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Abstract: In Finland, a new information system (VEETI) on water services is under implementation. The target in this system 
development is to provide good basis for information management for water utilities as well as to improve reporting 
and dissemination about water services for authorities and private consumers. VEETI will integrate the data of water 
utilities with all Finnish utilities and national water service information systems. This gives a good basis for decision 
making in every day operation as well as in assets management. The system is owned by the Ministry of Agriculture 
and Forestry and implemented and operated by Finnish Environment Institute (SYKE). The aim of this study is to 
research data and knowledge management needed for administration of advanced water supply and sanitation. To 
reach this objective the study is divided to three parts: a) a literature survey of the corresponding studies b) a thorough 
study of the needs in data and knowledge management in Finnish municipal water sector and c) an assessment of the 
impacts of the new approach and system. The research was done beside the implementation of the information 
system, and good basic data was received by questionnaires, workshops and interviews of the stakeholders and 
experts. This study is performed using action research method for getting an approach to the research question. The 
results and conclusions were, that in an open community important public services, including water supply and 
sanitation, need such advanced information systems that enable information management not only in operation of the 
water organizations and plants, but in assets management, control, supervision, reporting and dissemination of 
performance. 
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1. INTRODUCTION 

Data and information management is vital for appropriate operation and management in urban 
water utilities. In small utilities it is possible to manage with data processing based on Excel tables 
and calculations. In large utilities with large water and wastewater treatment plants and extensive 
and complicated pipe and sewer networks Excel sheets are not sufficient for managing large amount 
of data to get proper information for operative decision making. Improving plant performance needs 
organized databases not only on own treatment plants but also other corresponding plants for 
comparing and benchmarking purposes. 

In Finland, urban water supply and sanitation services are a responsibility of a municipality 
according to Water Services Act. There are about 600 municipal water utilities taking care of urban 
water supply and sanitation to the citizens. In rural areas there are small water utilities, which are 
mainly cooperatives managed by people living in the area. The amount of this kind of small water 
utilities is almost one thousand. Due to this big amount of organizations and different kind of 
management and administration, a centralized water supply and sanitation statistics is a challenging 
task. The last Water Services Act (2014) states a water information system that is upheld by Finnish 
Environment Institute. All water utilities, that have a sphere of operation confirmed by the 
municipality, are responsible to supply their data into the system. 

In Finland, a new information system (VEETI) on water services has been implemented and 
started in the beginning of 2016. The target in this remarkable system development, in addition to 
the requirement of the legislation, is to provide good basis for information management for water 
utilities as well as to improve reporting and dissemination about water services for authorities and 
private consumers. VEETI will integrate the data of water utilities with all Finnish utilities and 
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national water service information systems.  
When developing VEETI the following aims have been set: 
§ integrated data entering for water utilities 
§ information controlled by the utilities; better data quality 
§ good reporting system for all stakeholders 
§ proper information for decision making 
§ to enable proper assets management 

2. METHODS 

The problem and main question in this research is that what kind of additional value can be 
achieved with advanced data and knowledge management in municipal water sector, and how needs 
of different stakeholders can be taken into account when implementing the system. In this paper, the 
problem is approached with a method of action research (e.g. Kemmis and Wilkinson, 1998) by the 
author and his project group. Action research method is often applied in organization development 
projects, but its philosophy can be applied also in other development processes. This method has 
been applied successfully in software developing in Latin America, Spain and Portugal (Pino et al., 
2013) and adoption of information security systems in Portugal (Lopes and de Sa-Soares, 2013). 
One purpose of this paper is to describe the case of Finland for filling in the gap in presentations of 
information system development of urban water supply and sanitation. Role of the author of this 
paper is a project manager in implementation of the system and an expert of urban water supply and 
sanitation. The author has been active in the workshops, interviews and questionnaires when 
collecting data for this study as well as in definition of the new information management system. 

The aim of this study is to research data and knowledge management needed for administration 
of advanced water supply and sanitation. For reaching this objective the study is divided into three 
parts: a) a literature survey of the corresponding studies b) a thorough study of the needs in data and 
knowledge management in Finnish municipal water sector and c) an assessment of the impacts of 
the new approach and system. The research was done along the implementation of the information 
system, and basic data was received by questionnaires, workshops and interviews of the 
stakeholders and experts. Action research method was used by making an identification of the 
situation, then making a scenario of the objective and assessing the effectiveness with a group of 
coming users of the system, and finally by planning how this new system will become an 
established practice. Data security and quality aspects are processed in other projects and they are 
not considered in this paper. 

3. DATA AND KNOWLEDGE MANAGEMENT IN WATER UTILITIES 

3.1 Water services system 

Urban water services contain water uptake from natural waters, water treatment, drinking water 
distribution and use, wastewater collection and conduction to a wastewater treatment plant, 
wastewater treatment and purified wastewater discharge back to natural waters. The water 
infrastructure includes also storm water management, which makes the wholeness even more 
complicated. Storm water system is not included in this paper. In Finland water supply and 
sanitation systems can be defined in four categories; individual systems for one household, 
coalitions for several households, e.g. cooperatives, municipal water utilities and large water 
utilities for several municipalities. This paper deals with urban water supply and sanitation and uses 
the term of municipal water services. The municipal water service system is described in Figure 1 
outlined by author. The system in the figure is much simplified and all single subsystems contain 
remarkable amount of structures, technology and data management. 
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Figure 1. System description of municipal water services 

The municipal water service system is inside the natural hydrologic cycle. The source of water 
supply is a river, lake or groundwater and its yield is dependent of local hydrologic conditions. The 
water supply and sanitation infrastructure and technology is constructed inside the water service 
system and it is managed by a water utility. The water utility might be an organization inside a 
municipality, a municipality owned enterprise or privately owned company or cooperative. The 
assets are owned by a municipality or the company and it is managed by the water utility. To 
understand the problem of water service business and assets management it is essential to master 
the total physical and institutional system. In Finland, as well as in Sweden, institutional approach 
is combined water and wastewater utility according to the concept Integrated Water Resources 
Management (IWRM) (Katko et al., 2010). With this approach integrated data and knowledge 
management is also easier to apply than in a separated organization. 

The water utility works in the real world with its natural, legal and institutional conditions, assets 
and economy. For combining these conditions for benefitting the utility, community and the 
customers, structured and flexible data and knowledge management is needed. This kind of systems 
might be manual handwritten booklets, as in several small water utilities, but when the amount of 
people connected to the water system increases, the more requirements are given to the information 
systems. The Water Supply and Sanitation (WSS) is community service which affects social 
welfare, health and environment, so the continuous knowledge of the performance is essential. 

The building of a data management system starts from the utility. Usually water utilities have 
some kind of water quantity and quality monitoring, pumps and valves with automatic control, 
assets management system and accounting system. These systems help the utilities to optimize their 
own processes for efficient performance. For understanding the whole picture in for example one 
region or country the data must be compiled unambiguously and it has to be comparable to other 
similar utilities. This needs nationwide knowledge management systems and wide involvement of 
stakeholders (e.g. Dalcanale et al., 2011). This kind of system is also needed for enhancing proper 
nationwide integrated water resources management. For example an investment, operation and 
maintenance cost analysis made in Colombia (Patiño Gómez and Lara-Borrero, 2012) would benefit 
from comprehensive data and knowledge management system including operation and maintenance 
costs and tariffs of water utilities. It is also needed in EU level when monitoring implementation of 
water framework directive (WFD) and urban wastewater treatment directive (UWWTD) as 
described in Kristensen et al. (2013). A process benchmarking system is used for comparing the 
performance of utilities using some key performance indicators. Seppälä (2015) has studied 
different systems in Nordic countries and recommends the utilities to prepare themselves for smart 
technologies in future. Singh et al. (2014) made the same conclusion in their study in India. 

Gine-Garriga et al. (2013) discovered that strategic planning and appropriate development and 
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management in water supply and sanitation need proper data and knowledge. Well exploited 
information helps in performance assessment, benchmarking, assessment of strategies, planning of 
resources and decision making (Gine-Garria et al., 2013). They indicated that problems are the 
difficulty in comparison due to the differences of indicators, poor reliability of data, poor quality of 
data sources and statistical problems in spatial data processing. Dalcanale et al. (2011) took in their 
system development process several stakeholders, as researchers, teachers, managers and non-
government organizations and gained a common beforehand planned water quality information 
network. In the Netherlands the basis for a new information system was assets management of the 
infrastructure and a framework of tools and methods were developed (van Heck, 2010). In Slovenia 
Banovec (2006) indicated that data management in water supply and sanitation give besides 
monitoring reports also benefits in spatial planning and health planning. 

Knowledge management has been defined in several different publications. According to Duhon 
(1998) "Knowledge management is a discipline that promotes an integrated approach for 
identifying, capturing, evaluating, retrieving, and sharing all of an enterprise's information assets. 
These assets may include databases, documents, policies, procedures, and previously un-captured 
expertise and experience in individual workers". This is one very frequently cited definition of 
knowledge management (KM). It includes quite well all non-material property that an organization 
owns. Binney (2001) studied the value of investment in KM. Tiwana (2000) studied KM and tacit 
knowledge in organizations and indicated that a critical issue in adapting KM are awareness and 
desire to adapt a new way of working. Hence, human behavior is critical issue and that indicates 
that the technical systems should be easy to use and give illustrative reports. 

Mvulirwenande et al. (2000) applied knowledge and capacity development (KCD) in 
performance improvement of water supply. They concluded that technical performance should be 
separated from competence development due to their different time scale in performance 
improvement activities. In WSS systems the reliability of the data is critical and a significant risk. 
There are numerous methods and equipment that gives continuous data, but the problem is human 
resources which should be able to control and qualify that data to proper information. Liu et al. 
(2013) emphasized the importance of determination of origin and trustworthiness of data.  

A simplified diagram of the institutional framework in municipal water services is illustrated by 
author in Figure 2. On the left there is the infrastructure of water services, on the right the customers 
and other stakeholders. The oval part in the middle describes the methods and institutional 
procedures for organizing the service to the stakeholders. The figure tries to simplify the complex 
system. 

 

Figure 2. Illustration of institutional framework of municipal water services 
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3.2 Water infrastructure assets management 

Assets in infrastructure have deteriorated in last few decades in Finland (RIL, 2013). This 
problem includes also assets of water supply and sanitation; constructions, structures and pipeline 
networks. MAF (2008) studied the state of water pipe and sewer networks and the renovation debt 
of them. It stated that water utilities in Finland renovate their networks less than one percent of the 
total amount, which means that they will be renovated only once in more than 100 years. 
Appropriate pricing policy is one pre-requisite for improving water services infrastructure (Hukka 
and Katko, 2015). For managing the assets and having organized and systematic maintenance 
programs, good data and knowledge systems are needed. VEETI system is planned to give 
assistance for this. Pipeline information, materials, lengths and annual renovation amounts, are 
stored and reports give key indicators needed for planning and decision making. 

Scheidegger et al. (2013) studied predictions of the expected number of failures of water 
distribution network using advanced data management with probabilistic pipe failure models. Using 
models and mathematical methods in predicting failures requires reliable updated information about 
replaced and renovated pipes. This is one feature applied in the VEETI system. It gives trustworthy 
information which can be used in failure analyses. Breeveld et al. (2013) compared water operator 
partnerships and institutional capacity development for urban water supply in the Netherlands and 
Malawi, and indicated that improved information gathering and data management support allocation 
of investment and budgeting of operation and maintenance. In Portugese water utilities 
Infrastructure Asset Management (IAS) was developed by advanced data management (Feliciano et 
al., 2014). They concluded that data management was important in assessment of performance 
indicators. 

4. CASE STUDY: FINNISH NATIONAL WATER INFORMATION SYSTEM FOR 
WATER SERVICES  

4.1 The VEETI system and its development 

A new national WSS information system (VEETI) is currently built up and its operation started 
in Finland. This system is owned by the Ministry of Agriculture and Forestry (MAF) and operated 
by Finnish Environment Institute (SYKE). MAF set the goal for the system as following: 

§ integrated data entering and management for water utilities 
§ information controlled by the utilities; better data quality 
§ good reporting system for all stakeholders 
§ proper information for decision making 
§ to enable proper assets management 
 
These goals are supported by the basic ideas of integrated data management and knowledge 

management. There are a lot of different national data management systems and databases for WSS 
in Finland. There are separate systems for drinking water quality, wastewater treatment and 
emissions, groundwater survey and watercourses. Finnish Water Utilities Association (FIWA) has 
also a benchmarking system for its member organizations (Seppälä, 2015). These systems are 
separate and they communicate with each other only in very rare occasions. The new system will 
integrate this information so that the user has got easy access to the data and good possibilities to 
create information about performance and economics of water services for their information as well 
as for decision making. The users of the information system get access via digital identification 
process and all citizens have access to the public data of the system via internet. The chart of the 
system is illustrated in Figure 3. 

Applying the steps of action research method, the implementation of the VEETI system is 
divided into three steps; planning phase, transformation (or action) phase and results phase. In the 
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planning phase preliminary diagnose of the current situation and future needs were made in 
workshops and interviews including wide range of stakeholders. Data for action planning was also 
gathered by questionnaires and analyses of current information systems in water supply and 
sanitation used in Finland. Action planning was made by an expert group including experts in water 
supply and sanitation as well as in data and knowledge management. 

 

Figure 3. New national WSS information system 

Second phase, transformation or in this study the action phase, was implemented by the expert 
group, however, in contact with the stakeholders. Especially in the learning process, when the 
behavioral changes were assessed, the coming users and beneficiaries were in an important role. 
The changes in behavior are quite large due to the data management, in future, will be performed in 
the source of the information, in the water utilities. In the current situation the data has been sent to 
the central authorities for entering it into the system and making the reports. Action planning and 
action steps in this phase were performed iteratively in few cycles. The preliminary plan was made 
and assessed by the expert group and then appraised by a steering group including representatives 
of the stakeholders. Before the beginning of the implementation of the system, actual programming, 
the feedback was taken into account and the second version of the plan was made. The first version 
of the system was built up according to this plan. This version was tested first by the expert group 
and then by a selected group of coming users; 12 water utilities and 12 regional water authorities. 
After this the next version of the system is programmed. In few new updating loops the version to 
be released for the users was completed. 

The final phase is to assess the results of the project. When writing this paper this phase is not 
yet realized. However, the changes in behavior are known and in this phase it will be important to 
plan how to measure the results. The performance indicators are defined and a plan to measure them 
will be done. Data gathering for analyzing the new situation according to performance indicators is 
implemented. Necessary adjustments are then planned according to the results of this analysis. 

The users of the VEETI system have participated in the planning process. A questionnaire about 
data communication was sent to 65 utilities and 45 (69 %) replied. The main task in the 
questionnaire was to survey the willingness and possibilities to organize a digital data transfer 
system for data entering and receiving. This would give easier and more reliable processing of 
annual data. The result was that big utilities impressed willingness to organize and pay for this kind 
of service (50 %), but medium size (25 %) and small utilities (0 %) were not so eager to do that. 
However, the technical possibilities for a digital data transfer system were better. During the 
planning process three workshops for users and stakeholders were organized and requirements and 
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wishes were discussed and registered. During demonstrations and user tests opinions and views 
have been received directly from the users. Conclusions of the discussions and interviews show that 
most important features are considered as a) the system should be an integrated and open system, b) 
benchmarking should be easy and illustrative, c) the system should assist in reporting to the 
authorities and d) the data must be reliable. This kind of engagement of stakeholders has also been 
used in Australia when planning a decentralized water supply systems (Moglia et al., 2011). They 
used system analysis for knowledge management in a socio-technical and institutional learning 
process. 

VEETI provides basic data management and some advanced features to maintain operative 
information and receive information about performance of the plants and networks as well as 
economics of the water utility. This gives a steady basis in utilities’ knowledge management in their 
everyday operation and development of their performance and finances. When succeeded it 
provides both utilities and government organizations better definition of water services strategy and 
policy. 

4.2 Discussion and assessment of the results 

The VEETI system was ready for users in the beginning of 2016 and the 2015 data will be the 
first annual data set to be entered into the system. As described earlier, the new procedure is that the 
water utilities use this system themselves and they are, according to the new Water Services Act, 
responsible to enter their data into this national data management system. This procedure is much 
more effective and flexible than the current system, and gives the water utilities as well as other 
stakeholders a real possibility to manage the data and knowledge of water services. The added value 
compared to the current centralized system is not only in a more advanced data management, but 
also in this decentralized responsibility. Through this procedure the data and information that is 
disseminated will be more reliable and useful not only for water utilities, but also for authorities, 
researches and citizens. 

5. CONCLUDING REMARKS AND SUGGESTIONS  

It is obvious that a new approach to data and knowledge management should be put into 
operation, not only in scientific studies but also in practice. In this study targets of different 
stakeholders were considered for achieving the idea of an information system that could give 
benefits to WSS service providers and users. This study is utilized in real information system 
implementation process and user requirements are taken into account when gathering data by 
questionnaires, workshops and interviews. According to these results, the basic issue is that the data 
is reliable and it gives illustrative performance indicators. This will be achieved by data entering in 
its source (water utilities) and benchmarking with other corresponding organizations. One actual 
and important issue in Finnish WSS field for the time being is the assets management of the WSS 
infrastructure. By the new integrated VEETI system it is assumed to get added value from 
information management for future assessment and planning of the investments of constructed 
infrastructure. For achieving benefits for all stakeholders, the implementation process needs 
continuous communication with prospective users. An advanced present-day data system has to be 
open so that all public information is easily achievable. Water supply and sanitation is among 
important community services affecting health, welfare and environment, and the information 
should be available for everyone. 

In the study it became obvious that different WSS information systems were expected to be 
integrated. In real life, however, the systems have been developed in different times and places, so it 
is not a very flexible totality. Also the water utilities vary much from each other and they have 
different expectations. This makes it difficult to define one compatible set of systems to please all 
utilities as well as other stakeholders. This kind of study is anyway useful for developing a practical 
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national WSS information system. Before introduction of the new system it is important to widely 
identify the future needs so that ongoing integrated system development will succeed. The analyses 
made in this study give the project team a great confidence that the new information management 
system will enable all stakeholders to receive useful nationwide information about water services. 
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