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Executive Summary 

Deliverable 1.1 (D1.1) describes the generic water taxonomy that was developed for the Water 

Enhanced Resource Planning “Where water supply meets demand” (WatERP) project. The work 

presented in this document is the result of a long process of information gathering for the pilots that 

includes interviews, meetings and information auditing.  

Based on the system users and needs, problem description, and vocabulary used by domain experts 

from the water supply management field, this deliverable summarizes the requirements and the initial 

taxonomy base that will enable a coherent, comprehensive and well-defined ontology to be constructed. 

Although several different water ontologies already exist, they were designed to facilitate access to and 

exchange of hydrologic (and related environmental) monitoring data. While they encompass in a very 

comprehensive manner the natural water cycle elements, they do not include elements associated with 

the actual management of the water resources or the humanly constructed infrastructure that interacts 

and alters these natural water processes. The natural water cycle circulates, stores, cleans and 

releases freshwater that is used by humans for consumption, powering energy and the economy, and 

sanitation. However, because nature alone cannot guarantee water security for people, humans have, 

over the years, engineered complex water supply distribution systems that artificially reduce the natural 

variability of water quantity and quality through the construction of built infrastructure such as reservoirs, 

dams, canals, treatment plants, etc. This human built water infrastructure increases the guarantee for 

access to clean, safe water, and modulates the flows to better match the human water needs 

temporality. However, this artificial infrastructure interacts with the natural environment, such that where 

existent, both must be taken into account when managing water supplies. Given the focus of the 

WatERP project on improving water supply management decisions to help attain more efficient, 

effective and integrated water resources management, the taxonomy and ontology that will be 

developed will make use of the previous water ontology developments, but will go a step beyond by 

incorporating the man-made elements as well, in order to achieve a representation of not only the 

hydrological knowledge but of the entire water resources management domain. 

The novelty of the WatERP project lies in the fact that by including the man-made water infrastructure 

elements, along with other factors that while not hydrologic in nature affect how water resources are 

managed, distributed and used (such as socio-economic factors or water supply distribution 

constraints), in the taxonomy (and ontology) developed, that this ontology will be able to support 

domain expert users in their decision making processes and enhance comprehension of the water 

supply systems upon which it is applied.  

It should be noted that the taxonomy (early stage of the ontology) presented in this document will be 

incrementally enhanced and refined throughout the WatERP project. While the intent is to develop 
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generic tools that could be applied in any water supply distribution chain context, the project prototypes 

will be based on the pilot cases which will provide a real-world confirmation as to their validity. 

Future work to be accomplished is to enhance the taxonomy with semantic elements (properties, data 

types, annotations, axioms, etc) towards complete ontological definition (WatERP ontology). Thanks to 

the iterative methodology applied into the ontology construction, taxonomy and ontology could be 

expanded (adding, removing or modifying elements) as needed. On the other hand, the next steps to 

model the ontology consist in (i) defining domains and ranges, (ii) defining ontology restrictions and (iii) 

performing the ontology mappings with external data models, that is, with Consortium of Universities for 

the Advancement of Hydrologic Science (CUAHSI), Semantic Web for Earth and Environmental 

Terminology (SWEET) or similar ontologies on which they can be reused. 
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1. Introduction 

The primary objective of the WatERP project consists of improving the matching of water supply and 

demand within water supply distribution chains. While many optimization, planning and monitoring 

software tools have been developed and are currently used, such as hydro meteorological forecasting 

and hydrologic and hydraulic models, decision support systems for reservoir and hydraulic 

infrastructure operations, and real-time monitoring and control systems for water treatment and 

distribution, these systems are not usually interconnected and therefore cannot communicate between 

one another . 

The idea in this project therefore consists of establishing an Open Management Platform (OMP) that 

will enable information from each step of the water supply distribution chain to be integrated into a 

unified knowledge base on water supplies and water usage. This knowledge base will provide a 

continuous flow of information including historical, current and forecasted values, supporting the 

functionalities of the WatERP OMP. 

However, integrating such information is not a simple task. Water data are heterogeneous, usually 

collected and reported using a wide variety of formats and standards, from different sources and 

applications, rendering data exchange difficult. In order to enable the sharing of information within the 

water supply domain, the ontology developed in the WatERP project will standardize the information 

and enable data integration and interoperability between the existing information systems. 

The aim of Work Package 1 (WP1), as described in the WatERP Document of Work (DoW), is to 

“create the generic basis that will enable a comprehensive water supply and usage knowledge base to 

be established” that will support the WatERP OMP and its functionalities. This generic basis requires 

defining (i) the actors, (ii) the decision making processes, and (iii) the key variables that enable water 

supply and demand to be matched across the water distribution network.  

This deliverable describes the generic water taxonomy that was developed for the WatERP project. 

However, during the document continuous reference to the “ontology” or “knowledge-base” 

concept is done because taxonomy is a non-mature ontology. A taxonomy is an early-stage 

ontology where a hierarchy of terms (concepts or entities) is defined (more detailed on Section 

1.2).  

The construction of the taxonomy and ontology was done using an adaptation of the NeoN 

methodology (Section 1.1). This methodology describes the way to be followed to reach a coherent, 

comprehensive and well-defined ontology. This process starts with the requirements gathering and 

taxonomy construction based on the vocabulary used by domain experts. In the process of the 

requirements gathering, a description of the system user and needs, problem description, acquisition of 

terms as well as an initial categorization (taxonomy) must be accomplished. As a result, these aspects 
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along with other ones such as implementation language, scope, purpose of the ontology, etc; are 

described in this document to serve as the base for the ontology development process. 

Furthermore, this document tries to summarize the user needs and basis for the WatERP ontology 

construction. It will be incrementally enhanced during the WatERP project as the ontology and 

taxonomy are further refined. However, the information from the anticipated system users will ensure 

that the ontology is aligned with the user and domain experts needs in order to facilitate their decision 

making process. Furthermore, the knowledge base is supported by a semantic description that 

empowers automatic comprehension of the water supply domain. 

1.1 Ontology Construction Methodology 

During the WatERP project, in order to assure that the user requirements are satisfied and also the 

utility of the knowledge base, a methodology is applied. The methodology provides an efficient way to 

construct the ontology through an iterative process and ontology construction model that has been 

tested by knowledge-base modelers throughout world.  

Current methodologies to build ontologies such as Methodology (Fernandez, Gómez-Pérez, & Juristo, 

1997), DILIGENT (Sofia Pinto, Staab, & Tempich, 2004), On-To-Knowledge (Staab, Schnurr, & Sure, 

2001) and NeoN (Suárez-Figueroa, Gómez Pérez, & Fernández López, 2010), define an iterative 

process that starts with requirements gathering and finishes with ontology implementation. In general, 

these current ontology construction methodologies are similar and do not differ so much from software 

development process methodologies. In this project, the NeoN methodology was selected as the base 

to construct the WatERP ontology because it better matches the project requirements than the others. 

The NeoN methodology provides an environment that facilitates the creation of large ontologies that 

permits collaboration between different teams (in this case, knowledge engineers and domain experts), 

reuse and possibility of re-engineering knowledge resources, with the ability to incorporate other 

schemas such as Water Markup Language v2.0 (WaterML2) (Open Geospatial Consortium, 2012), 

incorporate and link with other ontologies such as Semantic Sensor Network (SSN) ontology (Compton, 

et al., 2012) and CUAHSI ontology (Piasecki, et al., 2010), and finally allow for the evolution of the 

ontology in an iterative process (case of the WatERP project). A summary of the chosen methodology 

attributes compared to the others can be found in Table 1.  
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WatERP Needs Methodology DILIGENT 
On-To-

Knowledge 
NeoN 

Collaboration between different 

teams 
Partially YES NO YES 

Inclusion of existent ontologies 

(or standard ontologies) 
YES NO NO YES 

Re-engineering of knowledge 

resources 
NO NO NO YES 

Continuous enhancement and 

evolution of the ontology 
Linear 

Based on 

User’s Role 
Linear Modular 

Validation methodology for the 

ontology 

Evaluation based on 

technical elements, 

documentation and 

environment (Not 

Detailed) 

NO 

Competency 

Questions and 

Application 

Environment 

Competency Questions, 

Documentation Validation 

and Technical elements 

of Ontology 

Aligned with large ontology 

construction 
YES YES YES YES 

Support guided ontology 

construction (Requirements, 

Design, Implementation) 

YES 
Based on 

User’s Role 

YES (based on 

processes) 
YES 

Table 1 "Methodologies Comparison" 

The NeoN methodology adapted to the knowledge base construction is shown on Figure 1. In this 

illustration, the ontology construction is subdivided into: (i) early-analysis focused on describing the 

ontology needs, requirements, actors, ontology resources to be included and problem to be solved; (ii) 

analysis and design aimed at building the ontology through the construction of taxonomy, ontology 

and the different axioms; (iii) implementation based on ontology population using an external data 

base and an ontology exploitation API (Jena
1
 or OWL API

2
); (iv) testing and ontology validation 

(detailed in Deliverable 7.1) with the objective of assuring ontology quality, validating the ontology 

performance (answers to competency questions) and usability metrics for future uses of the ontology.  

                                                      

1
 Jena Web Page: http://jena.apache.org/ 

2
 OWL API- Ontology Web Language (OWL) Application Programming Interface (API): 

http://owlapi.sourceforge.net/ 
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Figure 1” Business Process Modeling in WatERP Knowledge Base Construction” 

Finally, this process helps define a path to construct the ontology enabling the creation of a knowledge 

base that can be used in the water supply field in order to detect alarms, make recommendations to the 

user, and provide semantic and coherent information that supports the technicians and water domain 

experts in their decision making processes and day-to-day tasks.  

1.2 Initial concepts 

As introduced, this deliverable presents a water domain description and taxonomy that in further steps 

will be a part of an ontology that is currently under development. In this specific part of the document, 

an introduction to ontology terminology is provided. Initial concepts about ontologies are needed for 

ontology comprehension and further understanding of its language, description logic, and ontology 

structuring.  

Ontology is a concept that is widely used nowadays in knowledge representation. One formal definition 

of ontology is provided by (Gruber, 1993) that defines ontology as “an explicit and formal specification 

of a conceptualization of a domain of interest”. From this definition, some information can be extracted. 

On the one hand, an explicit and formal conceptualization means that ontology permits reasoning by a 

computer. On the other hand, the conceptualization of a domain of interest refers to modeling the 

domain in a realistic manner, according to domain expert terminology.  

From a technical point of view, ontology is a structuring of knowledge by several parts. First of all, 

ontology consists of a set of concepts or taxonomy (also defined as a set of classes or entities) that 
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represents unique terms that define the ontology. Concepts are interrelated through specific relations 

(also called properties) that specify how the concepts are linked. A property also specifies restrictions or 

norms that must be satisfied when two concepts are linked. The restrictions or norms can be facts that 

the entities can accomplish. These facts are also known as axioms. In order to provide attributes to the 

ontology, data properties are defined to detail an entity. Data properties are also identified by a data 

type (String, Boolean, Integer, etc). Concepts are instantiated (atomic definition of a concept) by a 

population process in order to define a specific scenario of the ontology.  

As a detailed definition, ontology can be represented and categorized based on its elements using N-

tuple representation. N-tuple representation defines sets of classes (C), types (T), relations (R), 

instances (I), attributes (A) and values (V), according to               (Ehrig, Haase, Hefke, & 

Stojanovic, 2005). Each element of the N-tuple is also defined by a transformation property (function) 

that represents how an element of the ontology is created (Formula 1). 

                                           

                                                       

Formula 1"Mathematical ontology definition" 

Once the ontology is constructed and defined, reasoning is done using a process to extract knowledge 

or semantic inference. The form of knowledge extraction and representation in the ontology is based on 

Description Logics (DLs). A Description Logic is a “family of logic-based knowledge representation 

formalisms designed to represent and reason about the knowledge of an application domain in a 

structured and well-understood way” (Baader, Calvanese, McGuinness, Nardi, & Patel-Schneider, 

2003). DL is used by the reasoners to infer the proper knowledge from the ontology. The reasoner’s 

main task is to verify the satisfiability of the ontology. The satisfiability process purpose is to check 

instantiation (classes must be instantiated), and consistency (each assertion and axiom are coherent in 

the ontology). Basic description logic is called     (Pan, 2004) whose main properties are focused on: 

(i) boolean operators give support to negation, union and intersection; (ii) restricted quantifiers facilitate 

the creation of existential and universal axioms; and (iii) atomic roles. However,     description logic is 

very simplistic and nowadays, an extension over this logic is widely used.     description logic is 

extended with transitive roles (  ), generating a description logic called  . Furthermore other 

extensions could be added until a full description logic called        (Pan, 2004) is constructed.   

description logic can be extended with hierarchy roles ( ), nominal operators ( ), inverse roles ( ), 

number restrictions ( ) and qualified number restrictions ( ). Based on the description logic defined for 
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the ontology, a suitable reasoner and ontology description language (OWL
3
, RDF

4
, etc) must be 

selected.  

Summarizing, ontology is formed by classes, relations, data types, instances, attributes and values that 

are defined using N-tuples representation. Furthermore, ontology needs description logic to support 

knowledge inference. In addition, ontology needs an implementation language to materialize the 

concepts defined in N-tuples representation. In reference to the ontology implementation with specific 

description logic, a reasoning process is performed in order to attain ontology satisfiability and then infer 

new knowledge over the defined ontology (with/without ontology population process).  

1.3 Problem Description 

Water is used in a variety of different ways. Meanwhile, water sources vary in form and distribution: in 

the air, on the surface, below ground and in the oceans. Between its sources and uses, water 

undergoes many different processes, both natural and human-engineered. The main goal of the 

WatERP ontology is to render information on water supplies, demand, and the various distribution 

process elements available to the water resource management decision-makers across geographic and 

organizational scales so, that information from each step of the water supply distribution chain can be 

exchanged and accessed and the entire water distribution network can be viewed, understood and 

improved in an integrated and collaborative manner.  

Beyond providing support to decision-makers, the knowledge base is also needed to give support to the 

WatERP OMP by supplying the necessary mechanisms to include new information from stations, 

databases and other applications/services; that could be interoperable between different tools 

developed under the WatERP framework. 

Existing ontologies such as those developed by the CUAHSI and the Open Geospatial Consortium 

(OGC) have tried to model the hydrologic cycle from the hydrological and environmental perspective. In 

order to give support in enhance water semantically information, the World Wide Web (WWW or W3) 

Consortium (W3C)- Semantic Incubator Group tried to model sensor behavior (W3C-SSN Ontology). 

Also, National Aeronautics and Space Administration (NASA) tried to give a definition of the 

hydrological cycle with the perspective of the earth/environment science connection (NASA-SWEET 

ontology). On the one hand, the knowledge base such as the one developed by CUAHSI was done by 

merging the hydrological and environmental fields in such a way as to provide sensor information of the 

water environment and correlate it with environmental data. CUAHSI’s application however does not 

show linked information semantically or link it with the web to create a certain meaning for each data. 

                                                      

3
 OWL 2 Web Ontology Language Document Overview (Second Edition-2012): http://www.w3.org/TR/owl2-

overview/ 

4
 Resource Description Framework (RDF). W3C Semantic Web (2004): http://www.w3.org/RDF/ 
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On the other hand, ontologies such as SWEET , OGC (Onto Sensor and more) and W3C- Semantic 

Incubator Group (SSN ontology) provide mechanisms that support information retrieval from sensors 

(case of Onto Sensor and SSN ontology) and also provide an environment where multiple fields and 

sciences are linked semantically and are defined by a trustworthy organization (case of SWEET).  

However, there is no knowledge-base (ontology) that encompasses the water cycle from the 

management perspective with the aim to establish recommendations and alerts regarding actions taken 

or decisions made regarding its various elements. Such a harmonization could provide to the water field 

the possibility of an enhanced understanding, and in an automatic way, of water resource management 

systems.  

As another issue relating to the water field, all of the systems designed so far for monitoring water 

resources (and the environment) have as a goal the collection of large amounts of information which 

are then stored in databases. In spite of the fact that this information is under an umbrella of semantic 

annotation by the use of ontologies, it does not return to the user any treated knowledge.  

Regarding the semantic linkage of information, a major shortcoming occurs when the same kind of 

measure is used for different purposes in two different locations (or stations). This problem is called 

data perception (and abstraction). To solve it, two approaches could be useful. Firstly, one solution is to 

make annotations in order to clarify data provenance. Secondly, the solution could be to add semantic 

views (perceptions) to the ontology information (e.g., including facts, search views, ontology pivoting 

and more).  

Another shortcoming in the field of water is that ontologies and knowledge bases are not linked with 

external objects that give more expressiveness to the ontology. This problem is associated with the 

linkage of the ontology through the Linked Open Data Cloud (LODC) initiative or other ontologies (e.g., 

SWEET).  

The issues raised in this section are expected to be overcome by the ontology and/or with the ontology 

supported by the systems designed and created during the WatERP project.  

1.4 Needs 

Nowadays, the various elements of the water supply distribution chain are operated independently, that 

is, each part of the chain has its objectives and information is not shared with the others. Each part only 

looks after its own interests without considering the needs or interests of the others. This lack of 

communication leads to inefficiencies in the water supply distribution chain. At present, there is no 

software that can integrate all parts of the chain and manage the knowledge in a unified, integrated 

manner. This lack of communication results in wastage of both water and energy resources.  

Given the current situation, the following needs can be identified: 

 Structure the knowledge contained in water supply management systems.  
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 Enable the exchange of knowledge with other systems. 

Ontologies can provide a mechanism for solving these needs. For instance, ontology clarifies the 

structure of knowledge and its conceptualization. Thanks to this knowledge structuring, improved water 

supply management decisions could be facilitated. In the case of the WatERP project, for example, the 

ontology will use the information sources to evaluate the state of different elements or parts of the water 

supply distribution chain and provide recommendations. These recommendations have as an ultimate 

objective to improve the matching of supply and demand, minimizing water and energy consumption. In 

reference to knowledge exchange, the ontology provides interoperability between computer programs 

at both the data and process levels. Moreover, the ontology can disambiguate or uniquely identify the 

meaning of concepts in a given domain of interest and facilitate knowledge transfer by excluding 

unwanted interpretations through the usage of formal semantics. 

Finally, linking the ontology with other ontologies and concepts will enrich the ontological capacity of 

understanding the environment and data provenance. Such ontological linkages would provide the 

ontology a capacity of abstraction and perception in time for querying and information visualization.  

2. Scope, Purpose and Implementation Language 

During the following subsections, an explanation of ontology scope, purpose and implementation 

language are provided. In order to define a scenario in which the ontology makes recommendations 

and generates alerts based on the information connected and semantically linked, the scope (see 

Section 2.1) is defined. The purpose section (see Section 2.2) presents the ontology representation 

expectations. The purpose proposes a solution that addresses the ontology needs (see Section 1.4) 

and problems (see Section 1.3). At last, an implementation language (see Section 2.3) is studied and 

selected in order to represent the ontology. An ontology language is selected based on description 

logic, accessibility, water scientific vocabulary and reasoning interests.  

2.1 Scope 

The scope of the ontology development is to represent the water supply distribution chain with the 

perspective of resource management. Managing the resources in each part of the water supply 

distribution chain means monitoring relevant variables aligned with natural cycle of water in conjunction 

with the man-made (or “human-altered”) water infrastructure systems (water levels, water flows, 

storage, release or treatment volumes, etc). Based on this monitoring, the information is correlated in 

order to provide alerts and recommendations.  

Water supply systems consist of a series of engineered hydrologic and hydraulic components which 

provide water to users. A water supply system typically includes the following components: 

 A drainage basin. 
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 Water collection points (above or below ground) in areas where water accumulates, such as a 

lake, a river, or groundwater from an underground aquifer. This water may be transferred using 

open channels or underground pipes, by gravity or pumping. 

 Water treatment facilities. The methods for treating water depend upon the raw water quality as 

well as the intended use, ranging from no treatment to complete treatment (e.g., combinations 

of aeration, flocculation, sand filtration, ozonation, activated carbon filtration, membrane 

filtration and disinfection). Treated water is transferred using water pipes (usually underground). 

 Water storage facilities such as reservoirs, water tanks, or water towers.  

 A distribution network (including pumps, transport pipelines, pipes, reservoirs and pumping 

stations) to deliver the water to the consumers. 

 Points of usage. 

The following figure (Figure 2) shows a simplified flow diagram of the steps that are typically involved in 

a water supply distribution chain, along with the associated data and management control systems. 

Within each step of the water supply distribution chain, many actions are undertaken by different actors 

and system components to manage this water. These actions are based on information regarding 

variables of interest as well as models and control systems, supporting the decision-making processes. 

The following subsections describe in greater depth the bases of the WatERP knowledge-base that is, 

water supply sources, water demand usages, and the water management components and processes 

that occur between the sources and the points of usage. 
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Figure 2 ”Simplified water supply distribution chain steps” 

2.1.1 Water supply 

Available water supply is determined by rain and snowfall, and the storage capacity of reservoirs and 

aquifers. When these natural water sources are insufficient, they can be augmented by transferring 

water from a different river basin, or through human generated sources such as desalinated water or 

water reuse.  

 Precipitation. Precipitation is the prime source of all water. Part of this source evaporates back 

into atmosphere, part of it enters the ground to form ground water, and some runs off to form 

streams and rivers which ultimately flow into the sea. 

 Surface water. Surface water accumulates mainly as a result of direct runoff from precipitation. 

Precipitation that does not enter the ground or is not returned to the atmosphere flows over the 

ground surface and drains into stream channels, and then into natural or artificial storage sites 

such as rivers, lakes, man-made reservoirs and tanks. It is the main source of water supply in 

many areas and many rivers furnish a dependable supply of water. However, surface water is 

prone to contamination and therefore usually requires treatment before use. Furthermore, the 

amount of available surface water depends largely upon precipitation and storage capacity. 

Consequently, the supply of surface water can vary considerably between wet and dry years.  
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 Groundwater. Rain water percolating into the ground constitutes ground water. Groundwater is 

often the least expensive and most practical means of providing water to small communities. 

Traditionally, wells are an important source of water supply and this supply is generally more 

reliable during dry periods than surface water. Its quality is usually superior to surface water 

because the ground itself provides an effective filtering medium such that, in zones unaffected 

by agricultural or industrial activity, it often requires little or no treatment. However, its usage 

requires pumping and its availability is limited. Groundwater usually moves slowly such that the 

rate of recharge is an important consideration. 

 Alternative sources. With traditional water resources reaching their limits, water suppliers are 

looking to alternative water sources to meet demand. These alternatives include: seawater, 

urban stormwater, and return flows from previous points of use including wastewater (from 

sewerage systems) or drainage water (from irrigation/rural water providers). While these 

sources are plentiful, the collection and treatment process can involve heavy expenditure. 

2.1.2 Water demand 

Water can serve a number of different purposes. It should be noted that water usage can be either 

consumptive or non-consumptive, depending on whether the water is returned or not to streams (or 

groundwater) following use. Consumptive water use implies that the water enters the atmosphere via 

evaporation (such as from reservoirs) or plant transpiration (especially from water-intensive crops in 

irrigated agriculture). Non-consumed water can be re-used, although will usually require prior treatment. 

Water usage can be classified as follows: 

 Environmental. Environmental use is actually more of a constraint placed on water 

withdrawals from river systems, stemming from the recognition that certain minimum flow levels 

are necessary to support healthy river ecosystems over time. When implemented, they can be 

defined as a constant minimum flow that must always be maintained or as a varying flow 

quantities depending upon the time of year. Although, environmental usage is non-

consumptive, it can reduce the availability of water for other users at specific times and places. 

For example, water released from a reservoir to help fish spawn may not be available to farms 

located upstream, and water retained in a river to maintain waterway health would not be 

available to downstream water users. 

 Domestic. Domestic water use consists of the water supplied to households, commerce and 

institutions for drinking water, bathing, cooking, sanitation and gardening. Commonly called 

potable water, this water is treated to be of sufficiently high quality that it can be consumed or 

used without harm. The amount of domestic water use depends on climate, level and efficiency 

of public supply services, patterns and habits of water use by the population, technological 

changes (for example, water saving technologies and use of alternative sources) and 
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socioeconomic instruments. Domestic water use is not evenly distributed over time as 

households and services tend to demand more water in hot and dry periods. There are also 

seasonal variations in population, due to tourism, that influence the amount of water used at a 

particular time. At the same time, population density varies over regions and countries. 

 Agricultural. The use of water for agriculture has changed the production of crops 

dramatically, with the majority of this water used for irrigation. Irrigation guarantees an increase 

in crop production and allows the land that does not receive enough precipitation annually to 

become land that can be used for productive agriculture. 

 Industrial. Most industrial activities require water in their operational process. Major industrial 

users include hydroelectric dams, thermoelectric power plants which use water for cooling, ore 

and oil refineries which use water in chemical processes, and manufacturing plants which use 

water as a solvent. Water withdrawal can be very high for certain industries, but consumption is 

generally much lower than that of agriculture. Furthermore, although some industrial water use 

is consumptive, in many cases, especially in the case of hydroelectric power diversions, much 

of the water is returned after use. 

 Recreational. Recreational water use usually represents a very small percentage of the overall 

water usage. However, and while non-consumptive in nature, it can affect stream flows and 

other downstream uses by altering the timing of flows, by maintaining a specific volume in a 

lake or reservoir, or by releasing water from reservoirs for fishing or other recreational events. 

2.1.3 Water management 

Water supply management is the activity of planning, developing, distributing and managing the 

optimum use of water resources. It is a sub-set of water cycle management. In an ideal world, water 

resource management planning considers all of the competing demands for water and seeks to allocate 

water on an equitable basis to satisfy all uses and demands. The following describes the water supply 

management steps depicted in Figure 2: 

 Production. Although the generation of freshwater sources (through precipitation) is a natural 

process, water scarcity and increasing demand for water are driving the need to accurately 

monitor, assess and forecast the availability and condition of the water supply sources. In 

recent decades, weather forecasting has dramatically improved through the use of local 

measurements and satellite observations. Hydrometric monitoring networks monitor 

precipitation, stream flow, diversions and groundwater pressures. Meanwhile, remote sensing 

observations measure variations in the Earth’s gravitational field, providing information on 

hydrological conditions at and below the land surface and in the atmosphere over large areas. 

Combining these data, not only more accurate rainfall maps can be generated, but future 

precipitation can be forecasted.  
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It should be noted that in places where natural water supply sources are not always sufficient to 

meet demand, alternative sources are being increasingly considered in used (e.g., desalinated 

seawater, urban stormwater, and regenerated water from previous points of use). 

From a water supply management perspective, the main interest consists in knowing how much 

water will be entering the catchment area during a given period of time (or produced in the case 

of alternative sources), as well as its temporal and spatial distribution. Precipitation is the main 

variable of interest, along with lake, reservoir and groundwater storage volumes, and stream 

flows (and in the case of alternative sources, prior usage return flows or stormwater runoff).  

Hydrologic models are often used to increase knowledge and understanding regarding the 

processes that drive the overall water balance as well as how the water distributes itself 

between the atmosphere, land and biosphere, as well as over time. In the case of alternative 

sources, hydrologic models can be used to estimate stormwater runoff volumes generated 

during rainfall events, and hydraulic models (or water balance models) can be used to estimate 

expected return flow volumes or recycled flows within regeneration streams. 

 Regulation. In order to transform the irregular precipitation patterns into flows that correspond 

to water demands, hydraulic infrastructure is used to regulate the flows and volumes. This 

infrastructure includes reservoirs and tanks that can store volumes of water for later usage, but 

also hydraulic water works that permit water to be directed into storage systems or diverted, 

such as dams, weirs or diversion channels, and then released such as valves, outlet pipes, etc. 

In this step of the water supply distribution chain, the primary interest lies in optimizing storage 

while ensuring that the various water needs are met. These needs can include water supply, 

flood control, navigation, recreation, fish and wildlife habitat, and hydropower production. For 

example, in addition to storing water supplies, a reservoir’s operating rules can include the 

additional parallel functions of controlling floods, maintaining navigable depths, protecting 

aquatic communities, providing suitable levels and releases for recreation and achieving 

economical hydropower generation schedules. 

Key variables that are tracked include primary water levels, volumes and flows. Typically, water 

levels can be measured manually or with sensors, storage volumes are inferred from elevation-

storage curves or bathymetric surveys, and flows are either measured using weirs, flow meters 

or from elevation-discharge curves in the case of releases from hydraulic structures.  

Hydraulic models are used to simulate flows and predict future peak flows that could enter or 

leave the engineered regulation systems. Reservoir or optimization models are used in cases 

where multiple, often conflicting, objectives and operations must be balanced. 

 Capture and treatment. Water capture consists of the abstraction or diversion of water from a 

source, either temporarily or permanently, for subsequent usage. Water can be obtained from 



 

 

 

Ref. 318603 - WatERP, D1.1_Generic taxonomy for water supply distribution chain_v1.4 page 25 of 60 

 

various sources - from rivers, the sea or from the ground. It can also be obtained from surface 

runoff or rainfall. It can be carried out by a variety of means including a pump, pipes, an 

engineering structure in a watercourse or a well. The abstraction of water is a highly sensitive 

issue with often conflicting demands on the water, such that authorization for water withdrawal 

is typically required. Then, depending on the characteristics of the water source and the 

intended use, the water may need to undergo a treatment process to render it suitable for its 

use or consumption.  

Key variables that are tracked in this step of water supply distribution include water abstraction 

or diversion rates and volumes, as well as water levels both at the sources and in the water 

collection systems. However, water quality parameters are also important as the condition of 

the water can affect its use. For example, temperature, turbidity, conductivity, potential of 

Hydrogen (pH) and suspended solids contents are often monitored during capture and 

treatment. 

Management and control systems used include hydraulic models to quantify water levels and 

flows but also Supervisory Control and Data Acquisition (SCADA) systems which provide real-

time information on the quantity of water diverted or withdrawn at any point within the system as 

well as dynamic information regarding flows, pressures, velocities, and water quality. 

Water supply management objectives in this step consist of ensuring that the correct water 

amounts are collected, in terms of both the allowed withdrawal or diversion amounts but also in 

accordance with demands, and then ensuring that this water is of the necessary quality for its 

expected use. 

 Distribution. Once captured or treated, the water is conveyed through water mains sometimes 

over considerable distances, to the points of usage. The water distribution infrastructures must 

be carefully managed and maintained by skilled staff in order to provide expected levels of 

service to the consumers, adjusting control elements such as pumps and valves to ensure 

customer demands and minimize energy costs. As water use tends to follow repeatable 

patterns, the operators understand what is required for normal operation but when an 

unplanned event such as a burst main occurs, they often have to respond quickly based on 

information provided by customers already impacted by the event.  

In order to support system monitoring and decision-making processes, SCADA systems are 

used to monitor hydraulic and water quality parameters within the network. Key variables that 

are tracked include water pressures and flows at strategic points in the network, as well as key 

water quality parameters such as water age, temperature or residual chlorine levels when used 

for disinfection. Hydraulic distribution system models are also widely used in water distribution 

networks, simulating flows and pressures for leakage management and control. Although useful 

for strategic supply analyses, design of control strategies, network extensions and maintenance 
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planning, these models are offline in nature due to their heavy computational requirements. 

Efforts are currently being made to develop on-line distribution network models combined with 

elaborate optimization models to calculate the current network status based on real-time 

measurements and predicted demand patterns. 

 Consumption. Water consumption represents the final step of the water supply distribution 

chain and consists of the actual water usage by the various consumers.  

The variables of interest in this step consist of water usage rates as well as volumes. However, 

anticipated future water needs (water demand) is also of interest in order to better anticipate 

future water demands on the system and assist water managers in their water supply 

management decisions. Several different types of water demand forecasting models have been 

developed to aid in predicting water demand. Meanwhile, actual water usage is measured 

through meters at the district or individual level. While many of the end-user water consumption 

readings are currently made manually, a trend is emerging to deploy automated meters. 

2.2 Purpose 

Successful management of any resource requires accurate knowledge of the resource available, the 

uses to which it may be put, the competing demands for the resource, measures and processes to 

prioritize competing demands and mechanisms to translate policy decisions into actions on the ground. 

In Figure 3, a graphical representation of water supply and demands trends over time is provided. In the 

figure, the trends reflect user water needs (demand) against water availability (supply) in order to fit the 

time intervals where demands exceed supply (e.g. between April’11 and October‘11). For such periods, 

prior actions must be undertaken to avoid a situation of unmet demands.  

 

Figure 3 ”Supply and demand trends” 

When matching supply and demand, information flows in two different directions. Water flows from the 

sources to the users following the distribution chain sequence, whereas water demand originates with 

the users and is transferred up the distribution chain to the supply source that can satisfy the demand. 
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Thus, demand requirements are passed upstream, while water flows downstream. The following 

diagram (Figure 4) illustrates this process. 

 

Figure 4” Water supply and demand matching information flows” 

As mentioned above, the matching of water supply with demand across the water supply distribution 

chain elements consists of balancing water availability with water user needs. On a basic level, this task 

can be reduced to water balance accounting (tracking of storage and flows). However, behind these 

values lie many different considerations such as water storage capacity, infrastructure constraints, 

treatment requirements, costs, as well as in some cases, the management of potential conflicts among 

competing uses. The level of complexity depends on the number of sources and users involved, but 

also on a variety of socio-economic, environmental, technical and institutional factors.  

The ontology will need to capture all of water-related variables that affect water supplies and demand 

as well as the auxiliary factors that can have an influence on how the water is actually managed. 

2.3 Implementation Language 

In this section, ontology implementation language is discussed. First, the desired level of formality must 

be determined. This decision affects the level of detail of the ontology construction. The level of 

formality is also aligned with the language used by the actors in order to understand and make day-to-

day decisions. Second, the implementation language must be selected. The selection of the language 

takes into account the main features of ontology languages, the description logic that must be 

supported (richness of the ontology language) and the language used by the actors.  

In the first place, based on the documentation provided by the actors (German and Spanish pilots) and 

the ontologies, taxonomies and data structures studied to represent the water supply distribution chain, 

the conclusion is that the language used is rigorous and formal. The used language is also precise and 

based on scientific vocabulary aligned with the water field. Furthermore, the actors involved (detailed in 
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Section 3) in the water field (regulators, bulk water supplies, water utilities, etc) understand and use this 

kind of language. Therefore, the ontology must follow the line of formal and rigorous language in order 

to identify and define all the elements that the ontology needs (entities, relations, instances, etc).  

In the second place, ontology language is discussed and selected in order to describe all the logics 

needed in the WatERP project. The selected ontology language also is aligned with the scope (see 

Section 2.1) and the needs of the project (see Section 1.4). Focusing on the suitable ontology language 

for the WatERP project, a comparison between most known languages was done. The selected 

ontology languages that have been compared are OWL and RDF. Beyond these languages, key 

features that must be taken into account were identified. The ontological key features that WatERP 

needs are related to: (i) ontological size required to model and describe all of the water supply 

distribution chain elements (alerts, sensors, phenomena, etc); (ii) information accessibility for support to 

the OMP and/or LOCD; (iii) annotations and meta-data information to support mappings and ontological 

annotations (comments, versioning, labels, etc); (iv) expressivity in the ontological vocabulary that 

permits creation of richer properties; (v) description logic that supports ontological reasoning according 

to ontological expressivity (vocabulary), and (vi) dynamicity in order to allow for modifications or addition 

of information and axioms into the ontology (also rules).  

Language Features RDF OWL 

Size Large Scales Large Scales 

Information Accessibility 
URI’s Identification provides a quick 

information accessing 

URI’s Identification provides a quick 

information accessing 

Annotation and Meta-data 

Not too much large(type, comment, 

label, subClassOf, subPropertyOf, 

range, domain) 

RDF+ (OntologyProperty+ 

AnnotationProperty) 

Vocabulary Instances, Properties and Classes 

RDF + Relationships between 

classes+ Equality + Restrictions + 

more Properties (Symmetrical, 

Reflexive, etc) 

Description Logic                   

Dynamicity High level High level 

Supported Reasoners 
Sesame, OWLIM, KAON2,HermiT, 

RacerPro, Pellet 

KAON2,HermiT, RacerPro, Pellet, 

FaCT++, Snorocket 

Querying Languages SPARQL SPARQL 

Table 2 "Ontology Language Comparison" 

A summary of this comparison is provided in Table 2. The language that was selected to describe the 

ontology is OWL. Although the OWL and RDF languages are similar, OWL was selected for its high 

ontological expressivity and supported description logic. Other languages were not considered because 

their expressiveness is lower than that of RDF and OWL. For instance, they are not able to represent 

ontological properties as transitive, functional, etc. In addition, both languages (RDF and OWL) are 
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supported by the SPARQL ontological query language and are also supported by most known 

reasoners (Kumar & Mishra, 2011). A reasoner selection (see Figure 5) should be done taking into 

account ontological expressivity and ontological size (also considering the population process). 

However, this should be done once the ontology has been created (or when a first version is almost 

complete).  

 

Figure 5 "Ontology Language Comparison given by (Dentler, Cornet, & de Keizer, 2011)" 

In summary, the language to be used in order to represent the ontology must be formal and rigorous for 

representing the ontological elements (scientific water language). With regards to the ontology 

construction, the selected language is OWL. In reference to the reasoner selection, it will be detailed in 

subsequent ontological iterations.  

3. End-Users Involved (Actors) and Data Needs 

In this part of the document an introduction to the actors involved and corresponding information needs 

is presented. On the one hand, an identification of actors (see Section 3.1) is needed in order to model 

the ontology taking into account the actors involved and their points of view to manage the various parts 

of the water supply distribution chain. On the other hand, actors are aligned with decision-making 

processes (see Section 3.2) and data needs (see Section 3.3) which define the information that must be 

made available in the system for each actor. 

3.1 Actors Involved 

A great variety of actors have responsibilities in water supply management. A basic distinction lies 

between those responsible for policy and regulation on the one hand, and those in charge of providing 
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services on the other hand. It should be noted that the organization of water supply networks varies 

significantly across Europe, with regulation strategies ranging from private to public. There is 

considerable diversity in water management institutions and river basin management in Europe, with 

currently much debate regarding the role of the state and how protection and allocation of resources 

should be managed.  

However the Table 3 presents the categories of actors that can typically be encountered in a water 

supply distribution system. It should be noted that this classification can vary in function of the 

legislation and norms of the country or region. 

Actor Role in water supply planning 

Regulators 

Environmental regulation and consumer protection 

Regulation of pricing and water service quality 

Flood control and coordination of water resources policies 

Management of sector information systems 

Settling of complaints from consumers or disputes from service providers 

Bulk water suppliers 

Drinking water production (including water treatment) 

Water allocation among different water use sectors and sites 

Planning of large-scale investments for water supply enhancement 

Compliance with environmental flow requirements 

Water utilities 

Drinking water production (including water treatment) 

Optimal operation of the distribution network 

Reduction of physical losses/unaccounted-for water and unbilled volumes 

Reliability in water supply delivery/no service interruptions & adequate pressure 

Planning for network/infrastructure expansion and rehabilitation 

Consumers 

In the case of large water users, provision of expected future water needs 

Reporting of abnormalities or leakages 

Development of own water supply sources 

Table 3 ”Actors involved in water supply distribution”
5
 

3.2 Decision-Making Processes 

The ontology must be able to provide information that will support the decision making processes that 

are necessary for the system users. While many different decisions are involved when matching water 

supply with demand, the decision processes can be broken down according to both temporal and 

spatial scales. 

Regarding the temporal scale, the decision levels vary in function of the time horizon: 

                                                      

5
 Adapted from Table 1 of ICCS Discussion Document on WP5 “Water Demand Management System”, dated 

January 2013. 
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 For the long-term (planning), water supply infrastructure is planned in response to changing 

conditions and anticipated future needs. It is typically done for a multi-year span (for example, a 

10-year plan, although some plans could have a horizon of 20-30 years and most distribution 

pipes, reservoirs, waterworks have a lifetime of 50-100 years) and assesses the infrastructure 

needs (system of pipes, storage reservoirs, pumps, valves, treatment plants, equipment and 

meters) used for collecting, treating and distributing the water. Infrastructure planning can also 

include major irrigation and flood control systems.  

For example: a city could determine that given its 2% population growth trend, it will need to 

build a new water storage reservoir. It will also need to extend its distribution pipe network 

to a planned new residential unit. 

 In the medium-term (management), water supply availability forecasts are generated, future 

demand water needs are estimated (especially in the case of irrigation which requires seasonal 

planning) and general management rules and priorities are established for both the water 

sources and usage allocations to ensure a matching of anticipated water availability and needs 

at the bulk water volume level. Maintenance activities can also be planned. The management 

time-frame includes both monthly assessments as well as seasonal or even annual (based on 

the annual hydrologic cycle or water year) evaluations. It should be noted that the frequency of 

the management decisions and monitoring depends not only on the water sources but also 

upon the infrastructure in place (for example, the period of supply that can be assured by the 

system storage capacity).  

For example: for a region that uses both surface and groundwater supplies, if the oncoming 

year is expected to be very wet, water managers can decide that surface water should take 

precedence over groundwater usage in order to save the aquifer reserves for drier times. 

They could also decide that alternative water supplies will not be necessary and be more 

generous with irrigation water allocations. 

 In the short-term (operational), attention is focused on optimal system components 

scheduling. This can include the determination of how much water should be released from the 

reservoirs each day, or how much water should be pumped and/or treated, but also includes 

continuous monitoring of the distribution system to detect leakages or abnormalities and the 

undertaking of actions to prevent water supply shortages should a water quality constraint or 

system interruption occur. 

For example: given the current municipal water demand and the available water stored 

within the distribution network, a water service provider will determine how much water 

should be released from the reservoir, or pumped from groundwater and fed into the 

distribution system during the following 12 hours. 

The type of decisions that are taken also depends on the location within the supply chain: 
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 In the upper part of the distribution chain, decisions are oriented towards the monitoring of 

the state of reserves (reservoirs, aquifers) and future forecasts in order to assess water 

availability and source utilization priorities. Water reserves are managed and protected, and 

factors affecting raw water collection and transport are considered. 

 In the lower part of the distribution chain, attention is focused more on the end user 

demands and on the collection, treatment and distribution infrastructure, considering water 

provision capacities, maintenance requirements, as well as the travel times associated with the 

treatment plants and pipe network. Water usage is closely monitored and future demand is 

estimated to the extent possible. 

The following two tables summarize the different temporal and spatial scales involved in water supply 

distribution as well as the corresponding decision processes that are involved in matching water supply 

with demand, which the WatERP ontology will need to support.  

Decision Level 
Spatial scale (Δx) 

Upper (river basin) Lower (end use) 

T
e

m
p

o
ra

l 
s

c
a
le

 (
Δ

t)
 

Operational 

(short term) 

 

(matching based on 

entity-specific rules) 

Time step: day 

Time frame: week 

 

(rivers, channels) 

Time step: hour 

Time frame: day 

 

(pipe) 

Management 

(seasonal-annual) 

 

(global rules) 

Time step: month 

Time frame: 3-6 months to a year 

 

(reservoir) 

Time step: week-month 

Time frame: 3-6 months to a year 

 

(tank) 

Planning 

(long-term) 

 

(trends) 

Time step: year 

Time frame: 10-30 years 

 

(regulating infrastructure) 

Time step: year 

Time frame: 10-30 years 

 

(distribution infrastructure) 

Table 4 ”Water supply management decision levels according to spatial and temporal scale”  
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Decision Level 
Spatial scale (Δx) 

Upper (river basin) Lower (end use) 

T
e

m
p

o
ra

l 
s

c
a
le

 (
Δ

t)
 

Operational 

(short term) 

 

(daily operational orders 

to satisfy the actual 

demand) 

• State of reserves (reservoirs, 

aquifers, ...) 

• Meteorological forecasts –> 

unregulated inflows 

• Travel times: river/channel  

• Losses: ET, rivers 

• Demand forecast curves 

(hourly, daily) 

• Infrastructure capacities 

• Travel times: treatment plants 

and pipes  

• Losses: distribution network 

Management 

(seasonal-annual) 

 

(forecasts and 

operational rules 

definition) 

• State of reserves & forecasts 

(reservoirs, aquifers, ...) 

• Storage capacities, costs 

• Normal operating rules 

• Source and usage 

prioritizations 

• Treatment and distribution 

capacities, maintenance 

requirements, costs 

•  Demands under normal 

conditions 

Planning 

(long-term) 

 

(infrastructure planning) 

• Water availability trends 

•  Storage needs 

• Water usage trends 

•  Infrastructure needs 

Table 5 ”Water supply management decision processes according to spatial and temporal scale” 

The primary objective of the WatERP project is to improve water and energy efficiency during water 

supply distribution. While the OMP that will be developed in the WatERP project will support all of the 

above decision-making processes, the novelty of the WatERP approach consists in addressing the 

shorter-term decisions involved in water supply management since as of today, no tool is currently 

available, on an integrated level, for matching supply with demand across the entire water supply 

distribution chain. 

3.3 Information/Data Needs 

Each actor involved in the water supply distribution chain needs different data in function of the key 

variables that must be tracked throughout the distribution step in which they are involved or connected 

to, or as a function of the decisions they must take. It should be noted that in addition to the difference 

in variables of interest, there are also varying levels of data aggregation and frequency among system 

users. For instance, a water regulator may be interested in viewing the general trends regarding the 

availability of water reserves in the source areas. Depending on his decision-making level, he may be 

interested in seeing the individual water quantity and water quality data results, or if on a more policy-

related level, only needs to know if the water is of good quality and in sufficient quantities for legitimate 

uses. Bulk water suppliers are interested in basic water quality and quantity parameters whereas water 

utility operators must monitor very large quantities of parameters in order to adjust the treatment 
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processes over time. The following table (Table 6) attempts to summarize the primary information 

needed by the various water supply system actors (Table 3). 

Actor Information needed 

Regulators 

Quantitative and qualitative state of the water sources 

Water abstraction or diversion rates and volumes  

Stream flows and water levels at the points of water collection 

Water quality at the point of distribution, use and return 

Bulk water suppliers 

Source water levels, volumes and flows 

Water quality parameters at collection points 

Water withdrawal and/or diversion limits, environmental flow requirements 

Bulk-level water demands 

Water regulation costs 

Distributed water volumes 

Water losses 

Water utilities 

Available water volumes and quality 

Distribution network state 

End-user water demands 

Water distribution costs 

Consumed water amounts 

Unaccounted-for water losses 

Consumers 
Water quality data 

Water pricing structure 

Table 6 ”Information needed for the actors involved in water supply distribution” 

4. Uses of the Ontology 

The WatERP knowledge-base (ontology) must be communicated within an open and interoperable 

environment. As a first condition, the ontology must be available through the OMP developed during the 

project which in turn, will provide access to services and applications of the WatERP system and 

architecture. At the same time, the knowledge base must provide semantic relations to other systems or 

ontologies (e.g., LODC, SWEET, etc.). For these reasons, the knowledge base must be designed for a 

scenario in which the ontology can be continuously expanded as needs arise such that additional 

systems generating new scenarios to be controlled and/or applications capable of using the catalogued 

information (and/or the generated knowledge) could be added. The generation of new scenarios would 

augment the complexity and case-base reasoning of the water supply distribution chain management. 

In WatERP, two different scenarios will be modeled. Within these scenarios, the intent is to demonstrate 

that the proposed architecture and system elements developed in the WatERP project are suitable and 

effective in supporting water resources management decisions. The proposed scenarios are located in 
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Spain (Ter-LLobregat pilot) and Germany (Karlsruhe pilot). Both pilot cases are fully described in 

Deliverable 1.2 titled “Generic functional model for water supply and usage data”.  

As a first test scenario, the Spanish pilot is based on the Ter-LLobregat river water supply system of 

Catalonia. In this pilot case, the upper part of the water supply distribution chain is studied. In this part 

of the water supply distribution chain, allocation of available water resources according to the demand 

is necessary and the main problem is water scarcity. In order to overcome this challenge, the 

knowledge base must be able to represent and semantically interconnect the elements involved in the 

pilot (sensors, phenomena, measures, time series, etc). The main aim of the ontological representation 

is to provide recommendations (from where the water should be taken) and alerts (regarding possible 

source water affectations or system anomalies). Furthermore, the knowledge base must be able to 

associate water demand and supply elements to help in improving water management decisions, 

understanding the relationships between water supply chain elements and generating accurate 

alerts/recommendations. 

As the second test scenario, the German pilot is focused on the Karlsruhe city water supply system. In 

regards to this case study, the lower part of the water supply distribution chain is studied. The problem 

of this pilot is quite different to the Spanish one. In this case, Germany pilot does not have a water 

scarcity problem as its sole water source, groundwater, always has sufficient reserves to meet demand. 

The problem to be addressed in this pilot concerns the energy used in providing the needed water to 

the users. Indeed, a large amount of energy is used during water abstraction followed by energy losses 

during distribution. Energy efficiency is intricately connected to water usage efficiency and reflects an 

interesting use case given the desire to reduce both water and energy consumption in Europe, 

increasing energy prices and awareness of people and companies regarding atmosphere emissions. 

Given this problem description, the knowledge base must be able to represent energy use during water 

distribution. In addition, the ontology must provide alerts (e.g., anomalies, mal-functions, energy 

consumption levels) and recommendations (e.g., regarding the expected water demand and 

corresponding pumping schedules) in reference to critical energy consumption points. 

5. Ontology Requirements 

Ontology requirements are showed in form of Competency Questions (CQs). The CQs’ (Staab & 

Studer, 2009) primary objective is to align the scope determined with the information to be included into 

the ontology. CQs are a list of questions that also serve to judge ontology information and 

representation. These questions do not need to be exhaustive. The CQs can be divided in two groups, 

questions related with Spanish problem and questions related to German problem. These two cases 

represent two very different decisions realms within the domain of water resources management with 

regards to the needs, priorities and decisions that are made. 
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As already introduced in the previous sections, there are three different areas in which a water expert 

user must answer questions: 

 Supply: How much is the available water supply from different sources and of what quality? 

 Demand: Who needs water, how much and of what quality? 

 Management: How can we match supply and demand? 

From the two pilots, a number of different questions can be used to guide the development of the 

overall WatERP ontology. 

5.1 Spanish problem Expert User Decisions 

The decisions in the Spanish pilot, are based on how to supply both current and future demands, and if 

this is not possible (that is, under a scenario of water scarcity), how to prioritize the available sources to 

satisfy the most important demands. 

The following tables (Table 7, Table 8 and Table 9) present examples of the types of questions that the 

expert user must ask on a monthly but also daily basis when deciding how to best allocate the available 

water, and which the ontology must therefore be able to support. 

With regards to water supply, the expert user has to solve the next questions: 

Question Description 

What is the current level of reserves? 

In this question the expert user needs to know how much water is in 

the system. Based on this answer, the expert user can define the 

current scenario (normal conditions, drought, flood) 

Are any new inflows expected to enter 

the system? If so, how much? 

Based on this question the expert user can define the future water 

inflows into the system and how the current scenario will evolve 

Are there non-regulated inflows in the 

lower part of the basin? If so, how 

much? 

The non-regulated water represents available water inflows into the 

system, but this resource cannot be stored, so the expert user can 

prioritize the use of this kind of water. 

Are there any available alternative 

sources (e.g., desalinated water)? 

Costs? Production capacity? 

The expert user can use alternative sources of water under a scarcity 

scenario but must consider the associated cost and capacity of 

production. 

Are there any water quality constraints 

(temperature, pollution)? 

Under specific conditions (for example a storm or a contamination 

event), water may be temporarily unsuitable for use. These constraints 

must be taken into consideration by the expert user when evaluating 

water availability as well as how to allocate the water among users. 

Table 7 ”Example expert user questions in the upper part of the distribution chain related to water supply” 

With regards to water demand:  
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Question Description 

What are the current demand levels? 

Future forecasts? Water use 

priorities? 

How much water is used today? How much water is going to be used 

in the future? 

Is there a required environmental flow 

requirement? Value? 

The expert user needs to know if there are any environmental 

requirements that must be satisfied as these constraints may limit the 

amount of water that can be withdrawn from a river, or may require a 

minimum release rate from the reservoirs. 

What is the current drinking water 

use? Source options? Future needs? 
The expert user usually has to prioritize the drinking water demand. 

What is the current industrial water 

use level? Supply options? 

When demand is greater than supply the expert user must know as 

accurately as possible how much water is needed and available for 

each use. 

What is the current irrigation water 

need? Usage? Forecasted needs? 

When demand is greater than supply the expert user must know as 

accurately as possible how much water is needed and available for 

each use. 

What is the minimum hydropower 

operation flow requirement? 

Some water uses (as hydropower) require a minimum flow rate. These 

requirements must be taken into account by the expert user in order to 

ensure that all water needs are considered.  

Table 8 ”Example expert user questions in the Spanish pilot related to water demand” 

Questions related to water management:  
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Question Description 

What is the source priority? 
When there are several different water sources, how should these be 

used and prioritized? 

How much water needs to be released 

from the reservoirs? And from which 

ones? 

The main source of regulated water are the reservoirs, the expert user 

has to decide how to manage these water sources and when as well 

as how much of this water should be released to supplement the non-

regulated water flows. 

Are there any losses in the 

conveyance/distribution network? 

There are several ways to detect system losses, this is important 

because the expert user needs to minimize them. 

Are alternative water supply sources 

(desalination, water reuse) 

necessary? 

If demand is greater than the currently-available sources, the expert 

user can decide whether or not to use alternative water sources. 

Are there any incidents at the water 

treatment plants? Maintenance 

requirements? 

Water treatment plants require periodic maintenance and sometimes 

experience operational problems, the expert user needs to know the 

cause of the interruption and how much time will be required before 

the plants can function again to maintain water supplies and minimize 

unused water losses in the system. 

Is water (quality) suitable for expected 

use? 

Each water use requires a different water quality, the expert user has 

to determine whether the quality is sufficient for the various uses and 

match resources and uses according to these needs. 

Table 9 ”Example expert user questions in the Spanish pilot related to water management” 

5.2 German problem Expert User Decisions 

In the German pilot, the decisions are based on providing water to the end users. In the case of the 

Karlsruhe supply network, there is no problem of water scarcity but rather, the concerns are associated 

with energy consumption to minimize energy cost. 

The following table presents examples of the types of questions that the expert user must ask on a daily 

to hourly basis when deciding how to operate the pumps from the four water works (aquifers), from the 

water works to the main reservoir, the rate at which the main reservoir should be emptied, and how 

much water should be fed to the distribution network from the main reservoir instead of directly from the 

water works to meet the current and expected future daily demand and to minimize the energy cost of 

pumping as much as possible. 

With regards to water supply, the expert user has to solve the next questions  
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: 

Question Description 

What is the water level in the main 

reservoir? 

If the expert user knows how much water is the main reservoir, he can 

know if he needs more water and how much. 

Is there a water quality constraint? Quality constraints could affect water provisioning. 

Table 10 ”Example expert user questions in the German pilot related to water supply” 

With regards to water demand: 

Question Description 

What is the current water use? 
The expert user can decide how to distribute the water towards the 

different parts of the city. 

What is the next day expected water 

demand? Peak demand? 

Demand forecast for the next day is the most important information to 

minimize water pumping energy cost. 

Table 11 ”Example expert user questions in the German pilot related to water demand” 

And finally, related to water management: 

Question Description 

What is the current pumping rate out 

of the water works? 

The current pumping rate is the main variable for an expert user to 

know the current energy cost. 

What is the current inflow rate into the 

main reservoir? Outflow? 

How is the main reservoir being filled now? With this information and 

the current pumping rate an expert user can understand how the 

water is used and if the filling rate is correct. 

Is the minimum pressure level 

maintained everywhere in the system? 

The expert user uses the pressure level variable to know if the water 

is coming to all places or not. 

How full does the main reservoir need 

to be tomorrow morning? 

Based in the next day demand, the expert user can decide how many 

water is needed in the main reservoir to supply the demand. 

How should the pumping rates be 

adjusted given the current demand 

curve? 

Given the answer to the other questions, the expert user can take a 

decision about a better pumping rate to minimize the energy 

consumption. 

Table 12”Example expert user questions in the German pilot related to water management” 

6. Taxonomy (Pre-Glossary of Terms) 

This section presents the main terms (taxonomy) that will be included in the WatERP ontology. As 

mentioned in the previous section, the knowledge base must be constructed thinking of a continuously 

expanding scenario. Furthermore, the development process of the ontology (see Section 1.1) has been 

defined as iterative in order to generate a generic ontology for the water supply management field as 

the project developments are incrementally tested in the pilot-cases (specific scenario in the population 
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process). For these reasons, the taxonomy will be amplified during the project to include new terms and 

expressions (properties, restrictions, axioms, etc).  

In the process of the taxonomy construction, multiple aspects have been taken into account. On the one 

hand, the definition and data gathering from the pilots has been very important to achieve a general 

knowledge about the water supply distribution chain. Information regarding the two pilots (German and 

Spanish) was provided concerning the necessary ontological details such as (i) language used in the 

water supply field and variables that are currently tracked; (ii) time interval for decision-making and data 

collection; (iii) data schemes and systems interconnection; and (iv) descriptions of the decision making 

processes. On the other hand, an analysis of the currently existing hydrological ontologies revealed the 

need to describe in greater detail certain elements of the water supply distribution chain, especially 

those related to management and decision processes. The incorporation of concepts related to water 

management is interesting. In spite of the detailed level of defined concepts in the existing hydrological 

ontologies, an enhancement in ontological expressivity (properties, restrictions, axioms, etc.) is needed.  

The current version of the taxonomy contains the terms associated with the description and definitions 

related to the complete water supply management process. In the first iteration of the ontology, 

concepts related to the water and environmental field of the CUAHSI ontology are included. The 

created taxonomy contains around 600 terms from the water field. Furthermore, concepts and terms 

related to the WaterML2 schema and SSN ontology have been included in order to give more sense to 

the information transferred by the WaterML2 (more detailed in Deliverable 1.2 – “Generic functional 

model for water supply and usage data”). Another key feature of the taxonomy is the generation of 

“disjoint” classes in order to separate and limit the instantiation of some entities. This means that for 

each concept defined in the taxonomy, a group has been created in order to separate definitions during 

the instantiation stage (population process). Furthermore, disjoint classes provide a knowledge 

separation and the ability to remove inconsistencies. 

Finally, as the taxonomy is very large, a description of the most important entities (core of the 

taxonomy), organized by categories which will support the functional model (proposed in Deliverable 

1.2) is presented in this section. In addition, during the presentation of the taxonomy core, variables 

have been included in order to make more understandable the entity and the concept represented.  

6.1 Entity “Actors” 

An actor is defined as any kind of user that is somehow related to the water supply distribution chain 

(more detailed on Section 3.1). The “Actors” entity has been included into the ontology with the aim of 

align parts (measurements) of the water supply distribution chain with the roles involved. This entity can 

be useful in order to align actions and recommendations to the specific roles depending where the 

recommendation or decision is needed. The “Actors” term has been categorized depending on the 

responsibilities in the water supply distribution chain:  
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 Bulk_Water_Suppliers. Type of actor who has responsibility for the large scale provision of 
water supply to large users.  

 Regulators. Type of actor that develops regulations and legislation designed to encourage the 
proper management of water supplies. 

 Water_Utilities. Type of actor who owns or operates equipment or facilities at some point in 
the water supply distribution chain. 

 Consumers. Type of actor who uses water for his own personal needs. 

6.2 Entity “Actions” 

Actions are organized activities carried out to accomplish an objective, based on information regarding 

variables of interest as well as models and control systems, supporting the decision-making processes. 

As detailed in Section 3.2 water supply related actions take place according to different temporal and 

spatial scales in function of the type of question or problem that must be solved. The “Actions” term has 

been included as a way to perform some recommendations based on decisions that a specific actor can 

make in regards to an alert occurrence and/or water resources management need.  

6.3 Entity “Water Resources Management” 

Water management is the planning that considers all (or as many as possible) of the competing 

demands for water and seeks to allocate water on an equitable basis to satisfy all (or as many as 

possible) uses and demands (detailed in Section 2.1). The “Water Resources Management“ term has 

been selected to represent the water supply distribution chain which can be specified in the population 

process for each pilot case (Spanish and German). This entity is related to the logical model (detailed in 

“Deliverable 1.2 - Generic functional model for water supply and usage data”) that will be used to 

represent the water supply distribution chain elements.  

Based upon a review of previous water supply management modeling approaches and information 

organization methods, and validated by application to the pilot cases, the “Water Resources 

Management” term has been disaggregated into the following elements:  

 Source. Element which provides water resources to the water supply system. 

 Transport. Element involved in water supply management that moves resources from one 

place to another in the system. 

 Storage. Element involved in water supply management capable of retaining resources for a 

period of time for later introducing them back into the system when needed. 

 Transformation. Element involved in water supply management that modifies the properties of 

the water resource. 

 Sink. Element in which water resources are subtracted from the water supply system. 
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6.3.1 Source 

The concepts that have been included into the “Source” category are those that provide resources 

(water) to the system. Under this entity, this elements covers some “Phenomena” that can be observed 

such as “Precipitation”, “Sea” and “Transfer”. 

6.3.1.1 Precipitation 

This term introduces into the hydrological cycle (primarily rivers) the amount of water that enters the 

system. In order to obtain this amount, two steps are required: (i) Determine the amount of precipitation 

(rainfall, or snow water equivalent); and (ii) Distribute this water among its three possible 

transformations: evapotranspiration, infiltration, and surface runoff. 

Precipitation reaches the ground in the form of rain, drizzle, snow or hail. The reason for measuring 

precipitation is to obtain information regarding the amount of water that is produced in the system’s 

catchment area within a period of time. This information also allows the distribution of this produced 

water in time and space to be determined.  

This concept is measured with gauges and represents the amount of liquid water or snow precipitated 

during a particular time interval on a set surface. It should be noted that a factor to account for the 

specific location of the gauge must always be applied to the measured value. When water is not in 

liquid state, a transformation function must be used between the current state and the liquid form. It 

should be noted that with regards to snowfall, it is important to also measure the thickness of the layer 

of fresh snow covering a horizontal surface.  

To extrapolate the specific information provided by a gauge to an entire surface, interpolation 

algorithms are used, such as splines or variants of inverse distance weighting. The topography must be 

taken into account when interpolating precipitation data and typically, weather models are used to do 

the interpolation. 

Table 13 presents a summary of the variables that are related to precipitation. For each variable, the 

corresponding units and process for obtaining the variable are also indicated.   
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Variable Units Obtaining process 

Precipitation mm (l/m²) Measurement 

Snow water equivalent mm Measurement 

Snow cover depth cm Measurement 

Elevation m Measurement 

Table 13 "Precipitation Variables identified" 

It should be noted that instead of being measured, precipitation can also be forecasted (see Table 14). 

In the context of future precipitation forecasts, there are several types of prediction methods (Figure 6): 

 Short-term (up to 2 hours) rainfall forecast, which is obtained through a nowcasting 

technique. It consists of an extrapolation of the rainfall field using the motion field previously 

calculated based on the latest measured radar data. 

 Mid-term (up to 6 hours) rainfall forecast that is obtained through a blending technique. It 

consists of combining the rainfall field extrapolation (nowcasting) with Numerical Weather 

Prediction (NWP) models precipitation estimates. 

 Mid-long term forecast (up to 7 days), which would be purely based on NWP models 

prediction. Although forecasts can be generated up to 7 days in advance, the accuracy of the 

prediction beyond 3 or 4 days usually decreases significantly. 

 

Figure 6 ”Precipitation forecasting” 

 

For these predictions, the following data will be necessary: 

Variable Units Obtaining process 

Radar data dBZ Measurement 

NWP models precipitation data mm (l/m
2
) Simulation 

Table 14 "Measurements for precipitation forecasts" 

Once the amount of precipitation is known, it is necessary to determine how this water distributes itself 

between: evapotranspiration, infiltration, and surface runoff. 
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Figure 7 "Precipitation transformation process" 

6.3.1.1.1 Evapotranspiration 

Evapotranspiration is the combination of evaporation from the ground surface and transpiration by 

vegetation and can represent an important water loss from drainage basins. The rate of 

evapotranspiration depends on weather conditions, soil structure, vegetative cover conditions, and the 

amounts of water stored on the canopy, in surface depressions and in the soil.  

The evapotranspiration rate is particularly important in the context of estimating irrigation water 

demands. It is either estimated based on published values or computed based on soil water limitation 

and depending on the estimation model used, could require the following input information: 

Variable Units Obtaining process 

Solar radiation 
Watt/m

2
 

Lang/min 
Estimate 

Air temperature ºC Measurement 

Air humidity % Measurement 

Wind speed 
m/s 

km/h 
Measurement 

Pan evaporation rate mm/t Measurement 

Pan coefficient dimensionless Estimate 

Evapotranspiration rate mm/t Estimate 

Table 15"Evapotranspiration measurements" 

6.3.1.1.2 Infiltration 

During precipitation events, a portion of the water infiltrates into the ground and enters the soil. The rate 

of infiltration is affected by soil characteristics including ease of entry, storage capacity, and 

transmission rate through the soil. The soil texture and structure, vegetation types and cover, water 
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content of the soil, soil temperature, and rainfall intensity all play a role in controlling infiltration rate and 

capacity. The amount of infiltration determines the rate of groundwater recharge. 

The rate of infiltration can be measured using an infiltrometer. Alternatively, several methods have been 

developed to estimate this rate and are usually included in hydrologic models (see Table 16). 

Variable Units Obtaining process 

Soil type dimensionless Estimate 

Land cover type dimensionless Estimate 

Soil moisture 
kg/m

2 

mm 
Estimate 

Soil water capacity mm/mm Estimate 

Soil temperature ºC Estimate 

Soil infiltration capacity mm/t Measurement or estimate 

Table 16 "Infiltration measurements" 

6.3.1.1.3 Surface water runoff 

When the precipitation rate exceeds the infiltration rate, runoff will usually occur unless there is some 

physical barrier. It is related to the saturated hydraulic conductivity of the near-surface soil and defines 

how much water enters the river system. 

Knowing the weather and soil conditions, a physical model can be used to transform rainfall into runoff 

that enters the river. The input data required for this type of model depends on the model, but generally 

includes the parameters already mentioned above (regarding the state of the system) and the specific 

parameters of the model: 

Variable Units Obtaining process 

Catchment area m² Measurement 

Slope m/m Measurement 

Runoff coefficient dimensionless Estimate 

Runoff m³/s Estimate 

Table 17 " Surface water runoff measurements" 

6.3.1.2 Sea 

The “Sea” concept provides water for desalination infrastructures. Since seawater volume is not 

normally a restriction, this source is measured as the inflow to the desalination plant (see Table 18). 

Variable Units Obtaining process 

Desalination plant inflow m³/s Estimate 

Table 18 " Seawater usage measurements" 
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6.3.1.3 Transfer 

This concept describes a water transfer from another water supply system or river basin. It is presented 

as a volume per unit of time (see Table 19). 

Variable Units Obtaining process 

Transfer flow m³/s Estimate 

Table 19 “Transfer measurements” 

6.3.2 Transport 

The “Transport” entities are responsible for moving water from one place to another in the system. 

During this process, temporal delays occur and there are limits to the volume that can be transferred.  

6.3.2.1 River or Channel 

“River or Channel” represents entities that transport water from one location to another in the natural 

drainage chain. For such entities, it is necessary to calculate the routing of the water to see how the 

volume and flow evolve over time within the river or channel. There are numerous routing techniques, 

but in general, the primary variables used are the inflow, the initial state of the channel and its shape 

(see Table 20).  

Variable Units Obtaining process 

Water level m Measurement 

Flow m³/s Measurement 

River or channel shape (width, slope, cross sections) m Measurement 

Table 20 "River Measurements" 

6.3.2.2 Distribution 

Represents an entity in which the water is distributed to the end user, in the lower part of the water 

supply chain. Typically this is done by way of a closed pipe network (see Table 21). 

Variable Units Obtaining process 

Flow m³/s Measurement 

Minimum required flow m³/s Design 

Maximum possible flow m³/s Design 

Travel time t/m Design 

Slope m/m Design 

Table 21 "Pipes Network Measurements" 

6.3.3 Storage 

“Storage” concepts are those used for temporarily storing resources for a later usage. 
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6.3.3.1 Reservoir 

The “Reservoir” concept is aligned with artificial lake, storage pond or impoundment from a dam which 

is used to store water. The following variables are used to determine the state of a reservoir:  

Variable Units Obtaining process 

Water level m Measurement 

Storage volume hm³ Measurement 

Storage capacity hm³ Measurement or design 

Dead storage volume hm³ Design 

Inflow m³/s Estimate 

Outflow / release /discharge m³/s Measurement 

Table 22 "Reservoir measurements" 

In addition to the parameters of Table 22, reservoirs are typically also defined by elevation-storage and 

elevation-discharge curves (paired data). 

6.3.3.2 Aquifer 

An aquifer is an underground layer of water-bearing permeable rock or unconsolidated materials 

(gravel, sand, or silt) from which groundwater can be extracted using a well. Its defining variables are: 

 

Variable Units Obtaining process 

Groundwater level m Measurement 

Groundwater storage volume hm³ Measurement 

Aquifer storage capacity hm³ Measurement 

Recharge rate m³/s Estimate 

Table 23 "Aquifer variables" 

6.3.3.3 Tank 

A storage tank is a container for holding water. Its defining variables are similar to those of reservoirs 

except that they can be pressurized for correct operation in the supply network. Therefore, in addition to 

the reservoir-related variables, pressure may also need to be taken into account: 

Variable Units Obtaining process 

Water level m Measurement 

Pressure Pa Measurement 

Storage volume hm³ Measurement 

Storage capacity hm³ Measurement or design 

Inflow m³/s Estimate 

Outflow / release /discharge m³/s Measurement 

Table 24 "Tank variables" 
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6.3.4 Transformation 

A transformation entity changes the value of the different parts of the system, providing a quantitative 

property to existing information. 

6.3.4.1 Treatment 

Water treatment consists of industrial-scale processes that remove unwanted substances from water to 

render it suitable for usage. Treatment could also apply to wastewater or sewage to produce an effluent 

suitable for disposal to the natural environment. These processes are done in a treatment plant. 

Variable Units Obtaining process 

Treatment plant inflow m³/s Measurement 

Treatment plant outflow m³/s Measurement 

Treatment plant storage capacity m³ Design 

Treatment plant storage volume m³ Measurement 

Treatment capacity m³ Design 

Treatment volume m³ Measurement 

Energy use watt Measurement 

   

Table 25 "Water Treatment variables" 

6.3.4.2 Hydropower 

Hydropower is power derived from the energy of falling water, commonly hydro-electric in nature. The 

variables presented in Table 26 are those that are related to hydropower processes. 

Variable Units Obtaining process 

Water diversion capacity m³ Design 

Maximum allowable diversion m³/s Regulatory 

Water diversion water level m Measurement 

Water diversion rate m³/s Measurement 

Water diversion volume m³ Estimate 

Reservoir storage capacity hm³ Design 

Reservoir storage volume hm³ Measurement 

Power generation capacity watts Design 

Water head m Measurement 

Turbined volume m³ Measurement 

Energy produced watts Measurement 

Efficiency % Measurement 

Energy used watts Measurement 

Hydropower plant discharge m³/s Measurement 

Table 26 " Hydropower variables" 
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6.3.4.3 Desalination 

Desalination refers to the processes of salt and other minerals from saline water to produce fresh water 
suitable for human consumption or irrigation. The variables of Table 27 are related to desalination. 
 

Variable Units Obtaining process 

Desalination plant water production capacity m³/d Design 

Desalination plant water production rate m³/d Measurement 

Desalination plant water production volume m³/d Estimate 

Desalination energy use kWh Measurement 

   

Table 27 "Desalination process variables" 

6.3.5 Sink 

The entities which are in this category of sinks are those that remove resources (water) from the 

system.  

The “Sink” concept is closely related to the “Water Uses” concept described in the Section 2.1.2 and 

Section 6.3.5. 

6.4 Water Uses 

The “Water Uses” concept represents the end purpose of the water supply chain (detailed in Section 

2.1.2). Depending water use, water resources are treated in a different manner or using a different 

process. This specific term can be subdivided into:  

 Recreational_Use. If water is used for recreational purposes. 

 Industrial_Use. If water is used by industries as part of their production processes. 

 Agricultural_Use. If water is used for agricultural purposes such as irrigation. 

 Urban_Use. If water is used for urban activities. 

 Environmental_Use. If water is left in its natural courses for environmental purposes. 

6.4.1 Environmental Use 

As described in Section 2.1.2, “Environmental Use” is non-consumptive in nature, implemented to 

guarantee minimum flows in rivers to support healthy aquatic ecosystems over time (see Table 28) 

Variable Units Obtaining process 

Environmental flow m³/s Measurement 

Table 28 " Environmental Use Measurements" 
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6.4.2 Domestic Use 

“Domestic Use” concept has been defined in the Section 2.1.2. The following variables (see Table 29) 

are used to quantify the number of persons/commerce for which water must be provided.  

Variable Units Obtaining process 

Population person Estimate 

Population density persons/km
2
 Measurement 

Number of households household Measurement 

Size of households persons/household Measurement 

Household density households/km
2
 Measurement 

Family income €/household Estimate 

Residential property value €/property Estimate 

Size of residential properties m
2
 Measurement 

Number of commercial/institutional establishments number Measurement 

Per capita water use rate m
3
/person-day Estimate 

Water use volume m
3
/day Measurement 

Water return rate m
3
/day Estimate 

Table 29 "Domestic Use measurements" 

6.4.3 Agricultural Use 

Most of the water used in agriculture goes to irrigate land to improve crops. The variables related to this 
water use (see Table 30) are the following:  
 

Variable Units Obtaining process 

Land use area m
2 Measurement 

Irrigated area m
2
 Measurement 

Crop area m
2
 Measurement 

Crop coefficient dimensionless Estimate 

Potential evapotranspiration rate mm/t Estimate 

Water withdrawal or diversion rate m
3
/t Measurement 

Water withdrawal volume m
3
 Estimate 

Water return rate m
3
/day Estimate 

Table 30 "Agricultural Use measurements" 

6.4.4 Industrial Use 

The variables associated with industrial water use (see Table 31) are centered on the industrial activity 

and the water used in the activity performance.  

Variable Units Obtaining process 
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Activity level unit Estimate 

Water use rate per unit of activity m
3
/unit Estimate 

Water withdrawal or diversion rate m
3
/t Measurement 

Water withdrawal volume m
3
 Estimate 

Water return rate m
3
/day Measurement 

Table 31 "Industrial Use measurements" 

6.4.5 Recreational Use 

As mentioned in Section 2.1.2, recreational uses represent a small percentage of overall water usage. 

The variables associated with this usage (see Table 32) are the following.  

Variable Units Obtaining process 

Reservoir or lake level m Measurement 

Reservoir or lake volume m
3
 Estimate 

Recreational water release rate m
3
/s Measurement 

Recreational water release volume m
3
 Estimate 

Table 32 " Recreational Use measurements" 

6.5 Entity “Features of Interest” 

A feature of interest (ISO 19109, ISO 19101) is a representation of the real-world object over which an 

observation is made. At this entity is where the physical model meets the WaterML2 (Open Geospatial 

Consortium, 2012) schema in order to render the data interoperable. The W3C-SSN ontology was 

taken into account to define the feature of interest. In addition, the feature of interest includes as an 

attribute the location of the station where the observation is performed.  

6.6 Entity “Observation” 

An observation is considered to be an act through which a number, term or other symbol is assigned to 

a phenomenon. An observation is a type of event and thus is associated with a discrete point in time. 

An observation is described taking into account the interoperability with WaterML2 schema. Finally, an 

observation measures one or a set of observation properties (phenomena) for a specific “Feature of 

Interest” by a specific “Procedure”.  

6.7 Entity “Phenomenon” 

A phenomenon (or observation property) is defined as the qualities that can be observed by a certain 

types of “Features of Interest” (real-world objects). Similar to the previous entity (“Observation”), this 

entity has been selected in order to make understandable the WaterML2 schema. Phenomenon has 

been classified depending on the kind of observation performed:  
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 InfrastructurePhenomena. Variables that are related with water infrastructure resources such 

as Distribution Network, Tanks, Hydropower, Water Treatment Plants, etc. The variables 

referred in this concept are aligned with “human-altered” elements.  

 EnvironmentalPhenomena. In contrast, the variables that conform the environmental 

phenomena are those related with the Biological, Geological and Hydrological fields. These 

variables are focused on natural properties that can be measured. Furthermore, the 

phenomena categorized in Biological and Geological concepts have been extracted from the 

CUAHSI ontology (including this ontology in the WatERP one).  

 Socio-EconomicPhenomena. Socio-Economic phenomena are aligned with the variables 

identified by the uses of water.  

 TechnicalObservationsPhenomena. Technical observations includes the phenomena of 

“Water Return” and “Water Use” that are abstract concepts that can include other phenomena 

or procedures of the variables mentioned above.  

6.8 Entity “Procedure” 

Procedure is a description of “how” an observation is performed. Based on this definition, an inclusion 

of Procedure entity has been taken into account for two reasons: (i) align the ontology to WaterML2 

schema; and (ii) to show how a “Phenomena”(s) is performed (e.g., a Phenomena can be the result of a 

multiple parameters measured).  

In one hand, “Procedure” term is aligned with the variables identified throughout the “Water resources 

Management” (see Section 6.3). On the other hand, CUAHSI parameters have been taken into account 

in order to make WatERP ontology more interoperable. In addition, procedure concept is 

subcategorized depending on it nature in: 

 BiologicalParameters. Measures related with the environment element that can affect to the 

water cycle such as “Chlorophyll”, “Phytoplankton”, “Biochemical Oxygen Demand”, etc.  

 ChemicalParameters. As name said, chemical parameters are chemical elements that can be 

found in the environment.  

 PhysicalParameters. Measures that are related with physic field. For example, the identified 

measures are “Water Temperature”, “Rates”, “Pressure”, etc. 

 InfrastructureParameters. This entity groups the measurements identified in water facilities.  

 Socio-EconomicParameters. As name said, this variable describes the phenomena related 

with socio-economic entity (e.g., “Total amount of users”, “Activity level”, etc).  
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6.9  Entity “Offering” 

Offerings are defined as a grouping of “Features of Interest”, “Procedures” and/or “Phenomena” using a 

common name. This entity is used in WaterML2 to give more accessibility to the information that is 

measured. Also, this entity provides the user the freedom to rename specific measurement processes.  

6.10 Entity “Result” 

The result is a symbol representing a value as the outcome of an observation. This entity has been 

defined as a way to categorize the types of data (values) that are generated during an observation. 

Results that have been taken into account are related with the kind of measures included in the 

WaterML2 schema:  

 TimeValuePair. This data type is related with a pair that on the one hand represents the date 

value of the measurement and, on the other hand represents the specific value for the defined 

time interval.  

 Point. Regards values that are not dependent on time, this data type reflects only the 

measured value.  

 TimeSeriesObservation. This data type is aligned with a set of TimeValuePairs in order to 

represent a time series of values. 

6.11 Entity “Alert” 

Alerts serve to notify of an approaching abnormality, danger, emergency, or opportunity regarding the 

management of water resources. 

 

7. Conclusions and Future Work 

This section of the deliverable tries to summarize the conclusions and results (Section 7.1) obtained 

from the work developed in the “Task 1.1- User categories definition” and “Task 1.2- Generic water data 

taxonomy”. Both tasks have finished with the present deliverable. However, the work related with the 

ontology development is not finished. As mentioned during the document, the knowledge-base 

development is an iterative process in which “early-analysis” has been done and “implementation” stage 

has started recently.  

The future work (Section 7.2) related this document is focused on taxonomy enhancement with 

ontological resources (properties, axioms, data properties, etc) in order to elaborate a knowledge-base 

that permits detect alerts and offer recommendation based on the expert user experience. 
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7.1 Conclusions 

Water supply managers, whether in the government or private sectors, have to make difficult decisions 

regarding water allocation. Meanwhile, the actors involved in the water supply distribution chain have to 

ensure that the matching between the allocated water supplies and demand is actually achieved, 

including the numerous monitoring and operations undertaken every day to ensure a continuous and 

reliable water supply. More and more they have to apportion diminishing supplies between ever-

increasing demands. Drivers such as demographic and climatic changes and extreme events further 

increase the stress on water resources. The traditional fragmented approach is no longer viable and a 

more holistic approach to water management is essential. 

The taxonomy and ontology developed in the WatERP project will encompass not only the hydrological 

cycle elements, but will attempt to include all of the factors and entities that must be considered by the 

various actors during water supply management. Integrating information regarding users and uses 

across geographical and organizational scales will enable a more integrated water resources 

management to be achieved and should result in both water and energy savings. 

Prior to developing the taxonomy, a review was made of related previous European research projects, 

current water consumers and usages were evaluated to determine the key variables that should be 

tracked throughout the water distribution network, and existing ontologies were examined. 

As a result of the above considerations, the NeoN methodology is being used to develop the taxonomy. 

The use of a methodology provides a more structured way of working, and thanks to its use, 

development time is minimized and effectiveness is increased. The results of the “early analysis” stage 

of the methodology are presented in deliverables D1.1 – “Generic taxonomy for water supply 

distribution chain” and D1.2 – “Generic functional model for water supply and usage data”.  

In conclusion, the problem description, scope, needs, ontology uses and ontology requirements have 

been portrayed in this deliverable. Due to description, the problem has been contextualized providing 

the necessary terms to cover the taxonomy. With the goal of completing a pre-glossary of terms, 

previously existing ontologies have been reviewed, including SWEET, CUAHSI, and SSN. Finally, 

following the identification of terms, WaterML2 has been reviewed to extract knowledge and incorporate 

it in the pre-glossary. 

7.2 Future Work 

The future work to be accomplished during the next steps in the WatERP project are related with the 

ontology development (Work Package 1) that also gives support to the development of OMP 

development (Work Package 6), Decision Support System (Work Package 4), Demand Management 

System (Work Package 5) and Data Management (Work Package 3).  
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In a technical point of view, taxonomy and ontology concepts presented in this document will be 

incrementally enhanced and refined throughout the WatERP project. This incrementally enhancement 

corresponds with the incorporation of ontological resources (properties, axioms, restrictions, data 

properties, etc) based on the expert experience represented by functional models (Deliverable 1.2- 

“Generic functional model for water supply and usage data”). Moreover, needed ontological resources 

will be included using ontological annotations in order to open WatERP ontology to other systems, 

provide perception to the ontological resources, and also improve data provenance. Furthermore, non-

ontological resources will be included in order to makes interoperable the ontology with standards 

systems, as for example OGC.  

As a conclusion, while the intent is to develop generic tools that could be applied in any water supply 

distribution chain context, the project prototypes will be based on the pilot cases which will provide a 

real-world confirmation as to their validity. 
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9. Appendix A: Taxonomy  

The complete taxonomy has been attached with the deliverable in a file called “WatERPOntology.owl”.  

As mentioned throughout present document, the taxonomy has been codified in an OWL file. To open 

the taxonomy (also the ontology) an Integrated Development Environment (IDE) for ontology 

development is needed. In the WatERP project, the selected IDE for ontology development is Protégé. 

This software has been developed by Stanford University and can be downloaded from: 

http://protege.stanford.edu/download/download.html 

Once system has been downloaded, installed and started, to open the ontology is needed to click over 

“Open OWL Ontology” button (Figure 8).  

 

Figure 8 "Protégé main window" 

Before pulse the button, a file selector window must be opened (Figure 9). At this point, is necessary to 

write the path for the ontology file (“WatERPOntology.owl”) and pulse “Open” (in the figure is 

called “Abrir”
6
).  

                                                      

6
 “Abrir” is an Spanish Word that means “Open” 

http://protege.stanford.edu/download/download.html
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Figure 9 "Open WatERP Ontology” 

Finally, when the taxonomy/ontology has been opened, the ontology development environment must be 

initialized (Figure 10). Then, a click over “Entities” tag is necessary to show the taxonomy (Figure 11).  

 

Figure 10 "WatERP ontology main window" 
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Figure 11 "Taxonomy overview" 
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