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1 Executive Summary
Water is a precious resource, whose availability is often taken for granted in some parts
of the world as other parts grapple with acute scarcity and shortage. Water conservation
is a critical aspect of sustainability in communities worldwide. The City of Dubuque is
one of the world leaders in implementing a citizen defined sustainability model into
practice. This report summarizes the collaboration between IBM Research and the City of
Dubuque in designing and implementing a pilot program that empowered more than 300
Dubuque households with information, analysis, insights and social computing around
their water consumption to test the hypothesis that informed and incented citizens would
be able to conserve water more efficiently. The pilot was in operation over a period of
three months, and results validated this hypothesis and led to the decision by Dubuque to
expand this pilot to a much larger number of Dubuque households.
The pilot leveraged increment read data of smart water meter from Neptune Technology
Group and used information including weather, demographics, and household
characteristics. IBM Research created a portal that allowed volunteer households to
understand their water consumption in near real-time, be alerted about potential
anomalies and leaks, get a better understanding of their consumption patterns, compare
and contrast it with others in the community, participate in games and competitions
aimed at promoting sustainable behavior and therefore get fully engaged and informed
about their consumption and the impact of the changes they made to it.
Using cloud computing to deliver this portal as a web-based service, IBM Research
experimented with various ways to get households to understand the impact of their
actions on consumption. IBM Research leveraged IBM Smarter City Sustainability
Model to create this service for the Dubuque households participating in the pilot. IBM
Smarter City Sustainability Model is a solution that allows for rapid integration of
disparate sources of sensor data, business intelligence, and business analytics that allow
decision support for multiple stakeholders and an engagement mechanism for interacting
with the stakeholders. Care was taken to protect individual privacy. All data collected and
used were de-identified. Each pilot household was identified only by an anonymous
unique ID.
The portal also enabled City management to monitor the aggregate water consumption,
the number of reported leaks, leak repair status, and the sustainability footprint of the
300+ pilot volunteers
The social challenge was to support large-scale behavioral change across households,
something that is essential to reducing water use (and the consumption of other
resources as well). Team-based weekly games were introduced to incent users to
reduce water consumption by participating in contests. Social computing was also
used to enable households to share best practices, chat with other participants, post
messages on a pilot wide bulletin board and communicate with the city.
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A local NGO, Dubuque 2.0 facilitated the interaction with the pilot participants via a
weekly newsletter, training sessions, town hall meetings and informal sustainability
meetings.
The Water Pilot included a 15-week behavioral study to assess the impacts of the
portal. In general, the project increased citizens’ understanding of how they use
water, enabled them to evaluate behaviors and purchase decisions for their impact on
water use, and demonstrably decreased water consumption and water-related
operating costs, energy use, and greenhouse gas emission.
This work should serve as a template for sustainable communities that desire to
engage their constituents in resource conservation whether it is water, energy or any
other natural or produced resource. This work has helped Dubuque reinforce its role
as a sustainability leader, and the various awards and honor it has received is an apt
recognition of its efforts to become a model community for sustainability.
Water savings were measured by comparing and contrasting the consumption of the
151 pilot households with another 152 control group households with identical smart
meters but without the access to the analysis and insights provided by the Water Pilot
Study for the 9 week duration.
Some key highlights of the results and benefits achieved are as follows.
Consumption Analysis Results
• Conserve an estimated total of 89,090 gallons of water over a 9-week period and
151 households, an average savings of 6.6% per household. If extrapolated to a full
year, this would be a savings of 514,742 gallons in total, or 3,409 gallons per
household annually.
• Assuming that the 151 households are a fair sample of the City of Dubuque, the
aggregate annual water savings across 23,000 households with smart meters in the
city would be 64,944,218 gallons. This would translate into an aggregate water bill
saving of $190,936 a year in total.
• Pilot participants reported leaks at a rate of 8% compared to 0.98% of city-wide
(i.e. 12 of the 151 pilot households, versus 226 out of 23,000 smart meter
households). It is estimated that 30% of households on average have leaks.
• An active participation rate of 44% or 134 out of 303 users, including 35% (106)
portal users
• Pilot households actively engaged in the experiment reduced water consumption the
most –10% – compared to a group of 9000+ users with no portal access
• Various portal functions assisted users in making sense of how they used water and
appeared to have helped maintain their interest in water conservation with hourly
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usage, consumption comparison with other households (anonymously), participation
in the weekly game (anonymously), daily news, and online chat being the five most
important aspects cited.
Behavior Analysis Results
In a survey (58% of the pilot participants that used the portal responded to the
survey), 56 households that used the portal multiple times reported the most benefits
and they include:
• 77% said that the Water Portal increased their understanding of their water use
• 70% felt it helped them assess the impacts of the changes they had made
• 48% felt that it helped them conserve water
• 61% reported making a change to a water appliance or in the ways they used
water (or both) during the study period (e.g., they took shorter showers; fixed leaks;
purchased water efficient appliances, and altered watering system in the yard, etc.)
• 48% reported that they planned to make changes to their water equipment or ways
of using water in the future.
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2 Overview
Water is a valuable resource in many regions and has a direct impact on the quality of life and the
viability of the economy. It is natural that many business problems are centered on the best ways
to balance the water supply and demand.
Existing infrastructure for managing water consumption is limited in its capabilities. It requires
manual reads of each meter, typically each month. While a single monthly cumulative reading is
sufficient for billing, it does not provide sufficient information to enable users to effectively
understand and manage their day-to-day water consumption.
With the advent of advanced metering infrastructure, e.g., smart water meters, a number of new
capabilities are available. It is now possible to collect meter data using wireless gateways to
eliminate the need for manual meter readings. It is also possible to capture meter readings at 15minute intervals. Such new capabilities enable the monitoring of water usage in near real time to
produce fine-grained consumption analyses that can be used to improve both consumption and
demand management. Leaks can also be detected more quickly.
However, to realize the full potential of a smarter metering solution, it is essential to engage
consumers. The attitude and behavior of consumers toward water conservation and sustainability
can play an important role in balancing the water supply and demand.
Dubuque, Iowa, a city of 60,000 residents on the bank of Mississippi River, announced its
partnership with IBM in September 2009 to make Dubuque the first “smarter” sustainable city in
the U.S. The initial focus was on water consumption analysis and leak alerting. The City has
established sustainability as one of its top priorities since 2006. Starting in 2010, the City started
replacing existing water meters with smart meters produced by Neptune Technology Group for
about 23,000 homes and small businesses. The City’s aim was to establish a new baseline for
water consumption (using smart water meters), educate citizens about water conservation, and
reduce overall water usage.
Partnering with the city, IBM built a Web-based Portal solution to produce advanced water
consumption analysis and leak alerting. The solution was based on the IBM Smarter City
Sustainability Model. It delivered innovation and insights from data and information using the
Cloud Computing environment.
The goal of the Water Pilot was to allow the city and residents to visualize and understand their
consumption patterns and sustainability footprint and to receive leak alerts in near real-time.
Reducing water consumption and fixing leaks saved money and enhanced sustainability by
reducing the use of chemicals and energy related to water production.
All data collected and used by the Smart Water solution for Dubuque was anonymous. For more
details on data privacy see section 7.4.2.
IBM worked with various stakeholders – e.g., the City, local partners, volunteer residents, nongovernmental organizations, and local utilities – to make Dubuque a “living laboratory” for smarter
cities innovation and a model for other US cities. For the Water pilot, the City signed up 300 plus
volunteer citizens and engaged them in various community activities to encourage active water
conservation.
Contact: naphade@us.ibm.com
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Additional collaborations between the City of Dubuque and IBM include a proposal to extend the
Water Pilot to up to 4,000 households through mid-2013, an on-going project in the electricity
domain targeted at 900+ residents, and another project in the transit domain.

3 IBM Smarter City Sustainability Model
As cities evolve, they are increasingly being instrumented with sensors that enable them to collect
data, conduct billing, and manage operations and resources as optimally as possible. Cities need
to act on the information sensors provide, and they need to show improvement on key
performance indicators (KPIs) to justify the return on investment for this sensing infrastructure.
They also need to improve the quality of life and satisfaction of their constituents – the citizens.
To do this, they must engage their citizens in ways that encourage the citizens to collaborate with
the city.
To achieve this, IBM Research has developed IBM Smarter City Sustainability Model to help
cities and agencies derive insights from their instrumented infrastructure and enable them to
engage their constituents (citizens) and optimize resource usage across multiple silos. The
underlying principle is to convert sensed data into information, and to analyze that information to
create insights and support timely decision-making. This is coupled with the use of social
computing and game theoretic techniques to engage and incent constituents in changing their
behavior to achieve increased resource conservation.
Figure 1 shows IBM Smarter City Sustainability Model instantiated for the Dubuque Water Pilot.
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Figure 1. IBM Smarter City Sustainability Model for the Dubuque Water Pilot
This model has the following capabilities:
 Real-time intelligence and interaction for instrumented and interconnected cities
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Resource optimization and decision support for optimizing city’s performance
Behavior models and incentives for maximizing the impact of citizen engagements
Integration of information about data, process, and people
Provision of a common city view to multiple stakeholders
Improved decision support for operations, policy planning, evaluation, and strategy

Specifically, as shown in Figure 1, this model provides the following functions and capabilities:
•
•
•
•
•
•
•
•
•
•
•
•

Information integration for smart meters (near real-time and historical), weather data,
demographic and profile data, house data, geospatial information, etc.
Data cleansing, extraction, transformation and loading from multiple sources
Data models for energy, water, transit and transportation, and buildings
Metrics computation for individual, utility, and city-wide/regional aggregation
Business analytics and data mining algorithms for baseline creation, anomaly detection,
forecasting, trending, and alert generation for individuals, utilities, and city planners
Incentive design to support consumer behavioral change
An engagement engine for optimal user experience management, social networking and
collaborations, team formation, and reward computation
A user interface with customizable widgets for visualization and interaction with information,
insights, and incentives
Dashboards for comparing and contrasting resource consumption performance by different
user groups
City-wide resource consumption business intelligence and analytics
A collaboration platform for multiple stakeholders including city management, agencies,
utilities, citizens
Resource consumption behavior models

4 Use Case Scenarios
The project addressed high level use cases that included two types of primary stakeholders: the
city residents and the city management staff. The use cases ranged from supporting basic
capacities such as the monitoring and analysis of consumption patterns and leak statistics, to
advanced capabilities such as predicting future consumption, detecting unusual usage, and
encouraging water consumption reduction. Additional stakeholders included utility companies and
community groups.




Consumers (Households)
– Review consumption (hourly, daily, monthly)
– Understand trends
– Get alerted about anomalies and potential leaks
– Compare consumption with similar households
– Share information, tips, best practices
– Understand carbon impact of water consumption
Utility and City
– Monitor aggregate consumption
– Monitor spatial and temporal anomalies/changes
– Locate wastage
– Use demand forecasts
– Evaluate usage for pricing policies

Primary stakeholders:
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A City Resident: Reviewed his or her own household data by hour or by day, reviewed the
aggregate data at the group level, compared his or her own consumption patterns to those of
similar households (in the aggregate), received alerts of potential leaks and unusual consumption
usage, and participated in the collaboration and community engagement activities facilitated by
the Community Group (as described in the list of additional stakeholders).
The City Management: Reviewed the aggregate data for groups of residents, monitored the
progress and sustainability footprint of the pilot community, provided incentive/matching funds for
fixing leaks, and reviewed and monitored residents’ water leaks and repair status.
Additional stakeholders:
A Utility Company: Reviewed aggregate data to understand demand and consumption at the
community level (similar to the City Management Use Case).
A Community Group: Had the mission of engaging volunteer citizens to participate in the pilot. It
collaborated with the City and IBM to promote weekly team-based activities/contests in the Portal,
communicated with pilot residents via weekly newsletters, conducted community outreach,
provided prizes/incentives, announced winners to encourage active water conservation,
organized social events and training sessions, etc.

5 Partners
The partners IBM collaborated with, directly or indirectly through City of Dubuque, during the
Smart Water Portal pilot were:
•

Neptune Technology Group – Produced R900 and R450 Smart meters.

•

ESRI ArcGIS – Provided geospatial services and maps for viewing the aggregate data for
the City.

•

Verity Three – Post-processed smart meter data received hourly from wireless gateway.

•

Northern Water Works Supply (NWWS) – Installed the meters for the City of Dubuque.

•

Dubuque 2.0 – Local non-governmental organization for user engagement.

6 Data Analyzed
The Smart Water Solution for Dubuque used a Cloud Computing environment to collect, protect,
and analyze data, and to produce information and insights that could be immediately delivered to
the City Management and the residents.
Figure 2, below, shows the data – dynamic data and historical/static data – that was analyzed to
produce insights for the two primary types of users. The users included 300+ City residents who
used unique anonymous IDs to access the system to view their own data, as well as about 15
City management and/or utility users who used assigned IDs to access the system to view
aggregate data.
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Figure 2. Water Portal System Context / Data Analyzed
Dynamic Data:
•
R900 Smart meter data - produced by Neptune Technology Group. The data gathering
flow is shown in Figure 3, below. The R900 meter reads were transmitted from residents’
homes to a wireless gateway over a 900 MHz wireless communication band. The data
were read at 15-minute intervals and transmitted hourly to the wireless gateway. The
data were then stored at the FTP site and up-loaded every four hours to a Cloud
environment at the IBM site. Once at the IBM site, the extract, transform, load (ETL)
processing was performed to load data into the database.
•

R450 Smart meter data – also produced by Neptune Technology Group. As also shown
in Figure 3, the R450 reads were transmitted over a 450 MHz wireless communication
band. The data were read at hourly intervals and transmitted nightly to wireless gateways.
The data were then uploaded from the FPT site and processed in the same manner as
the R900 meter data.

•

Weather data – weather data was obtained weekly from a third party web site.

Historical or static data:
•
Logger data
Logger readings were collected at 10-second intervals for six weeks (during April - May,
2010) for six selected households.
•
Historical meter data
Data was collected and stored in a repository that contained water meter data for the past
five years.
•
Demographics data
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Data was collected and stored in a repository that contained water user demographics
collected through surveys.
GIS data
Data was collected and stored in a repository that contained geospatial information, e.g.,
the street addresses for water users.
House data
Data was collected and stored in a repository that contained the size, style, year built,
and construction material of houses of water users.

•

•

Data Gathering Flow
Figure 3 shows the data gathering flow discussed above for both R900 meters and R450 meters.

Figure 3. Data Gathering Flow

7 The Dubuque Smart Water Pilot
The goals of the Water Portal evaluation were to assess the following.
•
•
•
•

the degree portal use impacted household’s water use
the degree to which inhabitants actually used the water portal
the ways in which portal users used the features of the water portal
the ways in which the water portal impacted water use, and associated factors such as
beliefs, attitudes and knowledge

Further details are provided in Section 8
To address these goals, the Smart Water Portal was deployed to a group of 303 volunteer
households. According to demographic information received from City Management, over 50% of
the population of Dubuque is 65 or older; it is likely that the volunteers who participated in the
Water Pilot had similar demographics.
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The 15-week water pilot study was conducted in two phases with two groups of about equal size.
•

Phase I lasted eight weeks (Sept. 7 – Oct. 30). During Phase I, a Pilot group of 151 users
was given access to the portal, to printed weekly reports, and to support personnel. They
could receive leak alerts, monitor/analyze their own water usage, patterns and trends,
compare their usage to that of others, and collaborate online via chat and weekly teambased contests. They also received training and support. During this period a Control
group of 152 users had no access to any of the above mentioned. The purpose of Phase
I was to allow a direct contrast between the amount of water reduction by the Pilot and
Control groups.

•

After a one-week break, Phase 2 commenced and lasted for six weeks (Nov. 7 – Dec.
17). During Phase II, the Control group of 152 users was also given access to the same
functionality as the Pilot group – i.e., the portal, printed weekly reports, and support
personnel, and so on. The purpose of Phase II was to get further information on the use
of the Water Portal, with the 152 Control group volunteers using the Portal along with the
151 members of the Pilot group.

After the conclusion of the pilot, the Portal continued to be available to all participants till April
2011.
To evaluate the results, a study was conducted and used multiple methods to gather quantitative
and qualitative data: water usage data; portal usage data; surveys of participants; and interviews
with subset of participants.

7.1

Architecture

This section describes the key logical components in the architecture and their responsibilities
and characteristics.
•

Visualization component

Provides a role-based dashboard for two primary roles: a Resident role that enables City
residents to view their personal data and a City Management role that enables City Management
staff to see aggregated data at community level. An additional role is a Utilities role that enables
Utilities providers to see aggregate data that helps them manage demand. The dashboard is
integrated with both Business Intelligence reporting capabilities and Geographic Information
System (GIS) services for accessing map data.
•

Analytics component

Provides the capability to compute and analyze water consumption patterns and usage trends, to
compare usage for day- and week-long time periods, to predict future consumption based on
historical consumption, to detect unusual usage, and to monitor and alert leaks, etc.
•

Data Integration and Management component

Provides data integration and persistent data storage for the trusted data source. There are two
parts:
o

Data Integration and Management – provides integration of multiple
heterogeneous input data sources (described next) using extract, transform, and load
(ETL) processing to produce a trusted data source that is stored in the database.
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o

Data sources – provides input data to the solution. Several types of data sources in
the water domain have been integrated as described in the Data Analyzed section
above. The R900 and R450 meter data are the daily input sources. The rest of the
data are either historical data or static data that may be updated as needed.

• Security component
Provides secure access to users through user authentication and role based authorization to
ensure that only authorized IDs can access the solution. As mentioned, roles defined in the
solution include Resident, City Management, and Utilities, etc.
Figure 4 describes the key components in the deployed architecture for the Smart Water Portal.
Users accessed the Smart Water Portal via a Web Browser over the Internet. The pilot users
included 303 city residents, about 15 city management personnel, and utility personnel. Meter
data were collected via wireless collectors, sent to a secure FTP site hosted by Verity Three, and
then uploaded to a staging area in the IBM Cloud environment for processing.
The key architectural components included the following:
•

Security server - authenticated users at login.

•

Portal and Analytics Reporting Service – displayed information in the portal. This included
insights, consumption patterns and leak alerts for City residents, and aggregate
anonymous data for the City Management.

•

Database server – stored the meter data and other dynamic and static data described in
the Section ‘Data Analyzed’ above.

•

Data Integration server - processed multiple heterogeneous data sources listed in the
previous section (”Data Analyzed”).

Figure 4. Architecture of the Smart Water Portal
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7.2

User Interface

The Smart Water Portal had two user interfaces: a Resident View that enabled individual
households to view their private data, and a City View that enabled City Management staff to view
aggregated anonymous data. This section provides an overview of these two views. For a
detailed description of each function, please refer to Smart Water Portal User’s Guide.
Resident View
Figure 5 shows the Resident View. Users logged in to the portal using a unique ID and password;
first-time users were required to read and accept a ‘Use Agreement’.

Figure 5. Resident View
The Resident View consists of the following five areas:
•

Profile area shows the user’s anonymous ID, or a profile name that can be customized
using the ‘Your profile’ function in the ‘Menu area’.

•

Menu area includes options to edit the profile, see today’s news, chat with one’s team,
chat with the entire group, and change one’s password.

•

Progress area shows the user’s progress: their Usage Trend, Rank within the pilot group,
and Green Points earned.
Daily Usage area shows the daily water usage for the last year; it can be viewed as
gallons, dollars, or pounds of carbon dioxide (CO2) generated. A slider lets the user move
along the timeline and see the details of the water use for each day (details are only
available after the installation of the smart water meters in mid-March, 2010).

•

•

Details area –This area contains two sets of functions:
o Me vs. me includes Hourly breakdown, Weekly Usage, and Compare by Week.
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o

Help text and special messages are shown on the right, e.g. leak alerts.
Me vs. my neighbors includes ‘This week’s game’, which shows the daily status
of the team contest. Users can see the winning team and the amount of water
each team used. A ‘Chat with your team’ Menu option enables users to
anonymously chat with the pilot group and their teams.

Leak Alerts:
The ability to report potential leaks in near real-time was an important capability of the Water
Portal.
The Portal collected a user’s consumption over several weeks, analyzed it, and produced a
“normal” consumption pattern for the household. It then compared the new consumption against
the normal pattern to see if the new usage deviated from it beyond a certain degree. When that
occurred, the new consumption was flagged as “unusual.” Such consumption might indicate a
leak, but it could also indicate that there was simply more usage in than normal, e.g., when a user
entertained guests or had relatives staying over.
To reliably detect leaks in near real-time, advanced analytics were used to increase reliability
beyond that of the leak flag provided by the smart meter, as described later.
As shown in Figure 6, when a potential leak was detected, an alert message was displayed in the
portal. A user could report the leak using a link or phone number, both of which were included in
the alert.

Figure 6. Leak Alert in the Resident View
Weekly Game/ Team Contest
The Water Portal Pilot also introduced a social dimension to water conservation by enabling
users to compete, chat, and compare themselves with other households in an anonymous and
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non-intrusive way.
Figure 7 shows the ‘This week’s game’ tab, which indicates how the user’s team’s water usage
compared with that of the opposing team, and how the user’s consumption compared with
‘Neighbors like you.’ Users could also chat online to ask questions, give water conservation tips,
and cheer their teammates on.
See further details in section 7.4.3 (“Teaming/Weekly Games”) below and in section 8
(“Behavioral Studies”).

Figure 7. This Week’s Game in the Resident View
City View
The City View, shown in Figure 8, enables the City Management staff to view aggregate
anonymous data so that they can monitor the aggregate water consumption, open leaks, leak
repair status, and the sustainability footprint of the 300+ volunteer users.
The City View works as follows. The lower portion of the view contains a timeline that shows a
graphical view of various Water Pilot statistics. As the red vertical bar is moved along the timeline,
the indicators on the map on the top and the statistics shown in the panel to the right are updated
appropriately.
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Figure 8. City View

7.3

Analytics

This section describes the analytics IBM Research created for the Water Portal. The aim of the
analytics was to translate data and information into easy to understand analyses and insights that
enabled city residents and city management to manage their water consumption effectively.
Furthermore, the advanced analytics also supported team-based collaboration functionality that
encouraged the residents to conserve water and to change their water use habits.
Basic analytics are as follows:
•

Baseline and consumption analysis: Provided capabilities that enabled city residents to view
their household water usage in gallons, dollars, and pounds of CO2; display hourly or daily
consumption; display historical water usage; compare their consumption over weeks and
across similar households.

•

Leak analysis and monitoring: Provided capabilities to alert city residents about potential
leaks detected, and to enable the city management staff to monitor open leaks, leak-repair
status, and the sustainability footprint of the pilot participants.

Advanced analytics are as follows:
•

Consumption pattern analysis using time-series: Provided capabilities that enabled city
residents to understand their household consumption patterns (for example, computing the
trend on a resident’s historical water usage) and to monitor and analyze their consumption
patterns based on ranges of time within a day.
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•

Predictive analytics: Provided capabilities to forecast and predict the future consumption of
next hour or next week, based on a resident’s historical consumption and weather patterns.

•

Unusual pattern detection: Provided capabilities to monitor a resident’s historical water usage
pattern and detect deviation from the baseline (i.e., unusual usage), and to provide alerts.

For additional analytics that were not shown as part of the Resident View, please refer to
Appendix A (“Other Insights from Analyzing Consumption Data”).
Details of Analytics
Figure 9 provides an overview of the process of applying analytics to data from the various data
sources to produce insights. As discussed in the Data Analyzed section, the user meter data,
historical and predicted weather information, building information, and geospatial information
were collected to improve the modeling of residents’ water usage patterns. After the data were
extracted, transformed, and loaded, various analytics – clustering, time-series analytics,
forecasting models, spatio-temporal analytics, anomaly detection, and activity models – were
applied to uncover insights that could help users better manage their consumption.
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Comparisons

Water Meters

Leak Detection
Time-Series
Analytics

Local Weather
Water Data Warehouse
Past Monthly Bill

Data
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Figure 9. Analytics and Insights

7.3.1 Baseline and Comparisons
An analysis of the monthly water bills from 2006 to 2009 (for a total of 20,000 residential and
small business users using service 301 meter types) showed significant consumption variation
across the residents. This variation could be caused by individual behavior, numbers and ages of
the occupants, and size and type of the houses. It would be inaccurate and unfair (for the
purposes of comparisons and gaming) to use the city average as a baseline for the consumption
of a household. Therefore, clustering techniques were applied based on historical consumption,
demographic data, and house information to cluster the residents into multiple groups, within
which each of which the members are expected to have similar water consumption patterns.
Some characteristics of these groups are listed in Table 1, below. The three groups showed
significant differences in their monthly water consumption, although most exhibited similar
seasonal change patterns (where water consumption in July was typically the highest in a year).
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The consumption baselines were produced for each group to ensure the residents’ water usage
was measured reasonably.
Table 1. Monthly Water Consumption of Clusters
Group
(Service 301)
Average monthly
consumption
(gallons)

Low Consumption
Cluster

Mid-Consumption
Cluster

High-Consumption
Cluster

Average of 20,000
users

2517

4681

7818

4006

Highest Month
(Average house
Consumption)

July (2740)

July (5155)

July (8665)

July (4356)

Lowest Month
(Average house
Consumption)

March (2356)

October (4310)

October (7307)

October (3751)

Similarly, for consumption comparison, each household was only compared with its group.
Because the groups were divided based on historical consumption, demographic data, and house
information, comparisons between ‘me’ and ‘neighbors like me’ can be regarded as fair.

7.3.2 Leak Analysis and Monitoring
Although the smart water meters data provide leak flags based on counting the continuous
intervals of water flow, this type of leak flag tends to create a large number of false alarms. For
instance, about 41% of the pilot study households had their smart meter leak flags turned on
during the first week of October 2010. Therefore, it was not practical to rely on the meter’s flags to
generate leak alerts – this could result in unnecessary concerns on the part of the consumers.
To reliably monitor leaks in near real-time, advanced analytics were employed to increase
reliability and reduce false alarms. The solution was to filter out the households that had leak
flags that went on and off within 3 days, and the households that had no consumption between 2
to 4 am. This reduced the total number of potential leaks by 65%.
In addition to the leak flags, leak volume was also estimated by considering the minimum
continuous water flow.
The leak volume was compared among three groups of users of the 303 volunteers, e.g. the Pilot
group of 151 users who started to access the Portal in September for the entire 3 months’
duration, the Control group of 152 users who started eight weeks later in November, and the
Portal users who were a subset of both groups (106 in total) and were actively using the portal.
As shown in Figure 10, by Nov. 13, 2010 or 10 weeks into the pilot, the Pilot group had reduced
its total estimated leak volume by 75%, and the Portal users reduced even more by 88%. By
November 20, 2010 (barely two weeks after the Control group began using the portal), the
Control group had reduced its leak volume by 44%. Note that there was an increase in the total
leak volume around Thanksgiving. Potential reasons for that could include that the increased
consumption caused more false alarms, and/or that the increased consumption brought high
pressure to the water pipes, which caused real leaks.
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For further details on the water saving comparison of the three groups, please refer to Section
7.5, Water Saving Results,
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Figure 10. Estimated Leak Volumes

7.3.3 Advanced Analytics - Trending, Forecasting and Alerting
In this section, details are provided for the three types of Advanced Analytics: generating
consumption patterns and usage trends; predicting consumption; and generating alerts about
unusual usage. The usage trend was displayed as one of the topic metrics in the Resident View
(Figure 5), while the results for predicted consumption and unusual usage were reported in the
Daily news. In addition, the predicted consumption was also used in calculating reward points in
the weekly games discussed later in the section 7.4.3.
To determine the water consumption trend and predict the future consumption, time-series
analytics and forecasting models were applied. The consumption trend was used to show to what
extent a household was doing better or worse during a given period. The trend took the recent
consumption, normalized it by the city average to remove seasonal effects, and compared recent
the consumption with the historical consumption.
Household water consumption usually follows certain patterns and can be affected by weather.
The historical records of many households showed strong correlation between water
consumption and local weather. To forecast future consumption, regression models were
constructed by learning from the historical consumption and the correlation between consumption
and weather – temperature, humidity, and precipitation. Both long term forecasting (a week in
advance) and short term forecasting (an hour in advance) were applied to the pilot household
consumption data. The short term prediction achieved an average of 1.87 gallons per hour root
mean square error (RMSE), a measure of difference between predictive and actual values. The
long term prediction achieved an average of 39.21 gallons per day RMSE.
Figure 11, below, shows the RMSE for the long term prediction. The majority of the pilot
households were between 25 and 50 gallons per day RMSE; a long tail towards over 100 was
caused by missing readings from these meters.
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Figure 11. Daily Root Mean Squared Error for Long Term Prediction
Alerting for abnormal usage was based on the consumption prediction. Typically, unusual
consumption is considered as a statistically significant deviation from the predicted consumption
or in other words, “> Predicted_Value+2*Standard_Deviation”. The following three metrics were
designed to determine abnormal usage: 1) Length of continuous usage, 2) Total continuous
usage, and 3) Hourly max usage.

7.4

Water Pilot Operations

The Water Pilot operations are described in these four areas: Portal access, User Data Collected,
Teaming/weekly Games (to encourage collaboration) and Community engagement activities
(primarily facilitated by Dubuque 2.0 and Smarter Sustainable Dubuque), and Portal activity
statistics.

7.4.1 Portal Access
To access the Smart Water Portal, residents could use a web browser to visit
www.cityofdubuque.org/smarterwater and select the ‘Smarter Water Pilot Study Portal’ access
button shown in Figure 12.
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Figure 12. Smart Water Portal Access
First time users were required to read and accept a Use Agreement before using the Water portal.
In addition, at this point users were able to update their profile information.
Users’ data were kept private as described in the “User Data Collected” section below.

7.4.2 User Data Collected
All data collected and used by the Smart Water solution for Dubuque were anonymous. Each pilot
resident was identified only by an anonymous unique ID. The solution provided the resident a
private view of his or her own data, which no one else could see. The City management could
only view aggregate data.
Online portal activity data (e.g., logins, profile updates, etc.) were collected each week for Phase I
(eight weeks) and Phase II (six weeks). See section 7.4.4 (“Tracking and Measuring”) below, for
more details.
In addition, surveys and interviews were used to collect data regarding users’ attitudes and
behavior related to portal usage, water conservation, and sustainability in general.
Types of Surveys and interviews:
There were three surveys and one set of interviews, the last two of which will be discussed at
length in section 8 (“Behavioral Studies”).
•

Profile survey – conducted when users signed up to install the smart meters.

•

Pre-deployment survey – conducted one week before the Control and Pilot groups began
using the portal.
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•

Post-deployment survey – conducted at the end of the pilot for both the pilot and control
groups.

•

User Interviews – conducted at the end of the pilot.

All personal information was collected on behalf of the City of Dubuque for the Smarter
Sustainable Dubuque research program, part of the Sustainable Dubuque Initiative. Personal
information, including email addresses, was only used for communicating with participants about
this study and sustainability efforts in Dubuque, and was only shared with the City of Dubuque's
research collaborator IBM and its community partner Dubuque 2.0. The City of Dubuque privacy
policy can be found at www.cityofdubuque.org/ssd.

7.4.3 Team Contests/ Weekly Games and Community Engagement
As mentioned, one of the key functions of the Portal was to enable users to collaborate and
compare themselves (anonymously) with one another.
The teaming/weekly games served three purposes:
•

To examine how participating in the contest affected residents’ behavior.

•

To provide citizens with a way to compare their water consumption to that of anonymous
households to encourage behavior changes.

•

To provide the City Management with a tool to help the residents shift attitudes and
behavior related to sustainable water use.

While it is unlikely that a city would choose to run such competitions all the time, this tool could be
used periodically as part of efforts to encourage citizens to take various water-saving measures
and develop new water use habits.
The team based games enabled users to participate and collaborate anonymously to win reward
points in exchange for prizes. The functions supported were as follows:
•

Weekly Team Contest: Each week, advanced analytics were used to generate teams of
3-5 members who were comparable in historical consumption. Each team was paired
with an opposing team that had a similar historical water usage. Users received reward
points by taking various actions inside and outside the portal to reduce water
consumption. The team that used less water won. Both members and teams were
anonymous, and the teams changed weekly, providing a chance to win each week.

•

The Portal and Daily News: Team members were able to review and track the progress
of the team contest, e.g., compare consumption of competing teams, track the daily
winning team, compare household consumption with ‘neighbors like me’, and review the
reward points earned.

•

Team Chat and Pilot Chat: Participants could chat online (anonymously) to build
camaraderie, share tips, and find ways of reducing water consumption.

Each week, IBM provided Dubuque 2.0 with the rankings of all individual users and teams in
terms of the reward points they received (both for the week and cumulatively for the phase). For
example, in Phase I, the top individual winner had a total of 332 Green points; the average Green
points for all 151 users was 166.50.
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Dubuque 2.0 facilitated the weekly game and announced each week’s individual winner and team
winners via weekly newsletter. Many users played the weekly games and won prizes supplied
and distributed by Dubuque 2.0. For example, the top weekly individual winner of the week
received a T-shirt and Home Energy Efficiency Kit; top team winners each received a Home
Energy Efficiency Kit; the grand prize drawing winner received a rain barrel.
Dubuque 2.0, the City of Dubuque, and IBM worked together to employing various community
engagement channels and activities to engage users and get them to actively participate in the
pilot. Examples include a Kick-off/ tutorial session (Phase I, Sept. 7, 2010, Historic Federal
Building), a social networking event (Phase II, Nov. 7, 2010, Hotel Julien), several one-on-one
tutorial sessions, and community outreach calls. Users could also get help using a familiar Webbased WebQA on the City’s Web Site to ask questions, provide feedback, and report problems
(which, if pertinent to the portal, were directly routed to an ID monitored by IBM).

7.4.4 Tracking and Measuring
The pilot study tracked many different types of user activities. These included logins per week,
profile updates per week, Portal component use, chat use, and community engagement activities.
Water consumption, and the resulting savings is documented in section 7.5.
As mentioned, the water pilot lasted 15 weeks and had two phases with a one week break in
between. Table 2, below, shows the weeks corresponded to each phase; during the break
between phases, Phase I users had continued access to the portal but no weekly contests or
portal activity loggings were conducted. Therefore, week 9 in the subsequent charts
corresponded to week 1 of Phase II.
Table 2. Water Pilot Phase and Corresponding Weeks
Week
(Phase I)

Date
Week
(PhaseII)

Date

1

2

3

4

5

6

7

8

09/05/11

09/19/11
10
(2)

09/26/11
11
(3)

10/03/11
12
(4)

10/10/11
13
(5)

10/17/11
14
(6)

10/24/11

[break]

09/12/11
9
(1)

10/31/11

11/7/11

11/14/11

11/21/11

11/28/11

12/5/11

12/12/11

Unique logins per week
Table 3 shows the unique logins each week during the pilot study. Week 1 and Week 9 had the
most profile updates since those were the weeks Phase I and II started. The Control group had
more logins each week than the Pilot group. For two of the weeks (9 and 10), the Control group’s
logins were more than double the amount of the Pilot group’s logins; week 13 was also close to
double, which was interesting since it was the week of Dec. 5 and during the holiday season.
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Table 3. Unique Logins per week

Profile Updates per Week
As shown in Table 4, Week 1 and Week 9 had the most profile updates, and those were the
weeks each Phase started.
Table 4. Weekly Profile Updates
Week
(Phase I)

1

2

updates

17

2

1

1

1

(Phase II)

[break]

9
(1)

10
(2)

11
(3)

12
(4)

updates

NA

18

5

1

1

0

1

Week

3

4

5

6

7

8

1

0

1

13
(5)

14
(6)

Portal Component Use
Beginning in Phase II, the Portal logged all users’ online clicks – thus allowing the measurement
of the amount of time users spent using various portal functions.
Figure 13 below shows the cumulative use of Portal components from November 7, 2010 to
January 17, 2011. The X axis shows various functions used, and the Y axis shows the
percentage of time all users spent per function. The ‘Hourly breakdown in Gallons’ was the most
frequently used functions where all users spent about 30% of the total time on it, followed by
‘Weekly Usage in Gallons’ of just about 15%, by ‘ Pilot charts’ of also 15%, and by ‘Weekly
Game’ of 10%. Roughly similar frequency distributions were observed for each week.
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Figure 13. Proportion of Time Different Portal Components were Used

Online Chats
As can be seen in Figure 13, above, about 15% of the total users’ time was spent on Pilot Chat.
This makes Pilot Chat the second most used component, following ‘Hourly breakdown in Gallons’,
and about the same as the ‘Weekly Usage in Gallons’.
The chats posted were categorized by their contents as shown in Figure 14.

Significant postings: 42/60 (70%)
Admin related & dup: 18/60 (30%)/

Figure 14. Pilot Chat Categories
Chat comments were counted as “significant“ postings if a user provided a positive comment (e.g.,
contained the word “good,” or another positive word), gave a water-saving tip, asked or answered
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a question, or requested a new capability for the portal. Chat comments were counted as
“insignificant” if they were posted by the Portal administrator (e.g., answers to users questions, or
sustainability tips) or if they were duplicates of earlier posts. There were a total of 60 pilot chat
postings, and 70% or 42 of them were “significant“ postings. The survey results also showed that
some users only “followed” the chats, and may have been reading them, even though they were
not actively making comments.
Tables 5 and Table 6 show examples of “positive” postings from pilot and team chats.
Table 5. Example Quotes from Positive Pilot Chats
10/6/10 20:20

Happy to see I am a winner this week!

10/6/10 23:03

Congratulations teammate! Keep up the good work!

11/3/10 15:58 Had a leak in the toilet fixed on Sunday. Needed a new part in the tank. Feel
better now that it is fixed
11/11/10 19:09 Great tip on the bucket while water warms up with shower
Table 6. Example Quotes from Positive Team Chats
9/7/10 9:29 PM
What do you think of this pilot project? I am impressed by the water
report site with all the information available about the water usage and how it is presented.
9/25/10 10:39 PM

Congrats to us! We did very well this week conserving H2O!

9/7/10 10:31 PM

good job team!(:

9/7/10 7:28 PM OK team, are you ready to win!!
11/11/10 7:15 PM
Lets go team and win another day or two this
week!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
11/17/10 8:20 PM

Way to go for today team keep it up

9/13/10 8:56 PM

Keep up the good work team! We want that rain barrel!

10/11/10 1:29 PM
Thouoght I would try this , Keep a gallon milk jug in the bath tub . Collect
the cold H20 which would normally go down the drain while you are waiting for the shower to turn
warm. use this cold H20 to flush the toilet. Think I saw this in an article in the TH.

Community Engagement Activities Weekly Statistics
Table 7 shows the five types of metrics tracked weekly for Community Engagement related
activities:
-

Total Leak Reported by users

-

Total Outreach calls made by Smarter Sustainable Dubuque (SSD) personnel

-

Total users SSD actually talked to

-

Total Drop-in session attendees during the week (one or more sessions)

-

Total water report SSD sent to users
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Table 7. Community Engagement Activities Weekly Statistics

7.5

Water Savings Results

This section examines the Water Pilot’s impact on the water usage of the pilot residents. It begins
by examining the level of participation in the Water Pilot – that is, the number of participants who
actually made use of the information provided by the online Water Portal or by paper-based
reports produced for non-computer users. Next it looks at the impact of the Portal by making
several comparisons between the water consumption of different user groups in terms of their
usage of the portal.

7.5.1 User Participation in the Water Pilot
As shown in Table 8, the active participation rate was about 44% (or 134 out of 303 users) where
35% (106) used the portal and 9% (28) received paper-based reports, 6% (19 users) reported
leaks. The ‘Engaged users’ included both portal users and paper users.
Table 8. Water Pilot Portal Participation and Leaks Reporting
Total Users
303

portal users
106 (35%)

paper users
28 (9%)

Engaged users
[Active participated]
134 (44%)

Report Leaks
19 (6%)

Table 9, below, shows the details of water pilot user participation for the Pilot and Control groups.
For the 106 portal users, 54 were in the Pilot group and 52 in the Control group. The paper users
were split evenly between the Pilot and Control groups with 14 in each group. The ‘engaged
users’ participation rate 45% (68) for the Pilot group and 43% (66) for the Control group.
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Table 9. Details of Water Pilot Participation

Before looking at the impact the Pilot study had on water consumption, two factors that affect the
analysis of the water results are discussed: one is that water consumption varied considerably
from household to household due to differences in size, water use and so on; the other is that
water consumption also varied over time due to weather and other seasonal effects.
To account the fact that water consumption varied among households, each household’s water
consumption was normalized during the Pilot study by dividing its weekly water consumption by
the amount of water it consumed the week before the Pilot study began. Thus a household that
consumed 500 gallons a week before the study began, and then consumed 400 gallons the first
week of the study, and 450 gallons the second week of the study would be said to have changes
in consumption of 80% for the first week and 90% for the second week. Other households that
used much larger or smaller quantities per week were normalized in the same manner, and the
changes in household consumption are averaged over time and houses. Thus, the household
that used 500 gallons a week before the study began would be said to have a reduction of 85%
over the first two weeks of the pilot.
However, normalization is not sufficient because water consumption also varied over time with
changes in weather and other seasonal effects. For instance, water use may naturally decrease
with the advance of fall, and thus the fact that households’ water consumption was decreasing
might indicate only seasonal effects. For that reason, it is necessary to compare water
consumption between different groups of households during the same time period.
The sections that follow show two comparisons: one within the pilot study and another relative to
users who were not included in the study (but had smart meters installed in their homes).

7.5.2 Comparing Households within the Pilot Study
It is useful to do comparisons within the Pilot study because all participants volunteered (meaning
that most of them have similar degrees of motivation) and all live in the same neighborhoods
(meaning that they share similar demographics).
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The first comparison contrasts the Pilot group that started using the Portal in September 7 (Phase
I of the study) with the Control group that did not begin using the portal 9 weeks later until
November 7 (Phase II). The reason for dividing into the Pilot and Control groups was precisely to
enable this comparison to be made.
Column 1 of Table 10 shows the comparison of most interest: the Pilot group reduced its use
relative to the Control group by 6.6% during Phase I when the Pilot group had access to the
Portal and the Control group did not. Column 2 shows the comparison for Phase II when both
groups were using the Portal. The Pilot group continued to do better than the control group,
although not as much as in Phase I. One explanation might be that while the Control Group had
begun to access to the portal and started to conserve water, some changes in water use – e.g.,
purchases of new water efficient equipment – may take time to implement.
Table 10. Water consumption reduction in Pilot group versus Control group
Type of savings

Pilot Group vs. Control
Group during Phase I (151
users, 9 weeks)

Average consumption reduction

6.6%

Total gallons saved:

89,090 gallons

As also shown in Table 10 above, the water savings in gallons of the pilot group relative to the
control group were 89,090 gallons in total for 9 weeks for 151 households. And if extrapolated to
a full year, this would be a savings of 514,742 gallons in total, or 3,409 gallons per household
annually.
Assuming that the 151 households are a fair sample of the City of Dubuque, the aggregate
annual water savings across 23,000 households with smart meters in the city would be
64,944,218 gallons. This would translate into an aggregate water bill saving of $190,936 a year in
total (based on a cost of 0.00294 dollar/gallon from the City’s FAQ site
(http://www.cityofdubuque.org/index.aspx?NID=1392).
Additionally, Control Group (152 users) joined the pilot Group in Phase II. The water savings in
gallons of the pilot group relative to the control group for 6 weeks were 4.7% or 38,203 gallons

7.5.3 Comparing Pilot Study Households to non-Pilot Study Households
The second approach to looking at the difference the Portal made is to compare the water
consumption of users in the study with that of those who were not. This made use of aggregated
R450 meter data from of 9000+ households in Dubuque during the same period of time, and
provided a much larger group as a basis for comparison. However, the R450 households differ
from those in the Pilot study both in the neighborhoods they are located in (demographics) and in
that the R450 households are not volunteers (motivation) – and so there are multiple explanations
for differences between the pilot study participants and the R450 households.
Several comparisons were made between the Pilot study users and the 9000 R450 households.
One comparison was of the water usage of the Pilot group to the R450 group for both Phases 1
and 2. Furthermore, the comparisons were performed by looking at the Portal users (54), a
subset of the Pilot group that used the Portal or the entire pilot group (151). In Table 11, columns
1 and 2 show that the Portal users did better than the entire Pilot group with a reduction of 10%
and 4.9% respectively.
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The second comparison contrasted the control group with the R450 group for phase II (that is, for
the period when the control group had access to the portal). As before, the comparison looks at
both Portal users of the control group (52) and the entire control group (152). In Table 11,
columns 3 and 4 show these comparisons. The portal users of the Control group did better at
reducing their water consumption (by 3.1%) than the Control group as whole, which actually
increased its water consumption relative to the R450 users by 4.9%.
Table 11. Water consumption reduction in pilot and control groups relative to R450 group

Average
consumption
reduction

Pilot Group
(Portal users only)
vs. R450 users
(Phases I & II)

Pilot Group
(all users)
vs. R450 users
(Phases I & II)

Control Group
(Portal users only)
vs. R450 users
(Phase II)

Control Group
(all users)
vs. R450 users
(Phase II)

10%

4.9%

3.1%

4.9% Increase

8 The Behavioral Studies
This section of the report describes behavioral studies of the Water Portal. The Portal was
deployed to about 303 households for 15 weeks, and multiple measures were used to evaluate its
effects on its users’ behavior, beliefs and experience. Specifically, the goals of the Water Portal
behavioral studies were to assess the following:
• Degree of Portal usage. How many households made use of the Water Portal, and what
usage patterns did they exhibit? This question is addressed by analyzing logs of Portal use,
and by drawing on users’ reports of their usage behavior as captured by surveys and
interviews.
• Manner of Portal usage. Which features of the Water Portal did users use, and how and why
did they use them? This question is addressed by analyzing logs of Portal use, and by drawing
on users’ reports of their usage behavior as captured by surveys and interviews.
• Impacts of Portal use. What kind of impact did using the Water Portal have on users’ water
usage behaviors, knowledge and attitudes? Did users learn things from the information
presented? Did they make changes to their water appliances to reduce their water consumption
during the study? Did they change the ways they used water during the study? Did using the
Water Portal encourage them to make plans for future changes to their water use? This
question is addressed by drawing on data collected in the survey, supplemented by comments
from the interviews.
• Improving the Portal. How might the design of the Water Portal be improved so as to
encourage more and broader use? This question is addressed by reflecting on the findings
about the degree and manner of Portal usage, and drawing on users’ responses as captured by
surveys and interviews.

The first three questions will be addressed in separate sub-sections; the fourth question will be
discussed throughout this section.

8.1.1 Background
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The behavioral study involved deploying the Water Portal to a pilot group of 303 volunteer
households. The study period lasted 15 weeks, from September 7, 2010 to December 17, 2010,
although the Water Portal continued to be available to participants after the study ended. The
study used surveys and interviews to gather qualitative data, and also analyzed structured data
such as Portal usage logs and chat logs.

Participants
The term “participant” refers to an entire household, although participants will sometimes be
referred to as though they were individuals. (And, in fact, surveys and interviews were generally
completed by individuals; and, among the 10 people interviewed, it was usually the case that the
Water Portal was primarily used by one person who would often discuss its results with other
household members.)
Some of the volunteers volunteered spontaneously in response to an announcement, and others
agreed to participate in response to an explicit solicitation (telephone call) from the water
department. This is important to recognize because it means that participants do not represent
the “average” Dubuque inhabitant, and thus generalizing from this study to the Dubuque
population as a whole must be approached with caution.
The fact that the study is composed of volunteers can have multiple effects. On the one hand, it
can be argued that this population is highly motivated, and will therefore be more inclined to use
the Water Portal and take various water conservation measures than the general populace. On
the other hand, it can be argued that the same attitudes that lead them to volunteer may mean
that this population has already taken actions to conserve water and thus there is little more they
can do to conserve water – i.e. the ‘low hanging fruit’ is already gone. The studies described
shortly will shed more light on this.
A second factor that impacts the ability to generalize from the findings is that participants were
not a random sample of the population of Dubuque. Due to practical and logistical constraints, the
deployment of smart meters that supplied data to the Water Portal were constrained to a fairly
compact, contiguous area of Dubuque containing primarily single-family houses. This means that,
in addition to having volunteered, the households in the pilot study also reflect various social and
economic factors that are correlated with the geographic area.
While it is important to keep these factors in mind when generalizing from this work, on the other
hand it should be noted that the selection biases noted above are characteristic of most real
world naturalistic studies of this type. Thus, readers should draw conclusions, keep the limitations
in mind, and over time, as more deployments of this type of technology occur, the field as a whole
will develop a more accurate and general understanding of this domain.

The Post Deployment Survey
A survey was conducted at the end of the study period to gather qualitative data: it was opened
on December 17th, and participants responded over the next several weeks in response to
reminders. The long period for survey response was because holiday travel and activities
interfered with people’s ability to receive and complete the survey.
The survey took about 10 minutes to complete. It consisted of 36 questions, 1 open-ended and
the rest a mix of multiple choice and Likert scale questions, with valences mixed where
appropriate. Participants were contacted by email, and sent a link to an online survey; two
reminders were sent.
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The survey was structured as follows. It began asking respondents about how frequently the used
the Water Portal, and the reasons behind their usage patterns. Those who reported using the
Water Portal (in contrast to those who had never used it) were asked a series of questions about
which components of the Water Portal they used, how they used (and whether they understood)
those components, and what impact they believed using the Water Portal had on them. After that,
all participants answered a series of questions about their beliefs, attitudes and actions with
respect to water usage. The survey culminated in an open-ended question that asked participants
for general feedback on the Water Portal and the Pilot Project.
Note that because of requirements to maintain privacy, it was not possible to match survey
respondents with their usage logs.
The survey received 89 responses (2 additional responses in which only one question was
answered were omitted), which is a 29% response rate using the 303 participants as a baseline.
This is a good response rate for generally distributed survey. In fact, the actual response rate was
greater, as a complete list of email addresses for all participants was not available (some
participants did not use email; others did not choose to share their email addresses): survey
invitations were mailed to 170 people, of whom 89 responded, giving a response rate of 52%.
With respect to the focus of this evaluation – the use of the online Water Portal – 62 of the survey
respondents reported using the Portal at least once, which, since the logs show that 106 distinct
users logged onto the Portal, gives a survey response rate for Water Portal users of 58%.
The bottom line is that the survey provides a high resolution picture of those who used the Water
Portal; it provides a low resolution picture of those who did not use the Water Portal; and it says
nothing about those who did not have internet access.
The Interviews
Participant interviews were conducted towards the end of the deployment, from December 6 to
10th. The timing was, as with the survey, selected to avoid interference with holiday travel and
activities. 12 participants were recruited by the coordinator of the Water Pilot; 2 canceled due to
conflicts. The participants were quite diverse in their attitudes about water conservation, and the
frequency and manner in which they used the Water Portal.
The interviews followed a semi-structured protocol, and tended to last about 45 minutes.
Informants were told that it was important to identify problems and offer suggestions so that the
Water Portal could be improved for future use. Interviews were digitally recorded with the
permission of the informants, and later roughly transcribed. Interviews were conducted in a City
government office in downtown Dubuque. The survey protocol covered the following areas:
• Who: Background on informant, living situation, water attitudes and use.
• Why: How they heard of pilot; why they signed up.
• Usage: How frequently they used the Portal, initially and over time.
• UI: A discussion of their understanding and use of the Water Portal user interface components;
in this portion of the interview the interviewer and informant walked through a series of printed
out screenshots, discussing various user interface components in turn.
• Impact: Did it cause them to do things differently? Behavior change? Purchase decisions?
• Talk: Whether and to what extent informants discussed Portal use with others.
• Suggestions: Informants’ advice on ways to improve the UI and deployment management; and
ideas about future projects in other domains.
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The purpose of the interviews is to supplement the survey findings with illustrations and context.

8.1.2 The degree to which people used the Water Portal
According to the usage logs, about a third – 106 of the 303 – of the participating households used
the Water Portal at least once. Without a baseline of similar deployments it is impossible to say to
whether this rate of Portal use is exceptional, average, or poor, but the fact that a reduction in
water usage resulted suggests that, at least in practical terms, it is a good result.
The results from the survey and interviews provide a closer look at the adoption and use of the
Water Portal. In the interviews, informants tended to fall into one of three classes: those who
rarely or never used the Water Portal; those who started out using it frequently, but then stopped
or slowed down; and those who were frequent users throughout the study period. This is
consistent with the usage pattern shown earlier in this report (in Table 3), where each Phase of
the deployment was marked by a large number of logins the first week, a smaller number the
second week, and a lower and steadier rate thereafter.
Of the 89 survey respondents
• 30% (27) reported that they never used the Water Portal
•
7% ( 6) reported that they used it once
• 36% (32) reported they used it a few times
• 27% (24) reported that they used it once a week or more
(Remember that the survey under-reports those who never used the Water Portal, so the main
takeaway here is that there are substantial numbers of participants in each class.)
The survey asked users who didn’t use the Water Portal (at all or very much) the reasons for their
lack of use. Of the 55 people who chose to answer this question, the most frequent response was
that they “kept forgetting” (49%). There were also indications in short answer questions that some
households had difficulty keeping track of their user ID’s (which they could not change) and
passwords. Significantly, only 2 of these respondents said that they found the Water Portal was
too difficult or complex to use. One implication of this is that future work should explore ways of
facilitating access to the Water Portal. It needs to be kept in mind that some members of this
population of users are not especially fluent in their use of online resources. They may not know
about bookmarking web pages, and/or may not have developed effective practices for keeping
track of user ID’s and passwords.
It is also worth noting that of the 32 respondents who used the Water Portal infrequently, 41%
choose the response “After looking at it a few times I’d learned all I wanted.” In the interviews, a
number of users often spoke of wanting to ‘establish a baseline’ – that is, they wanted to figure
out their basic water usage patterns, and once they’d done that, their interest in the Water Portal
was satisfied. For instance, one informant said “I probably used it more frequently at the
beginning – more interested in what the baselines were, and once I knew that, my access to it
probably dropped off.” Another said: “I was looking at it every day just out of curiosity, but it
doesn’t do anything… <laughs> You know, it gets kind of boring after a while. I decided once a
week I’d just check it and see what the past week was like.” Both informants made it clear that
initially they found the Water Portal quite interesting, and learned some things about their water
usage, but that after a while they ‘figured out’ what they did, and that was sufficient. With regard
to designing future versions of this type of system, this raises the question of whether there are
ways to better engage this type of user. One approach would be to accept that one class of users
will be content with ‘figuring out,’ their water usage and will not be interested in frequent visits
after that – this class of users might be interested in a way to have the portal send them
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infrequent reports – quarterly or annually – about their baseline usage. Another approach would
be to explore whether there are other approaches to engaging these users.
About 27% of the survey respondents reported that they were using the Water Portal regularly,
either about once a week, or more frequently. While it is likely that some of these users
(especially those in group 2 who had not been using the Portal as long) might still be in the
process of establishing a baseline and will subsequently drop off, it was clear from the interviews
that some of participants ‘got into’ using the Water Portal. One said: “I would say [I use the Portal]
maybe 2 or 3 times a week. I mean I don’t check it every day cause I kind of know what’s going to
be there. But it’s interesting to see the game and how I stack up against other users and how
many green points I got today.” Another said, “I check it religiously every day. […] I do look at
kind of the team thing. I usually check first thing in the morning – I get up around 6 and the
numbers are low. And then when I come home I also look to see what’s going on.”
The existence of this set of more regular users raises the question of how they are using the
Portal. Why do they keep returning to the Water Portal and what are they doing with it? The next
section will shed more light on this.

8.1.3 The manner in which the Portal was used and experienced
This section examines users’ reports about their use of the Water Portal. The remainder of this
discussion focuses on the 56 survey respondents who used the Portal multiple times (i.e.,
excluding those who never used it or used it only once). This group will be referred to as “the
Portal users.” This section also draws on comments from the 10 people who were interviewed.
(Note: When interpreting survey results it is important to note that people are not especially good
at recalling details of use over a long period of time. To be as effective as possible, the survey
used images of the Water Portal user interface to prompt recall, and asked for general
impressions about what users “usually” did rather than enquiring about details of use.)
According to the survey, of the 56 Portal users (i.e. those who used the Portal multiple times):
1. 88% (49) usually looked at the hourly graph of water usage
2. 66% (37) usually looked at how they compared with “neighbors like you”
3. 48% (27) usually checked on the weekly contest, and
4. 41% (23) usually looked at news
5. 30% (17) usually looked at the pilot chat
Refer to Figure 15 for the various parts of the user interface.
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Figure 15. Areas of the Resident View Asked About in the Durvey
The popularity of the “hourly breakdown” found in the survey corresponds with where people
spent time according to the Portal activity logs (cf. Figure 13). Whereas the survey indicates that
more people usually looked at “neighbors like you” and “this week’s game” than usually looked at
news and chat, the usage log indicates the reverse – this isn’t surprising as news and chat are
composed of text and take time to read. The point here is not whether chat is more or less
popular than the game, but rather that the findings of the subset of users who responded to the
survey are roughly consistent with what is seen in the log of the activities of all users. This is
important because the survey responses will now be used to develop a deeper understanding of
how Portal users used the various elements of the Water Portal and how they experienced them.

The Hourly Usage Graph
As noted, the hourly usage graph is among the most popular elements of the Water Portal. One
question going into the study was to what extent users would be able to connect what they saw in
their usage graphs to their actual water use. This is a key question because the Water Portal
does not provide information about which appliances – showers, dishwashers, and toilets – are
using water. Another question is whether this information would be useful or even surprising to
them. This question was addressed via the two survey questions shown in Table 12. It’s evident
that almost all respondents found the hourly usage graph understandable, and about half learned
some surprising things from it.
Table 12. Questions about the hourly water usage graph
Question
Agree-Neutral-Disagree (NA)
When I looked at the graph of my hourly 51- 2- 2 (1)
water usage, I could usually understand
what the peaks in the graph
corresponded to
I was surprised by some of the things I
28-17- 8 (3)
saw in my water usage graph
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% agree
91%

50%

While the Water Portal did not provide specific information about which appliances caused water
usage peaks, Portal users found this easy to infer. Informants found this useful in understanding
their water use: one commented that he could see that one toilet used twice as much as the
other, and another that it was nice to see that the energy star dishwasher they’d purchased a
while ago really was efficient. Other interviewees provided additional details. One said “I was
knock-your-socks-off impressed at the detail that you could see. Wow! Here’s the shower I took
this morning, here’s the shower [my wife] took this morning. Here’s where I came home during
the middle of the day and washed my hands and used the toilet. Here’s where I filled the dog’s
dish.” Another said “When I look at it you can tell alright this is when we’ve gotten up and are
getting ready, and usually at the end of the day you can tell when I get home and I start doing
laundry or baking or cooking and running a dishwasher.”
A recurrent theme was the power of visualization. As evidenced in the stories told by informants,
they not only found the visualization useful but also really enjoyed looking at the visualization and
seeing their activities reflected in it. This suggests that visualizations can a play a dual role: they
are powerful communications mechanisms, and they are also effective ways of engaging people.
One informant said, “I know I have a leak in my house. …it’s a leaky faucet. … I just never took
the time because I never saw a graphical representation. … You can really picture – I mean a
gallon is a gallon of milk, and you can see fifteen of those going down your drain! That makes a
heck of a difference!” Another said, “When I wash I can really see the spike!” and wondered
aloud whether a new washer might be a good idea. A number of informants made similar
comments about the year-long history view, one noting a huge peak on thanksgiving when she
had 25 people over and saying that “it was nice to be able to connect [the peak] with something
and see that it was going to be tracked.” Others commented on the big peaks that signified the
start of summer with the watering of newly planted grass and the filling of the swimming pool.

Neighbors Like You and the Weekly Contest
“Neighbors Like You” and “This Week’s Game” both involved comparisons or competitions with
others – but these were done anonymously. That is, for reasons of maintaining privacy, the
system did not reveal actual identities. Thus, unlike many gaming situations, users didn’t know
who was on their team, or against whom they were competing. Would the Portal users find these
‘invisible’ competitions and comparisons interesting and engaging?
Interestingly enough, 66% (37) reported usually looking at the “Neighbors Like You” comparison,
and 47% (27) reported usually looking at the weekly contest. Given that the team and neighbors
comparisons are side by side, it is interesting that some users paid attention to “Neighbors Like
You” but not “This Week’s Game,” and vice versa – in fact, a total of 16 users followed one but
not the other, with more favoring “Neighbors Like You.”
The interviews provide some details on what is going on here. Two of the ten informants were
clearly engaged by the game. One said, “That’s the one I concentrate on [pointing to the “This
week’s game” tab], I guess because I’m competitive and trying to see what my team is doing...
And um, it would be kind of nice to know who your team was.” Another explained that he had
turned the Water Portal over to his kids: “I think the competition was a perfect thing to do. … I
saw it as an opportunity to get my kids excited. Because they can earn points and they can win
stuff.” Of course, as he went on to explain, this had ramifications: “I did notice an impact right
away. That the kids were – either jokingly or seriously, it’s hard to tell – that ‘you’re going to make
our usage go up and we’re going to lose again!’”
Interestingly, three other informants explained that they “followed” the contest, even though they
didn’t actually care about winning and said they didn’t change their behavior to try to win the
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game. One said “it’s interesting to compare myself against neighbors like myself -- households
with four people of a certain size and a certain makeup.” And another said “This down here
[pointing to the “This week’s game” graph] I find interesting is that my team always loses! But
we’re always lower than everyone down here… I’m like, ‘We’re doing our part people, come on!’”
These informants seemed to like seeing their household compared against other individual
households, perhaps in contrast to the “Neighbors Like You” in which they were compared to an
average.
Finally, although the sample is too small to draw firm conclusions from, it is interesting to note
that of the 15 survey respondents who reported logging on more than once a week, all but one
reported that they “looked to see how my team was doing,” and/or “made an effort to reduce my
water consumption to help my team.” While the game only engaged a minority of Portal users,
playing or following the game is highly correlated with frequent visits.

News and Chat
According to survey respondents’ reports, News and Chat saw the least “usual” use (41% and
31%, as already noted). This corresponds with our impressions from the interviews, where
informants had little to say about either function, except that some of them checked them out from
time to time and occasionally saw things of interest. With respect to chat, none of the informants
reported seeing anything in the team chat; for pilot chat (the chat room open to all users), while
some reported posting comments or reading it, informants felt it was not well attended, and none
of them reported having real back-and-forth conversations in the chat.
These impressions from the interviews are reinforced by an analysis of the system’s chat logs.
Team chat was very lightly used. 18 comments were posted by 11 people over the period of the
study. 7 of the 11 who contributed posted only a single comment during the study period; 2 others
posted 2 comments, 1 posted 3 comments and 1 posted 4 comments. The most common type of
posting were comments intended to encourage or congratulate the team, such as “good job
team!,” and “OK team, are you ready to win!!,” Only one comment was followed by a second
comment, and in that case the second comment did not respond to the first. (Recall that for Team
Chat, each team had a private chat room, and teams were re-formed every week.)
Pilot chat received more use than team chat. 57 distinct comments out of a total of 60 were
posted by 18 people, 24 of them by a user acting as a project administrator (e.g., answering
questions, thanking users for input, and offering “tips of the day.” Besides the administrator, 1
person posted 7 comments, another 4 comments, another 3 comments, and 5 posted 2
comments each, and 7 posted 1 comment each. Except for the administrator, who frequently
responded to the comments of others, only two replies were offered by other users. Most nonadministrative posts were general comments about water use (15), questions about water use
(11), or questions or suggestions relating to the web site (7).
In summary, while the Pilot chat was used for informational purposes, virtually no conversation –
in the sense of users responding to one another – took place. There are a number of possible
reasons for this. One reason may be that users were anonymous, and thus there were few
openings for conversation. Another contributing factor is that there were a relatively small number
of users around at any one time: those who study online community often talk about the need for
a “critical mass” of participants for a conversation to get started, and the water pilot may have
fallen short of that. A third reason is that conversations are most apt to start when there is
something to talk about. Several interviewees commented that they just didn’t have much to say
about their water use.
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Design Implications for Future Systems
This examination of how portal users used and experienced various parts of the Water Portal
suggests a number of areas for future development. The visualizations of water use were clearly
important and useful. The ability of citizens to make sense of the water usage graphs – and map
that to their individual actions and water appliances – is an important finding, because it shows
that visualizations can be useful even when they do not show which appliances were responsible
for water use. Furthermore, the fact that users often enjoyed looking at their water graphs,
suggests that visualizations could be further developed as a motivational or incentive mechanism.
The social comparisons and contests were effective as well, albeit for a smaller set of portal
users. It was interesting to note that although the social comparison and contest were shown side
by side, some users only paid attention to one or the other. This suggests that it is useful to
provide a variety of mechanisms to have the best chance of engaging the broadest array of
users. Of particular interest were those who “followed” the game but didn’t care about winning –
the comments of these users suggest that they liked seeing themselves compared against
individual households, even though those households were anonymous. There is considerable
opportunity for future development of both social comparisons and contests.
While the chat was used for posting information, there was little conversation among citizens.
This merits further exploration, because there are many examples of online communities that
sustain rich and varied conversations, and thereby attract and retain participants. There are a
number of approaches that can be explored here. One is to encourage the use of real world
identities in the chat rooms. While privacy concerns here would need to be addressed – e.g.,
users would need to be assured that others could not access their water data – this would provide
a possible way of taking advantage of the fact that some participants will be neighbors, and will
know one another, and thus open a wider range of topics for conversation. A second approach is
to allow citizens to create separate conversation topics – e.g., “How to save water in the
summer,“ or “Are front loading washers worth it” – to catalyze conversation, rather than the
current approach of providing only a single window for discussion. Finally, as deployments
become larger, either via larger pilots or deployments to the city as a whole, chat may become
more popular simply because there will be enough participants to form a critical mass of
conversants.

8.1.4 The Impact of the Portal
As demonstrated in this report (cf. Tables 10 and 11), use of the Water Portal resulted in
decreased water consumption as measured by actual water use. This section takes a broader
look at its impact and explores how it was achieved.

About the Portal Users
Before examining the impact of the Water Portal, it is important to say a bit more about the
participants in the study. Recall that, as noted at the beginning of this section, the users in this
study were all volunteers, and therefore may have been exceptional. And indeed, the survey
indicates that the 56 Water Portal users who responded in the survey were very tuned in to water
conservation issues: 70% agreed that they had been trying to conserve the amount of water they
used for a long time even before the pilot started. More specifically:
•
•

57% reported that before the study had started, they had made at least one change to their
water infrastructure (e.g., purchasing a water efficient dishwasher, washer, toilet, etc)
73% reported that before the study had started they had made at least one change to their
behavior to conserve water (e.g., shorter showers, running dishwashers and washers only
with full loads, using less water on the lawn or when washing the car) before the started
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So, while there is not a baseline for the average Dubuque inhabitant, it seems evident that much
of the low hanging fruit – installing low flow faucets and showerheads, taking shorter showers –
may have been picked before the pilot study began. That makes the actual finding of a water
consumption reduction quite impressive.

Increased Understanding
The survey asked a number of questions about the impact using the Water Portal had on users
shown in Table 13 below. Large majorities of the Water Portal users agreed that it increased their
understanding of how they use water (77%) and enabled them to see the effects of changes they
made (70%). As we’ve described earlier in this section, the ten interview informants described a
number of ways in which the Water Portal – especially the hourly water usage graph – did this:
from seeing how much water a particular appliance used, to seeing that an appliance that claimed
to be water efficient actually was.
Table 13. Questions on the general impact of the Portal
Question
Numbers who chose
Agree-Neutral-Disagree (NA)
Using the Water Portal increased my
43- 7- 5 (1)
understanding of how I use water
The Water Portal allowed me to see
39-13- 3 (1)
that changes I’ve made do affect my
water usage
The Water Portal helped our household 27-21- 8 (0)
conserve water
I discussed water usage information
from the Water Portal with other
members of my household
I discussed water usage information
from the Water Portal with people who
do NOT live in my household

12 (Never)
6 (Once)
29 (A few times)
9 (Once a week or more)
21 (Never)
6 (Once)
23 (A few times)
6 (Once a week or more)

Summary
77%
agreed
70%
agreed
48%
agreed
79%
discussed
at least
once
62%
discussed
at least
once

Water Conservation: Reinforcing existing practices
Yet, in the third question, a smaller proportion of the Portal users (48%) said that the Water Portal
actually helped them conserve water. Why is this? A number of the interviewees commented that
while they liked the Water Portal and the information it provided, they were, in the words of one
couple, “pretty frugal anyway.” Another said, “This, for us, reinforces what we’re doing and keeps
us doing it, rather than changing the mode of operation in our house.” Still others were taking a
wait and see approach – “It’s just got us thinking about it. And put it into focus that this is real, we
have some control over this, and in the end our faucet controls how much is going down the
drain” – sometimes because they are contemplating major appliance purchases that they don’t
want to rush in to.

Talking with Others
Another question is the extent to which using the Water Portal caused people to have
conversations about their experiences with others. Given that the Portal’s chat feature was not
heavily used, it was good to see that people did talk with one another, both within and beyond the
households.
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A large majority (79%) of survey respondents discussed their water use with others in their
household (note that some members of the pilot group lived by themselves). For instance, one
interviewee recounted how looking at the hourly usage graph led to “some comedic banter with
[my wife] about how come your shower has such a bigger bar than my shower has. And that kind
of caught her attention.” And in another instance, the kids in the family – motivated by winning the
weekly game – nagged their father: “My kids said ‘Dad, you gotta fix that faucet, it’s dripping so
much!’
Fewer Portal users discussed their results outside the household, but still a majority (62%) did so
at least once. One Portal user recounted giving out his user ID and password to members of his
extended family so they could log in and see his results. Another printed out screenshots to show
people. Still others mentioned carrying on discussions with their co-workers. No doubt some of
this is due to the fact that the Water Portal was a new project, but even so such public discussion
can be an important way of encouraging others to start using the system at the start of
deployments.
Water Conservation: Changes to Appliances and Behaviors
The survey asked Water Portal users about changes they had made during the study, or planned
to make in the future. Although as noted above, many Water Portal users had made such
changes before the study began, many also reported that they had made other changes during
the study, or planned to in the future.
•

39% of Portal users reported making at least one change to their water infrastructure, with
the most frequent alteration being fixing a leak (29%). 45% reported plans to make such
changes, with the most frequent planned alteration being to purchase a water efficient toilet
(18%).
• 45% of Portal users reported making at least one change in their water consumption behavior
during the study. The most popular of these behavioral changes was to avoid unnecessarily
running the faucet – e.g., while washing dishes or brushing teeth – and was reported by 33%
of Portal users. Only 20% of the Portal users reported plans to make further behavioral
changes, perhaps because unlike making changes to water appliances, advance planning is
not so necessary when one is going to change one’s behavior.
Overall, a total of 61% of Water Portal users reported making a change to either a water
appliance or the ways in which they used water (or both) during the study, and another 48%
reported plans to do so. These reports are consistent with the observed reductions in water use.

8.1.5 Behavioral Studies Summary
Degree of Use
The aggregate usage pattern for the Water Portal is an initial burst of logons followed by a
gradual decline to a lower and steadier pattern of use. It is evident from both survey and interview
responses that a portion of the users were interested in gaining an understanding of their water
usage patterns, but once they’d done that they lost interest in the Portal. In the interviews, those
who fit this pattern commented that they were already quite frugal in their use of water. This
seems like a reasonable attitude – it seems unlikely that in the future all citizens will be avidly and
continuously engaged with their water usage. On the other hand, future work might explore ways
of trying to periodically re-engage these users, perhaps as seasonal or weather changes cause
overall changes in water usage patterns.
30% of the 89 survey respondents never used the Water Portal, and smaller percentages used it
once or infrequently. Those who rarely or never used the portal (but had internet access) most
frequently said the reason for their infrequent or non- use was that “they kept forgetting.”
Comments also suggested that some users had difficulty keeping track of their user IDs,
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passwords, and/or the location of the web site. These findings suggest that future work might
focus both on ways of non-intrusively reminding participants about the Water Portal, and also
providing education on how to manage user IDs, passwords and URL’s.

Manner of Use
For users who used the Portal regularly – once a week or more often (27% of the survey
respondents) – the survey looked at what parts of the Portal they reported using, and the value
they derived from them. The most popular feature of the Water Portal appeared to be the Hourly
Water Usage graph based on both usage logs and surveys. Over 90% of Water Portal Users
reported that they could connect the peaks in the graph with their own water usage, and half of
them reported being surprised by things they saw. Comments from the interviews indicate that
users were interested in how much water various appliances used (either because it was a lot, or
because they could see that what was supposed to be a water efficient appliance actually was);
comments also revealed that many actively enjoyed being able to see their actions reflected in
the visualization, suggesting that visualizations provide both valuable information and help
motivate people to use they system.
Out of the 56 Portal users, many reported “usually” looking at either in the weekly contest (47%)
or in comparing themselves to how other households were doing (67%). A number of users
commented that they were interested in following the game because they liked seeing how they
compared to other individual household, but they didn’t care about winning, per se. On the other
hand, there were users who were interested in competing in the game, and said they adjusted
their water use to try to help their team win. Of the 15 survey respondents who used the Portal
most frequently (once a week or more), all but one usually looked at the game or the “Neighbors
Like You” social comparison. While it cannot be concluded that the game or comparisons cause
users to continue their use of the web site, these findings suggest that both gaming and social
comparisons merit further development.
The other social aspects of the Water Portal – News and Chat – saw the least “usual” use
according to the survey (41% and 31%), which corresponds to impressions from the interviews.
While users appreciated these functions, and gained useful information from them, analysis of the
chat logs and comments in the interviews suggested that the chat function was not used for
extensive conversations among ordinary users: it was more a place for posting information, and
supporting questions and answers. The problem might fix itself as the system is deployed to
larger groups – it is generally recognized that online systems need a “critical mass” of users to
support lively talk. Regardless, it would be valuable for future work to focus on ways of increasing
the conversational use of chat, as lively conversation is known to be a way of encouraging people
to participate in online systems.

Impact
As noted earlier in the report, use of the Water Portal resulted in a reduced consumption of water.
This is striking in view of the fact that 70% of those who used the Portal noted that they tried to
conserve water for a long time, and 79% of Water Portal users had made some kind of change to
their water appliances or the ways they used water before the study began.
While the study did not have data to conclude which aspects of portal use led to a reduction in
water consumption, much of what participants reported in the surveys and interviews could have
contributed. The 56 survey respondents used portal multiple times (about half of those that used
the Portal based on the logs) reported seeing the most benefits. 77% reported that using the
Portal increased their understanding of how they used water, and interview participants gave
examples ranging from understanding the amount of water wasted by a leak to realizing how
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much water a washer or dishwasher used. And interviewees reported that these realizations lead
to changes in behavior – fixing the leak, running dishwashers and washers only with full loads,
and contemplating the purchase of more water efficient appliances. More generally, 61% of Water
Portal users reported make changes either to a water appliance (e.g., 29% reported fixing a leak)
or their water use behavior (e.g., 33% reported letting the faucet run less) during the pilot study,
and 48% stated they planned to make other changes in the future.

9 Conclusion
The collaboration between the City of Dubuque and IBM has made Dubuque a front-runner
among cities that are making significant strides toward sustainability, gaining it national
recognition. Dubuque was first selected as a 2010 Natural Resource Defense Council Smarter
City, one of 22 cities in US, and one of the four small cities that were chosen. In December 2010,
Dubuque was selected by Fast Company as the only U.S city in a list of the 10 smartest cities on
the planet.
The pilot was completed successfully in mid-December, 2010. The current Water Pilot users
continue to have access to the portal through mid-2011. Building on the success of the pilot, a
proposal to extend the program is being developed to enable up to 4,000 households to access
the portal through mid-2013. The current Water Pilot users will have continued access. The
additional users will include households participating in the Smarter Electricity project and other
volunteer users.
This Smarter Water pilot is an innovation that can be easily adopted. Since it is Cloud-based, it
can be replicated to other cities that have smart water metering infrastructure. The solution
architecture was well defined and documented. There was documentation available for training
users (e.g., a Training Guide, User’s Guide, and a Quick-start pamphlet). There were also best
practices and templates (e.g., a roll-out plan, surveys, semi-structured interview protocols), and a
community engagement plan that includes activities to engage residents (e.g., communication,
training sessions, and outreach calls, etc.).
A very important aspect of this work is that it laid the ground for the design of future systems, e.g.,
the Smarter Electricity and City In Motion projects on which the City of Dubuque and IBM are
currently collaborating. The use of systems like this is voluntary – it cannot be mandated. To
encourage the adoption of these technologies in other cities it’s important to extract lessons from
this work to make future systems even more consumable and user-friendly.
This work can serve as a template for sustainable communities that desire to engage their
constituents in resource conservation whether it is water, energy or any other natural or produced
resource. This work has helped Dubuque reinforce its role as a sustainability leader, and the
various awards and honor it has received is an apt recognition of its efforts to become a model
community for sustainability.
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Appendix A: Other Insights from Analyzing
Consumption Data
This Appendix discusses additional insights that resulted from analyzing the consumption data of
the City of Dubuque. The insights are derived from analytics.

A.1 Spatio-temporal Analysis
Water consumption patterns are typically spatially correlated because nearby households may
have similar house sizes, family sizes, incomes, and lifestyles. These characteristics are usually
determined by regional living environments, e.g., weather, living expense, transportation, and
utility supply. The spatial distribution of the water consumption can be visualized using heatmaps,
which use different colors to represent average household consumption in a grid space. As
shown in Figure 20, the darker a grid is, the higher the average consumption was recorded.
Comparing the heatmaps from July and October, it was found that both of them have similar
spatial distributions. In other words, some neighborhoods usually consumed more water than the
rest. In addition, the heatmap from October had lighter grids in general.

a) July Consumption
b) October Consumption
Figure 20. Heatmaps of Average Households Consumption
By analyzing regional water consumption across both spatial and temporal domains, the spatiotemporal analytics can identify the regions that have significantly different behavior from their
neighboring regions. These outlier regions can help reveal underlying changes in living
environments, such as regional development, immigration, disease breakout – or it can reveal
demographic information due to special events, for instance, the beginning and ending of school
or religious holidays.
A novel regional outlier detection approach has been designed to discover arbitrarily clustered
neighborhoods that perform significantly different from their neighbors on the temporal domain.
One interesting example of the identified regional behavior change is shown in Figure 21. There
are two regions highlighted in Figure 21, which had 20% consumption increase from May to June
while their neighboring regions showed smooth transition from May to June. A potential reason
may be that many of these households may have college kids, who came home for summer and
increased the average water consumption accordingly.
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Figure 21. Outlier Regions with 20% increase from May to June, 2009
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