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Abstract: The commoditization of water, increasing use of water for industries such as 
mining, and continued lack of access to water for everyday people have made the economic 
valuation of water a key issue in responding to the climate crisis. However, information about the 
cost of water in various sectors is relatively inaccessible to the public. Information science can 
respond to this issue by applying knowledge organization principles to water cost data, making 
information about the economic value of water more accessible to a broader audience. This paper 
provides an overview of the Online Water Cost Database (the water wiki), a cross-disciplinary 
project intended to respond to this identified informational gap. The water wiki is an online 
database which will support users in searching for the cost of water in different sectors and 
regions, and will allow users to contribute their own knowledge to the database. First, the paper 
introduces the context for the water wiki; then, the paper describes the three-phase development 
of the water wiki; the paper concludes with reflections on the cross-discipline scope of the water 
wiki and implications for library professionals working on similar projects in other sectors. 



INTRODUCTION 

As global industrialization advances, the undervaluation and overutilization of water is a 
rising concern (Catley-Carlson 2019). The demand for products resulting from water-intensive 
industries, such as mining for energy transition metals, is increasing as development advances 
and the climate crisis becomes more urgent (IEA 2016). This context is one that implicates every 
sector, including information sciences.  

The cost of using water differs significantly between communities and industry users, but 
there is little opportunity to freely access data about the cost of water at the local, national, or 
global scale. This lack of accessible information limits public engagement in conversations about 
water use; although international online resources about water costs exist (e.g. IWA n.d.; IBNET 
and GWI n.d.; Ziemba, Cornejo, and Beck 2011), there are no free and public resources that 
collate information from a variety of sectors, including public utilities, industry, academia, and 
local knowledge. The disparity in access to information across water use sectors contributes to 
the overexploitation of water by industry users, whose water use is described in private records 
rather than documents available to the public (Johnson, South, and Walters 2016). 

The Online Water Cost Database (the water wiki) is a project intended to respond to the 
identified need for intuitive, accessible, and transparent information about the cost of water. The 
water wiki has focused on public utilities and mining sector data because this information is 
widely available, and mining is a high-stakes sector where water use is highly contentious and 
only expected to grow as demand rises for energy-transition metals (Kunz and Moran 2021; 
Fraser and Kunz 2018; Church and Crawford 2020; Gielen 2021; Bebbington and Williams 
2008). However, the goal of the water wiki in coming years is to accommodate data from various 
sectors and water users including unpublished local knowledge from communities and 
individuals. The water wiki is being developed through an academia-industry collaboration 
between the Bradshaw Research Initiative for Minerals and Mining (BRIMM) at the University 
of British Columbia and mining equipment and engineering manufacturer FLSmidth. 

This paper describes the development of the existing water wiki prototype and next steps 
in its development. First, the paper introduces the context for the water wiki; then, the paper 
describes the three-phase development of the water wiki; the paper concludes with reflections on 
the cross-discipline scope of the water wiki and implications for library professionals working on 
similar projects in other sectors. 

CURRENT WATER PRICING TOOLS AND FRAMEWORKS 

Water pricing has been discussed in fora ranging from international conferences of 
NGOs, corporations, and governments at various levels (World Water Council 2021; United 
Nations n.d.), political grassroots gatherings on water (FAME 2022), local discussions on 
pollution and water quality (The London Free Press 2016), and interactions between water users 
and water suppliers at all scales (Shimo 2018). Since the 1992 Dublin Statement (International 
Conference on Water and the Environment, n.d.; The University of Nottingham n.d.) which 
emphasized that water has an intrinsic economic value and should be recognized as an economic 
good, there have been numerous debates on the role and relevance of the commoditization of 



water in the context of the international recognition of access to water as a human need and right. 
As neoliberal economic policy has evolved, many tools have emerged to address issues related to 
water commoditization, such as a lack of transparency of actual water costs, disparities in water 
pricing across sectors, and the tension between economic development and free water access for 
all. Key water pricing tools and methods in the public and private sectors are summarized below. 

International Water Association (IWA) 

The International Water Association (IWA) hosts the Water Statistics tool (IWA n.d.), 
which provides benchmark data on water prices in various cities around the world for free online. 
However, the tool is limited to domestic water consumption and prices, and generally on focuses 
on the capital cities of a select few countries. Data comes from IWA, and users need at least 
some background in water management to understand technical aspects such as water volume or 
comparisons between types of prices. 

International Benchmarking Network for Water and Sanitation Utilities 
(IBNET) 

The International Benchmarking Network for Water and Sanitation Utilities provides a 
Tariff Database (IBNET and GWI n.d.), which is a comprehensive online database of utilities 
prices. The size of this database is impressive and valuable to users, but the exclusive focus on 
utilities makes this database difficult to use in corporate decision-making or community 
advocacy settings. 

Private water tools 

While it is difficult to describe in detail the products used by private companies because 
of their proprietary nature, it is undeniable that models have been created by consulting firms for 
use by private corporations to assist in financial planning. These models calculate water costs 
based on company inputs and are useful for understanding the economic value of water in an 
industry context. However, by nature these tools are inaccessible to the public and therefore 
difficult or impossible to use in service of community interests. 

Scholarly publications 

Scholarly publications on the actual cost of water and methods for economically valuing 
water provide another avenue for understanding water cost (Cox et al. 2022; Young and Loomis 
2014; Karagiannis and Soldatos 2008; Aldaya et al. 2012). These publications contribute a 
nuanced perspective on water value which incorporates findings from scholarly research as well 
as data from the public tools listed above. While these publications are often open access, they 
can be inaccessible to the public either because they are circulated only in academic or industry 
circles, or because of the level and target audience of the writing. 



WATER PRICING GAPS 

The resources listed above are limited in scope: IWA only provides data created by its 
own researchers, IBNET focuses only on utilities, private tools are only accessible to the 
companies that pay for them, and scholarly publications are usually intended for an academic 
audience. The water wiki is an opportunity to bring together these resources at a meta-level, to 
create an entry point through which users can easily access data from a variety of sources. 

There are many diverse stakeholders implicated in the water wiki. As the water wiki 
evolves, users may include: interested, politically active community members; private companies 
looking to price the water they use for production; advocacy groups interested in compiling 
research about water usage and value to support political campaigns; or governments looking to 
benchmark their water regulations. For the prototype development, two key groups were 
identified for special consideration: (1) community water users and (2) industry water users. 
Often, the interests of these two groups are juxtaposed because of detrimental impacts on the 
environment and communities by major resource projects, and complex negotiations between 
economic development, environmental sustainability, and cultural and social well-being. The 
water wiki cannot address the root causes of inequalities between everyday residents of 
communities impacted by the overuse, pollution, or expropriation of water in their community by 
industry users; however, increased transparency supports both local communities and industry 
users in making accurate assessments of the economic value of their water to advocate for the 
payment of a fair price. Hefny’s (2010) work on water pricing in the Arab region provides some 
context for how the commoditization of water can contribute to or detract from equity in water 
pricing and use. 

The water wiki also endeavors to support local knowledge. While the project is in an 
initial prototype phase, work is underway to allow the wiki to accept user-generated data from 
individuals, communities and advocacy groups. This means that local communities who have, 
for example, interacted with industry users, tallied their own water-related expenditures beyond 
the prices set by the government, or calculated the economic value of what they have produced 
through reliance on water, can add their knowledge to the growing body of water value data in 
the world. This type of knowledge is needed but is rarely included in international statistical 
reports because of its local and contextual nature.  

THE WATER WIKI PROJECT 

The research team working on the water wiki includes: the first author, a library and 
information studies student at the University of British Columbia; two mining engineering PhD 
candidates; and two professors cross-listed in mining engineering, business, and public policy. 
The interdisciplinary nature of the research team has contributed to the wide scope of the project. 

From the outset, the water wiki has grappled with the reality that water is a deeply 
personal, intimate, and often fraught topic for many. Water is sacred to many communities; it is a 
necessity for human life; and it is a raw material needed for production from individual to 
transnational scales. For these reasons, discussions around water pricing is a highly contentious 
social and political issue (Middleton and Saunders 1997). Therefore, the water wiki does not 



seek to replace existing ways of relating with water. Instead, the water wiki seeks to respond to 
the informational gap on water data which benefits large, competitive users over individuals and 
local communities; when the cost of water is hidden or when water is not priced, local 
communities are deprived of one of the means of struggle against inequitable water usage and 
inadequate compensation. Based on analysis of existing water data and water costing tools, the 
water wiki uses a relational database structure to organize and describe water data. 

METHODOLOGY 

The project has thus far undergone three fluid, iterative stages: (1) Analysis, to determine 
the nature of the data and the problem presented (i.e. a lack of transparency in water pricing); (2) 
Database design, to build a structure to organize and describe water data; and (3) Prototype 
implementation, to create a small-scale website through which functions such as searching, 
filtering, and adding new information to the database can be tested. The three phases of water 
wiki development are described in greater detail below. 

Analysis 

This project was initially conceived as a “wiki” which would intake water-related data 
from users and present it in an easy-to-read format, based on other online wikis (e.g. Wikipedia). 
To assess the feasibility of this task and the nature of the data in question, the first author 
undertook a short review of water cost-related data and consulted subject matter experts on the 
research team to guide the development of the water wiki. 

Existing Data 

In 2020, prior to the first author joining the research team, an undergraduate research 
assistant compiled water cost data related to mining and agricultural activity in the Atacama 
Desert, a water-poor region which is also the site of significant mining activity. The reason this 
initial review focused on the mining and agricultural sectors is because of the high volume of 
water used in both activities, the contentious nature of mining in the region as both a key 
economic development sector and a contributor to environmental degradation, and the relative 
availability of data in both sectors. Two sample screen captures of the compiled data in their 
original Excel format are provided in Figure 1 below. 



 

Figure 1: Excel spreadsheet showing research on Atacama and other regional water costs. 

This data was difficult for the first author to parse as a non-subject matter expert, but it 
was an essential part of understanding key attributes of water data. These key attributes were 
identified as: price (i.e. price paid per unit of water), value (i.e. economic value contributed per 
unit of water), unit of measurement, water use sector (e.g. mining, agriculture), currency, and 
date (i.e. the date the water price or value was effective). These were later confirmed and 
expanded upon through discussions with subject matter experts on the rest of the research team. 

Subject matter expert consultations 

Early in the process of reviewing water management literature, the compiled water data 
described above, and the existing work of the research team, it became clear that water cost data 
was extremely complex and dynamic. The price of water can change rapidly; it varies based on 
location and water user; water is measured in different units and priced in different currencies 
around the world; and water cost can also include the economic valuation of negative impacts on 
water and wildlife that rely on water (e.g. fish, deer). 

Before choosing a method for organizing and describing these complex data points, the 
first author consulted with subject matter experts on the team (using design methods described in 
Coronel and Morris 2017). Team members identified key data characteristics and four desired 



interfaces for interacting with the data: a queryable database which generates tables based on 
search criteria, browsable ‘flat’ tables, downloadable reports, and interactive visualizations. 
These consultations were done using Google Jamboard, an interactive virtual whiteboard; screen 
captures of these Jamboards are provided in Figure 2. 

 

Figure 2: Google Jamboards resulting from subject matter expert consultations. 

Significantly, these consultations narrowed down the scope of “water costing data” to 
four specific types of water costs. These fall under two broad categories: (1) prices, which are set 



prices paid by users for water, and (2) values, which are derived based on the value of a product, 
regulated wildlife animal or plant, or other economically valued good which requires water 
(Grafton, Chu, and Wyrwoll 2020). The four types of water costs included in the water wiki are: 

1. Transactional price: These are listed explicitly in contracts which show the price paid 
by users for water. 

2. Regulatory price: These are set by governments to regulate individual or corporate 
water use, including pre-determined compensatory damages for anticipated 
environmental impacts. 

3. Environmental value: These are derived from the set price of environmental goods 
which rely on water. 

4. Derived value: These are derived from the value of goods produced by corporate or 
individual water users. 

Database design 

This project was not initially conceived of as a database project; rather, research team 
members hoped for a Wikipedia-like set of web pages which could easily accommodate user 
contributions and scholarly research. However, the complexity of water data supported the shift 
towards a relational database. Databases can accommodate many attributes without prioritizing 
one over the other; for example, users might wish to search only for data points relevant to their 
region, or a particular water use sector, or a particular data type (e.g. price over value). The 
relational database format allows users to create their own water data narrative without needing 
to interpret or compile information from across separate pages. It also creates a structure which 
can guide users in submitting their own knowledge, rendering their submissions readable and 
comparable to other data points. 

The design of the database started from two key principles to support accessibility and 
user engagement, namely: the system must be hospitable to new data, different types of data, and 
increasingly complex data; and the structure of the system and the description of the data within 
it (i.e. metadata) must be intuitive, so that users can easily compare data points from different 
sources and contribute their own knowledge. Based on these principles and the data 
characteristics identified in the Analysis phase, the first author developed an Entity Relationship 
Diagram (ERD) which is the foundation of the water wiki database (Figure 3). This diagram was 
based on an iterative list of entities and their attributes, which were then normalized and related 
to each other. 



 

Figure 3: Water Wiki database entity relationship diagram. 



This ERD uses crow’s foot notation to describe relationships between entities. It uses 
additional color-coding to distinguish between “standardized”, “non-standardized”, and “key” 
entities. These are defined as follows: 

• Standardized: These are entities which use a controlled vocabulary based on an 
existing standard. For example, each row in the “COUNTRY” table corresponds to an 
ISO country code. 

• Non-standardized: These are entities which can be added to without using a 
controlled vocabulary. 

• Key: These are non-standardized entities which are highlighted because they form the 
essential components of the database (i.e. the value/price of water, and the source 
where this data point came from). 

Some issues were raised during the database design phase. These include: 

• Consistency: The consistency and readability of data in non-standardized entities can 
be compromised by human error and variability in spelling, naming conventions, 
jurisdictional level, and other areas. For example, a company might appear many 
times in the “COMPANY” table if its various local, regional, and national branches 
are each listed as a separate record. 

• Many-to-many relationships: Price/value data points can involve multiple companies, 
jurisdictions, and other factors, which increases the complexity of database 
implementation. 

• Communities and non-humans: The inclusion of local communities and non-humans 
as database entities is untested. They are included on ethical grounds, as communities 
and non-humans are water users, and on practical grounds, as both communities and 
non-humans participate (advertently or inadvertently) in economic activities and 
therefore produce relevant data. However, political issues regarding inter-community 
and non-human relations are raised by the inclusion of these entities alongside 
standardized entities. In settler colonial nation states such as Canada, this is especially 
contentious in relation to Indigenous communities, who are most often impacted by 
inequitable water use; for example, the water wiki may be inhospitable to local 
communities who would otherwise use the wiki, as the current structure may ask 
them to label their unceded territory as part of Canada or another settler nation. 

Some questions were resolved, but many more were amplified during the prototype phase; these 
key issues in the database design will evolve along with the water wiki. 

Prototype 

The water wiki has gone through two prototypes, which can be described as follows: 
Prototype 1 — Data Collection; Prototype 2 — Web Development. The current prototype, #2, 
has been developed intentionally to support future development with minimal transition 
difficulties, as the research team changes and expands.  



Prototype 1 — Data Collection 

The first prototype was developed alongside the initial data collection by an 
undergraduate student research assistant (RA). Data collection was done using Excel. During this 
phase, the RA focused on the mining and utilities sectors due to the availability of data and 
especially the interest in mining because of the high risk and increasing scale of mining 
activities. Over 3000 data points were collected from 41 sources. 

Based on this Excel sheet, an initial database (on Airtable) and accompanying form (on 
Miniextensions) were developed to implement and test the database structure and a user 
submission form. Airtable is a proprietary software which functions like a relational database. 
While it is a powerful tool, its limitations became clear upon implementation: Miniextensions, an 
additional third-party platform, was required to allow users to add their own information; 
Airtable does not have full database query functions by default; and the nature of Airtable forces 
users to interact with the database directly without easily accessible contextual information (i.e. a 
home page on a website). However, this initial prototype was a valuable first step in visualizing 
the water wiki as an accessible online space where users can access data from a variety of 
sources and add their own data. Screen captures of Airtable and the Miniextensions user 
submission form are available in Figure 4. 

 



    

    

Figure 4: Prototype 1, hosted on Airtable (above) and Miniextensions (below). The Airtable 
database presents each data point as a row in a table, where some attributes are linked to other 
tables (other tables appear as tabs near the top of the image). The Miniextensions form (divided 
into four parts to show the entire form, starting at the top left, then moving to the top right, 
bottom left, and finally bottom right) shows how users can add new data to the Airtable database. 



Prototype 2 — Web Development 

In January, 2022, the research team hired a undergraduate student in computer science to 
implement an SQL database online. It was preferable to create our own system rather than 
relying on Airtable due to the limitations described above. The wiki is hosted on an AWS 
(Amazon Web Services) EC2 (Elastic Compute Cloud) instance. The data is stored in a 
PostgreSQL database and the backend is a Node.js API (Application Programming Interface). 
The frontend is implemented in React (a JavaScript library for creating user interfaces). An 
Nginx server is used to direct the traffic to either the API or React. A screen capture of this 
prototype is provided in Figure 5. 

 

Figure 5: Prototype 2, hosted on the web. This composite image shows the home page (top), 
search page (middle), and search results (bottom) in one image. 



The second prototype has the capacity to provide more context to users in separate web 
pages, to support many more database records, and to change in form and scope as needed. As 
the water wiki advances, further work is needed in three key areas: web development, data 
collection, and user interfacing. The long-term goal of the water wiki is to become an industry 
standard which simultaneously validates local knowledge and hosts reliable information; this 
prototype is a promising start in equalizing access to information about the cost of water. 

REFLECTIONS AND CONCLUSIONS 

This interdisciplinary project has highlighted key issues in librarianship and knowledge 
organization. Existing library and archival scholarship on diverse information needs (O’Brien 
and Greyson 2018), inequitable access to information (LaFrance et al. 2019), the nature of 
information itself (Buckland 1991; Herold 2004), and classification and description (Taylor and 
Joudrey 2009; Robichaud 2021; Bak 2012; Christen 2012) is deeply needed. This scholarship is 
not only necessary to support library users, but also to respond to important issues seemingly 
outside of information science which are faced in communities and industries around the world.  

Work on this interdisciplinary research team has shown both the challenges and the value 
of information work done primarily within another discipline. The difference in area of expertise 
was both difficult and deeply rewarding to overcome. The task of not only learning about the 
field of water economics, but also understanding it well enough to organize and describe water 
cost data, was daunting to the first author, who had a background in history prior to their library 
degree. In many ways, humility was a primary lesson; proactive communication and particularly 
proactive question-asking (especially about topics the rest of the team considers basic or 
introductory) are essential to success as an embedded information professional. Over the last 
year, the water wiki developed through the abstraction of complex technical concepts related to 
water into universal and jargon-free database entities, which was only possible because our team 
focused on building a shared understanding of the political, economic, and engineering aspects 
of water cost data before we started water wiki development. 

This paper reflects the first milestone in the long-term development of the water wiki. As 
our understanding of the economic, political, social, cultural, and environmental value of water 
changes in the coming years, so too will the water wiki. This project is an exciting opportunity to 
use principles in information science to support the broader public in not only accessing data 
about the cost of water, but also entering the ongoing conversation about water in which 
companies, governments, and big NGOs are already participating. 
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