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Funded by the Water Research Foundation

e Definitions & use cases

* Historical Trends /\/ 4 case studies \
 Current Drivers v 3 supporting studies

* Future Influences v Analysis of demand trends
 Management Strategies v Synthesis and characterization of

. Guidance \ demand management strategies/
* Examples
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CASE STUDIES & SUPPORTING STUDIES

Map of North America Climate Zones with Case Study & Supporting Study Locations 7

Utility/Organization Data Range Connections
San Antonio Water System 1994 - 2023 875,148
City of Westminster 1993 - 2023 34,131
Region of Peel 2010 - 2023 337,028
New Jersey American Water 1998 - 2023 136,549
Metropolitan North Georgia
Water Planning District 2006 - 2023 i
Cal Water - Visalia District 2014 - 2023 45,550
Texas Water Development 2019 - 2023 i

Board
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PEAK RATIO

Max Day/Average Day = Peak
Ratio

unitless
San Antonio Water System
decreasing at a rate of 0.009

City of Westminster
decreasing at a rate of 0.02

Region of Peel (South Peel)
decreasing at a rate of 0.008

New Jersey American Water
increasing at a rate of 0.001

Peak Ratio

® San Antonio Water System
® Westminster

® South Peel

® New Jersey American Water

Peak Day Ratio
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® San Antonio Water System

PEAK RATIO ® Westminster
can Water

g’l;)i(oDa)J Peak ratio represents a single day of a year when the
Unitless max demand is met.

San Ant

decreasit How frequently do demands of that magnitude occur?
City of

decreasit  Measure the daily production ratio to the average ratio.
Region

decreasii The Day to Average Ratio: A single day production

New Jerd divided by the average day production value (unitless)

increasi

Year



PEAK RATIO FREQUENCY

Graph shows how
daily demand
fluctuates around the
average demand

ion

Each gray bar
represents the entire
range of day to
average ratios for each
day in a year

The shaded areas
represent a
percentage of days
each year
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The Day to Average Ratio: A single day production
divided by the average day production value (unitless)

City of Westminster Day to Average Ratio
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Live Polling

Open your Whova apps to participate in a few session polls!

Navigate to the Whova app = Go to this session = Click on “Polls” =
Select and respond to the question you see displayed on the screen

m Polls

(O Chat




Poll Questions

* How familiar are you with water demand
forecasting?

* What about demand forecasting interests you?

* How confident are you in the demand forecast
that you currently use?




Why Accurate Water
Demand Forecasts Matter

Colwyn Sunderland

Infrastructure Planning Engineer, Kerr Wood Leidal, CAN
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+ .
Overview

What is a water demand forecast?
m Understanding and quantifying likely future changes
= Utility and community planning context

Why does accurate forecasting matter?
m Different uses, different needs
m Forecast timeframe and uncertainty



Imagine driving through an unfamiliar country at night...

With low beams?

With high beams and a good road map?
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Why do we have
“porcupine charts”?

We often incorrectly assume that:

o Historical water demand trends
will continue

o Water use will change in
proportion to population

We know these assumptions are
unreliable, so we “err on the high

side”...because running out of water
is bad!
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Historical water demand forecasts for Seattle’

1. Pacific Institute, 2016. A Community Guide for Evaluating Future Urban Water Demand



Why is
accurate

forecasting
Important?

Forecasts support a wide range of planning decisions, and
with different implications of getting it wrong:

m Engineering

m Too low — projects needed to service growing demands
aren’t built in time, or new assets are undersized

m Too high — growth-driven projects are built too soon (wasting
money) or too large (causing water quality and other
operational problems)

m Finance

m Too low — Funding is not in place when growth-driven
projects are needed

m Too high — Rate revenues are overestimated

m Water Efficiency

m relies on a very accurate baseline forecast (not biased high or
low) to effectively plan and measure program performance



T A Forecast Shouldn't be a Single Line

Forecasting Best Practices’

2. Account for Climate Change and Drought

3. Account for Changes in Economic Activity /

4. Account for Changes in Water Price —

5. Consistency with Other Planning Documents

6. Account for Expected Land Use Changes

7. Account for Uncertainty ==

8. Ensure Transparency and Review

1. Pacific Institute (2016). A Community Guide for Evaluating Future Urban Water Demand

Breaking down base and seasonal
demands

Manage uncertainty by:

1. Account for Water Conservation and Efficiency/ :

Scenario analysis for climate change,
population, economics, and policy
changes

- Land use assessment for sectors and

end uses

- Incorporating non-revenue water

- Calibration and uncertainty assessment

using probabilistic methods

- Engagement and training



T A Good Road Map Needs Enough Detail

- Base and Seasonal demands (or indoor and outdoor) have different drivers, and different implications for
planning and demand management.

- Scenario analysis is necessary to practically understand uncertainty and to build resiliency through adaptive
planning.

- Land use assessment unlocks the key impacts of changes in density, building form urban design on water
demands.

- Non-revenue water completes the supply and demand balance, clarifying the business case for both water
efficiency and distribution loss management initiatives.

- Calibration and uncertainty assessment enables one forecast model to serve a range of needs, and ensures
uncertainties and safety margins are transparent.

- Engagement and training improves a forecast through feedback and refinement, and ensures the forecast is
understood and used as intended.



Forecasting
approach

depends on
timeframe

Operational and tactical decisions usually rely on short-
term forecasts (a few weeks to a few years). These can
often be based on simpler, largely probabilistic models
based on a few input variables.

Longer-term forecasts (a few years to several decades)
are needed for master planning, strategic planning and
long-term financial planning. These usually involve sector,
end use and land use modelling as well as uncertainty and
scenario analysis.

The timing of demands is also an important decision.
Peak demands are influenced much more by certain
factors (often irrigation) than annual total or average
demands, and therefore have different uncertainties.



Exploring Impacts of Climate
Change and Other Drivers

Senior Planner, Carollo Engineers, IL




The Future of Demand Forecasting:

Navigating Water
Planning in a
Changing World

Jessica Fritsche, Associate
Carollo Engineers

2025 Water Efficiency and Conservation Symposium
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Map Reveals Where
California Numbers
are Plummeting
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\Oceanside =90 El Centro

Diego =
°
Published Oct 20, 2024 at 5:00 AM EDT Updated Oct 21, 2024 at 7:47 AM EDT CAROLLO / 26

A map shows the estimated population growth rate by county in California from July 2020 to July 2023, based on U. S. Census Bureau data. Click on individual
counties for detailed information.




Chart of the Day:
Family Size is Shrinking

* The average family size in the US has
declined from 3.3 in 1960 to 2.5 in 2023

Average number of people per household
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Water Online;
U.S. Water and Sewer

Bill Has Increased
4% In Five Years
Raising Affordability

concerns

Q
s WATER ONLINE

‘ Water ~ ‘ Wastewater ~ ‘ Industrial ~ ‘ Utility Management ~ ‘ Trending ~ ‘Vinual Water Expo

NEVER-DOUBT Youn-g ¢
METERSAGAIN "

News | February 6, 2025 g n n n n

U.S. Water And Sewer Bill Has Increased 24% In Five Years,
Raising Affordability Concerns

The combined water and sewer bill for a typical U.S. household has increased by 4.6% from 2023 to

2024, according to Bluefield Research, a leading provider of global water market data and insights. This
rise is being fueled by mounting operational costs, inflation, and necessary capital investments.
Bluefield’s latest report, U.S5. Municipal Utility Water Rates Index 2024: Drinking Water & Sewer,
benchmarks a core set of water and wastewater utilities over the past five years (2010—2024) and reveals
a 24.1% increase in combined drinking water and sewer bills, reflecting the mounting cost pressures
impacting U.S. households.

“The cost of maintaining and upgrading water infrastructure continues to rise, and these costs are being
passed down to ratepayers,” notes Megan Bondar, an analyst at Bluefield Research. “Sewer charges, in
particular, represent a significant portion of monthly bills, highlighting the growing costs associated with
wastewater treatment and regulatory compliance.” Over the past five years, sewer costs have consistently
accounted for the largest portion of household utility bills, representing approximately 50% of
households’ monthly utility bills. Since 2019, sewer expenses have exceeded the costs of water provision
by an average of US$19.33 per month.

Various factors, such as infrastructure age, localized climate risks, and respective state policies, influence
regional water rate disparities. Monthly water bills vary significantly across the U.S., with prices as low as
US$21.76 in Phoenix, Arizona, and as high as US$122.94 in San Francisco, California, illustrating
extreme regional disparities.

In 2024, the Northeast region had the highest average combined water and sewer bills, totaling
US$141.53 per month. This is in contrast to the South, where the average was US$118.21 per month. An

underlying factor in this difference is the older utility assets and systems in New England, which require

costly upgrades.

“These regional cost variations not only highlight operational and infrastructure differences across cities

but also raize coneerns abo abilitv of water and sewer services for households pa arlvip

O




Tiny Homes on Small Lots
Popping Up in San Antonio Area
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Rethinking Zoning to Increase Affordable
Housing
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ARIZONA ENACTS
NEW WATER
CONSERVATION
STANDARDS

Marcel Kuhn | June 18, 2025

S 1 iy % : ey ﬂ ﬂ
@ [ i U ﬂ E Il'

t



Climate Change

The costs of climate change in Ohio: Cooling, flooding,
asthma and more

Story by Peter Krouse, cleveland.com « 1w « (J 4 min read

& sonwe EARTH-ORG

Climate Change Energy Pollution Policy & Economics Oceans Biodiversity Conservation Solutions

CRISIS - ATMOSPHE

2024 ‘Virtually Certain’ to Be Hottest in
History, Marking ‘New Milestone’in

Temperature Records

L Signs at Cleveland Metroparks Edgewater Beach warn beachgoers of a stormwate
© Joshua Gunter/cleveland.com/TNS

Guides




Data Centers
Are We
Prepared?

How much water do data centers use and are we prepared?

Story by Amy Joi O'Donoghue « 2w « (0 4 min read

[* MARKETS TODAY

O nx & 073

Dylan Poulsen works on a server at Meta's Eagle Mountain Data Center in Eagle Mountain on Friday, Sept. 30, 2022. Meta is expanding the data center,
increasing the total investment to over $1.5 billion. Once completed, the center will be a 4.5-million-square-foot campus.
© Jeffrey D. Allred, Deseret News
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Spectrum of Demand Forecasting Technigues

Trend
Extrapolation

Adjusted
Unit Use

Demand
Function

Disaggregrated
Unit Use

Low Complexity High

CAROLLO / 33

Per Capita
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Production in AFY

Production in AFY

200
2048
2000

15,000

Scenario Planning Framework

On Trend with

On Trend Outdoor Conservation

Warmer, Dense, and More

Outdoor Conservation

27,000 27,000

Production in AFY
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15,000 15,000

2000
2048

Production in AFY
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AWWASs Guidebook — Practical and FREE

* Presents resources to process
downscaled climate change data

 Overview of key areas of water
demand impacted by climate change

* Methods for incorporating into
forecasts

» Case studies
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ﬁ https://www.awwa.org/wp-content/uploads/Incorporating-Climate-Change-Impacts-Into-Demand-Forecasting.pdf

AWE 2025 Th


https://www.awwa.org/wp-content/uploads/Incorporating-Climate-Change-Impacts-Into-Demand-Forecasting.pdf

The Age of Digital Transtormation

ADVANCED

PROCESSING

Ciick 10 select C\u&dragbpan Usemwscmc«mzoom

Water Customer Water Utility Office
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and Data Infrastructure and Data
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Dashboards and Planning Tools

Spatial Planning Units (SPU) are areas that delineate
existing and planned developments that impact both
water demands and sewer flows on the respective

Posted: Carollo Engineers

Update Future Units

N,

Update Demand Analysis

Sewershed: North_Lower_Sycolin
Pressure Zone: 538

Plant ID: BR

Area: 1027.9-acres

SPU ID: SPU_D81

B B B B DN

Demand Projection (Potable Water, SPU) Scenario: Master Plan
Pemand Projections (GPD)
Reports: Master Plan OPTIONS »
Demand Sector 2030 1,000,000
Single Family 14538 g
. Potable Water e $
Multi Family 0 0 0 0 E
Non-Residential 19010 80020 95505 109881 117844 125807 5 oo
. Data Center 862773 862773 862773 862773 862773 862773 z
Demand Projection Non-Revenue 76980 83246 87748 91997 95737 99536

Total 962261 1040579 1063620 1082323 1094137 1105955

. Wastewater
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Where is demand

headed?

forecasting
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Quicker, Automated Data Collection and
Processing to Support Forecasting

_— (> CS

/>

Web Browser API Server Platform

CAROLLO / 39
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Take Aways i —

* Sophisticated mathematical techniques
have been around a long time

- Data have expanded and advanced in
every way possible

* Tools and resources for processing the
data are catching up

- New generation of engineers and
planners with matching skills

- Automation of forecasting to do the
work more efficiently

CAROLLO /| 41




A Discussion with

Colwyn Sunderland Jessica Fritsche

Infrastructure Planning Engineer Senior Planner
Kerr Wood Leidal Carollo Engineers




Reminders & What’s Next

Thank you all for participating in this session!

* CEUs: AWWA CA-NV Water Use Efficiency Practitioner

k American Water Works Association
California-Nevada Section

* Next: Closing Plenary

* Field Trip Reminder: Meet in Gleacher Center Lobby G
immediately after Closing Plenary. Bus leaves at 3:45 pm .  2&




Thank You to Our Sponsors
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