various sources. Compounding this problem is that data can be 
inconsistent from these various sources, compatibility problems and data quality problems are also common.  

What information should be used for modelling, to what extent should the model be built, and what details 
should be included in the model? 

Efficient use of databases and data exchange/sharing depends upon the software capability. Complicated 
database structure and data quality may cause difficulties when retrieving valid information and data 
verification. A wider knowledge and understanding of the project background and of the data origin and 
integrity is essential. 

GGIISS  

Asset  

Data 
Telemetry 

Data 

Knowledge 

Hydrological Data 

Field 
Survey  

Model 

Asset Survey 

Repairs 

Incidents 

Complaints 

Inspections 

Maintenance 

Network 

Land Use 

Billing 

District Plans 

Customers 

Aerial Images 

Demographics 

Plans 

Strategies 



 - 4 - 

3.2 MODELLING TASKS ARE BECOMING MORE COMPLICATED 

Water modelling is no longer practised in a strictly numerical way.  Instead methods are evolving into more 
intelligent tools that are able to digest and process the large volumes of data available. This can generate new 
knowledge and understanding of the environmental processes occurring and as a result will contribute to and 
support decisions made in this area.  

The wealth of data available, increasing public awareness, expectations of high levels of service and the 
widening interest in modelling has pushed the results application to a very detailed level. As a result the 
modelling tasks are becoming increasingly complicated with outputs being expressed in a meaningful manner 
that decision makers can use.  

Models are often applied throughout planning, design and operational stages of a project to provide in depth 
information related to the investigation. The focus and characteristics of each task are different. The way in 
which we utilise the available data and define the model parameters and extent is often critical. Appropriate data 
use and model set up relies on expert knowledge and experience with modelling methodologies. 

Powerful software functions help an experienced modeller to integrate and navigate segmented data and 
information to understand the real issues and build a model in a short time period.  However with the use of an 
automated approach there is an inherent possibility that mistakes can easily be incorporated into the model and 
consequently in the results. Carrying out water modelling tasks now requires a great deal of input from GIS, 
asset management systems and SCADA, while also relying upon an operator with a sufficient knowledge of, and 
experience in modelling related disciplines to minimise the probability of inappropriate model inputs and hence 
erroneous outputs. 

Software is not able to solve the intrinsic engineering questions which still require critical thinking, good 
judgement and experienced people. It is common practise that a modeller imports data from GIS or another 
source, builds the model, calibrates the model by assuming various parameters or even modifies the model by 
some degree of justifications. The management and control of this modelling procedure requires a high degree 
of skill and experience. 

4 FACING THE CHALLENGES 

The power of the latest modelling software, the wealth of data and information hosted in GIS and asset 
management systems are providing a good basis for water modelling. The key to delivering successful model 
results are the skills of applying data integration technologies along with knowledge of the engineering issues. 

From our successful experience, the key aspects are addressed below with relevant examples. 

4.1 KNOWLEDGE BASED MODELLING PHILOSOPHY 

Data is the source of knowledge, but how can the right knowledge be applied in every stage of modelling? 

4.1.1 DATA VERIFICATION 

Data anomalies are common once all the data is compiled together. It is important to carry out data verification 
processes especially during the model build and calibration. 

Data verification may include data consistency, reliability and reality checks. This may require some degree of 
experience and engineering knowledge on the data background. 

At least a proportion of the measured data from Telemetry and the flow survey is likely to be incorrect. Field 
measurement methodology, instrument calibration, site physical conditions or data conversion may introduce a 
series of system errors. Performing data quality checks and assessing statements for calibration is always 
advisable.  Data verification could be very critical in some cases. There is no common standard for this, but 
knowledge and experience are once again the key aspects to achieving good verification. 
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4.1.2 MODEL BUILD  

Modelling is no longer just a mathematical practice, but instead is a tool used for solving engineering problems 
and understanding the implications of engineering projects such as urban development or pipe upgrades. 
Understanding the issues pertinent to the task is important to building an appropriate model and delivering 
successful results. Modellers need to comprehend and have consideration for a wide range of technical aspects 
related to the subject being modelled. Without fully taking the issues into account, the model and the results 
may not lead to the effective solutions. 

Often historical problems or incidents, such as pipe burst or low pressure in a water supply system, are recorded 
in an asset management system or a database. There are huge amounts of information available for a modeller to 
quickly assess and understand the problems in the model build, rather than just using the links and nodes 
physical parameters for the model build. 

Unnecessary model skeleton or inappropriate schematisation, especially on key components, may be critical. An 
example shown on Figure 2 is from a catchment flood mapping project. The GIS pipe data shows that 
stormwater in the hilly catchment is collected by a big diversion pipe and discharged directly to the bay. It 
appears that the study catchment boundary should be along this diversion pipe line. This is true for design 
events where the water is confined within the pipe system. However for flood risk mapping in extreme events, 
this condition could be complicated by excess stormwater overflow from the hilly catchment across the 
boundary and causing flooding in the study catchment. In this case, the definition of the catchment boundary 
and network extent could make a big difference to the flood mapping results in the flat study catchment.  

 

 

 

 

 

 

 

Figure 2: example of Stormwater Catchment Boundary Definition 

4.1.3 MODEL CALIBRATION 

To what extent can we consider a model is well calibrated? 

Observed data is normally used for model calibration. Once a model is calibrated by observed data, it is then 
considered reliable and used for various scenarios.  

There are two issues we need to think about: 

1. limitation of the model in both model configuration and extent 

2. limitation of the observed data in both range and accuracy 

Extreme events are often used during modelling for planning purposes. Most systems do not have good coverage 
of time varied data or data near the design events for model calibration. Using stormwater flood risk mapping as 
an example; field flow survey is not likely to capture a major event such as a 50 year storm event over a project 
period of few months. Model calibration with such short term data can only demonstrate the confidence of the 
model under normal situations. Verification with historical flood incident records, or flood survey information 
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will be needed. In some cases where no sufficient data is available, comparison of hydrological and hydraulic 
parameters with similar catchments could be helpful. 

IT has made it easy to access GIS data and retrieve useful information to present model results in a commonly 
understandable way. Model and results presentation with GIS information helps to understand the model data 
and the problems behind the data. Historical incident or customer complaint records displayed against similar 
model scenario could examine the model over the normal observed data range and further improve the model 
confidence.  

Figure 3 is an example from a flood risk mapping project. In this example, the model predicted flood map was 
compared against reported historical flooding locations. Historical flood incident records are shown in red 
squares. They match the model predicted flooding extents fairly well. Although this is not a proper model 
calibration against measured observed time series, this tested the model in extreme conditions, improved model 
confidence and best utilised the historical information for model verification.  

 

Figure 3: Flood Mapping Vs Historical Flood Incident Records 

4.1.4 ENGINEERING CASE 

This example demonstrates the importance of understanding the engineering background and proper 
interpretation of model results. Data validation at critical stage also played a key role in leading to the correct 
conclusion.  

The example in question is a pressurised raw water supply system that was built approximately 10 years ago. 
The production of the system could not reach full design capacity and was found to be about 10% less than the 
design capacity which was tested at the project completion. This reduced supply capacity is a limiting factor in 
the production of the water treatment plants it provides water to. The critical questions then are:  

·  Was the design capacity over estimated by about 10%? 
·  Are there any problems in the system that is causing a decreasing supply capacity? 
·  What could the problems be if there are any, and is the problem global in the system or in particular 

locations?  
 

The answers to these questions could make a significant difference financially, as this 10% of extra capacity is 
equivalent to a water source plant of considerable size. 

A very detailed network model was built to verify the design parameters and supply capacity. The model was 
also intended to be calibrated with flow and water level survey data in order to test various scenarios to analyse 
the possible causes. 

Figure 4 is a long section view of the surveyed water level profiles along the main line at every time step during 
the observation. The hydraulic grade line at the reach around point C6 (at distance 12,260 m) shows a sudden 
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drop, but pipe size and flow in this reach are the same as those in the upstream and immediate downstream.  
This is spotted out with questions. 

The Pipe sizes after chainage 20,000 m are smaller with a special control structure to cross a river, The sudden 
drop of hydraulic grade line at this reach (the last 2 survey points) is considered reasonable due to high 
headlosses. 

 

Surveyed Hydraulic Grade Line Snap Shots
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Figure 4: Observed Water Level Profile 

The original design capacity was verified and believed to be consistent with the network model. However, the 
model with original design parameters could not reach acceptable agreement with the flow survey data for the 
calibration. 

Model calibration was then carried out with various sensitivity tests and likely system problems.  

Of the many scenario tests, the two tests, one with pipe roughness value of 0.016(See Figure 5), and another one 
with possible long time sediment deposition depth of 500mm(See Figure 6) are the closest result sets to the 
observed data sets. Water level error for most points are within 10cm, however, survey point C6 (Chainage 
12,260m) has error over 60 cm in all simulations.  

Due to the nature of this project, it was not acceptable to simply exclude this significant error at Point C6 in the 
calibration, because this may indicate a localised problem that might result in the capacity reduction, which was 
presumed before the modelling exercise. Various combinations of assumptions of the “problems” were tested, 
but none can reasonably demonstrate this assumption.  

Calibration reached a dead end? 

Manual headloss calculations using the Manning Formula were then carried out for review purposes. Both 
modelled and surveyed water levels match each other by using the same parameters, excluding Point C6. Table 
1 lists the pipe parameters and Table 2 is the calculation of headlosses by varying manning n values. It 
demonstrated that even the pipe n value is 0.01 which is almost as smooth as glass, headloss between C6 and C7 
should be about 0.38m, but the observed value was only 0.15m. It clearly demonstrated that the observed data 
for C6 and (or) C7 has errors. The model results are consistent with the observed data for the rest of the survey 
points.  

This finding doubted the previous assumption that a localised problem near C6 existed and excluded a 
conclusion that the pipe near C6 was having problem and causing the reduction of system flow capacity. This 

C6 
C7 
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indicated that a global problem was more likely happening. The global problem could be sediment deposition, or 
a biochemical reaction that was increasing the pipe surface roughness. 

 

 

Modelled Scenarios-Hydraulic Grade Lines
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Figure 5: Sensitivity Calibration with Roughness Values 
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Figure 6: Sensitivity Calibration with Sediment Depth 

 

Table 1: Pipe Parameters 
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Table 2: Pipe C6-C7 Headloss Calculation with Manning Formula 

Manning 
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4.2 USE OF PROPER MODELING TECHNOLOGY 

The complexity of issues often needs proper software tools and an appropriate way to represent the physical 
system in the model. Latest software development has made it possible to carry out sophisticated system 
modelling or large scale complicated environmental modelling which covers a number of specialized modelling 
systems. 

4.2.1 2D FLOOD MODELLING 

In urban flood modelling, historically modellers were using pipe networks with an overlay of overland flow 
paths defined based on the ground/terrain model. The connection conditions between manholes and overland 
flow paths, the route and the shape defined for overland flow paths and the schematisation of the varied sub-
catchment conditions between storm events will be sensitive to flood maps. Specific technical limitations of the 
selected modelling software may also cause substantial differences. In this case, people sometimes use manhole 
water levels to predict flood extents in GIS which will introduce further human errors in judgment of the flow 
boundaries. 

2D urban surface flood modelling is a quite mature technology now. In this case, a 1 dimensional pipe network 
model and a 2 dimensional shallow water, ground surface flow model are coupled. Overland flows only happen 
when manholes are full. Overland flow direction, flow depth and velocity will be automatically defined by a 
dynamic 2 dimensional model and the ground model on which it is based.  

This methodology can more accurately produce critical information, highlighting different risk zones for further 
flood risk management options. As shown in Figure 7, this method can also more accurately predict overland 
flow path extent and high velocity zones. It is not possible to achieve these results with a traditional one 
dimensional schematized overland flow path methodology. 
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Figure 7: 2D Overland Flow Example 

 

4.2.2 REAL TIME MODELLING 

When system operation becomes a critical issue, such as system control optimisation, or sizing new water 
storage tanks and pumps in a water supply system, proper real time control strategies are essential in order to 
evaluate new system performance and optimise the operating options.   

This will involve real time control (RTC) modelling which simulates the real system operation or control 
scheme. Computer software nowadays has powerful functions on this aspect; it is even possible to automatically 
update system control data and boundary conditions by using a Telemetry backup database.  

Model applications in Control Rooms for operational evaluation or emergency response strategies are also 
possible.   

4.2.3 OPENMI-OPEN MODELLING INTERFACE 

OpenMI (www.openmi.org) is a free software product developed by a number of organizations in Europe under 
an EU fund. Essentially, the OpenMI standard is a software component interface definition for the 
computational core (the engine) of the computational models in the water domain. Model components that 
comply with this standard can, without any programming, be configured to exchange data during computation 
(at run-time). This means that combined systems can be created, based on OpenMI-compliant models from 
different providers, thus enabling the modeller to use those models that are best suited to a particular project. 

For example, with OpenMI, it is possible to link a pipe reticulation model with a river model to simultaneously 
exchange and update boundary conditions at every time step during model simulations. For complicated 
environmental issues which involve a number of different models in different software products, using OpenMI 
to link these inter-related models for study will remove critical uncertainties due to boundary conditions.  

4.3 INTEGRATED APPROACH 

GIS and other external data sources are often needed to assist in presenting model results and updating the 
model when necessary. Unfortunately there are many cases where once a model is built, the link between the 
model, asset date and GIS is lost. This creates problems for future data exchange, model maintenance and 
update.  

Mature technology is available now to integrate all these closely related systems with the corporate management 
system. This will enable all the information and knowledge to be accessed efficiently and shared by the whole 
organisation, thus maximising the values of the models and the information system. 

Integration is not just about considering all aspects across different systems or use of all the information from 
various sources. The essence of the integration is to logically build and maintain links or database exchange 
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protocols between model, GIS, asset management system, Telemetry system or other corporate systems in order 
to share information and update in the future efficiently. However, integration needs a clearly well structured 
corporate information management system with well defined boundaries between databases. 

The Dunedin City (DCC) 3 Waters Strategy project is currently being carried out under this integrated 
management approach. Previously, DCC had already built corporate GIS, Hansen Asset management systems, 
and other database such as incident records and customer complaints. But these systems do not “communicate” 
with each other efficiently and it has been a challenge for users to quickly access the information when needed 
and understand problems or issues in their entirety. 

In this 3 Waters Strategy project, an integrated approach is being adopted at every stage. Water, stormwater and 
wastewater are all modelled in the same multi task modelling platform, which can effectively share data and 
information with the corporate GIS and asset management systems.  Highlights of the integrated approach of 
this project are: 

·  DCC is establishing a risk management based approach for the 3 Waters best management practice. The 
management goal is to minimise the total costs for owing and operating while maximise the level of 
services.  

·  All models are built on the same software platform with the same interface and data management 
structure. The same project management and future model maintenance and upgrade procedure can be 
developed.  

·  Other than modelling, building data sharing, exchange and control mechanism between all models, GIS 
and Asset data, or namely data integration framework is a key feature. Specialised software products 
and technologies are applied to achieve this purpose. This increases the efficiency of accessing the data 
and results, increases the usability of the whole corporate information system, as well as maximises the 
value of the models and the information system.  

·  Due to the data integration, a full picture of the current system is now being quickly gathered from 
different data sources, and better solutions could be achieved. Model results are presented in a 
comprehendible template, and can directly answer concerning questions in detail for policy and decision 
making and could potentially be extended to wider customised applications.  

·  Without this, it is not possible to fully understand the current situation from databases and it is difficult 
to define an acceptable level of services or to perform further effective risk assessments. 

·  Knowledge databases are built to be upgradable to provide continuous improvements and references in 
similar areas within Dunedin. For example, exactly the same definition of land uses from GIS district 
plan is used for stormwater catchment land uses. Each land use will then be broken down to pervious 
and impervious surfaces and hydrological parameters will also be defined for each surface unit. Once 
these hydrological parameters are calibrated, they become part of the catchment land use hydrological 
knowledge database that could be used as reference in other catchments in the future. Same as in water 
supply and wastewater, these knowledge databases will bring DCC benefit for future management. 

·  This project requested and stimulates to improve the structure and quality of the information 
management system for future maintenance, management and update.  

·  In long term, this will improve the level of services and reduce the risk of operation and costs for 
management.  
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5 CONCLUSIONS  

Recent IT technology developments have helped create a comprehensive new modelling environment. The 
details and complexity of current modelling tasks require modellers’ knowledge across a number of disciplines 
and a sound understanding of engineering issues. Experience with appropriate modelling technology is also 
necessary to best utilise and integrate all related data and information at every stage of the modelling process 
and resultant application.    

Examples shown in this paper demonstrate the importance of adopting current modelling concepts to guide the 
modelling practice. The challenges facing the modelling community are to update ourselves with both 
engineering knowledge and new IT technologies, as the boundary between computer modelling and engineering 
knowledge is diminishing. Advanced IT technologies can only be best utilised with sound engineering 
principles, on the other hand, however,  the effective solutions of in-depth engineering problems may also be 
best achieved with proper IT technologies. 
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