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The Portland Water Bureau (PWB)
has used climate model projections
to inform planning for over 25 years,

and over this time has built substantial

in-house capacity to conduct these
analyses. Implementing the latest
CMIP6 model projections in supply
and demand forecasts brought new
opportunities—and challenges. But
the key to making the forecasts
usable is a simple reservoir storage
and drawdown model that translates
the complex stream of outputs into
familiar supply metrics.
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Investing in internal capacity has
paid off for PWB

Getting organizational buy-in to
new processes takes time and
effort

Speaking in familiar terms aids
understanding

Kick the tires on new climate
data first—and expect bumps in
the road

Climate change is not the only
source of future uncertainty in
demand

Learn more about these lessons on
page 13




SUMMARY

Utility

Utility business functions
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Potential decisions or
actions to be informed
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and/or events of interest

Why those data were
selected

Impact modeling
performed

Key attributes of this
case study

City of Portland Water Bureau (PWB)

Bull Run Watershed (102 sg. mi.) and PWB service area
(225 sg. mi.)

Produce a range of long-term forecasts of water supply and
water demand, and resulting system outcomes

e Prioritizing the water supply system projects in the Capital
Improvement Plan

e Investment in secondary groundwater source

* Streamflow

* Reservoir drawdown start, duration, end

¢ Minimum storage, with and without groundwater use

* Total groundwater pumped, days of pumping, maximum
pumping rate

¢ Average day, summer average, peak day, and indoor base
demands

« CMIP6 models capture the relevant atmospheric circulation
patterns

e LOCAZ2 is focused on better representing short-term extremes

¢ Option of SSP3-7.0; intermediate between RCP 4.5 and 8.5
used in previous analyses

e System hydrologic model (based on PRMS)
e Demand model
¢ Reservoir-drawdown model

* First five-year supply-demand update in a continuous adaptive
planning process

* In-house technical capacity makes routine updates more
feasible

* First use of CMIP6 by PWB for supply and demand forecasting

* For definitions of CMIP6 and other climate modeling terminology, see this glossary.



Overview of the utility

The Portland Water Bureau (PWB) currently serves just under one million customers
with drinking water in Portland, Oregon, and 19 surrounding cities and water districts,
through both retail and wholesale contracts. PWB’s primary water source is surface
water from the Bull Run Watershed, about 25 miles east of Portland. The watershed is
a temperate rainforest that receives 135 inches of precipitation annually, on average.
The mix of rain and snow during the long wet season, and a dry summer climate,
generates a complex annual hydrograph with generally elevated streamflows from
November through May, multiple flow peaks, and low flows from June through
October.
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Two reservoirs in the Bull Run Watershed currently provide 9.8 billion gallons (30,500
acre-feet) of usable storage, typically drawn down within the window of May through
October and refilling in the late fall and winter. The diversion pool and headworks are
located just below the lower reservoir (Reservoir 2 in Figure 1). All diverted Bull Run
water is treated at two separate treatment facilities located between the watershed
and the service area. The utility is in the process of building a new filtration facility

in the next few years that will change the location and full method of treatment. The
two dams in Bull Run comprise the Portland Hydroelectric Project (36 MW capacity).
The lower dam outlet works are set up so that PWB can selectively release colder
“bottom water” into the river to meet downstream temperature targets.




PWRB'’s secondary water source is groundwater from the Columbia South Shore Well
Field (CSSWF), which can supply 80-95 MGD, sufficient to cover wintertime (indoor
base) demands alone. In a typical year, the CSSWF is operated for one month in

the late summer, when reservoir storage is at maximum drawdown. Treatment of
CSSWF water is less intensive and occurs at the well field pump station. Because

of the availability of two supply sources, Kristin Anderson, hydrology lead for PWB,
says, “We don't have the same vulnerabilities or supply stresses that are occurring
regionally.”

Project background

Since the late 1990s, PWB'’s per capita water demand has sharply decreased—due to
plumbing codes, water use efficiency, and densification—and average retail system
demand has decreased by 35% from 2000 to 2025, even as the overall population

in the service area has grown by 18 percent over the same period. Also, three of
PWRB’s largest wholesale customers and one smaller wholesaler are about to end their
contracts in July 2026, which will reduce total system demand by 30 to 35 percent.
However, in a warming climate with longer and hotter summers, PWB expects it will
still need the resilience provided by both of its supplies to ensure not just customer
demand but regulatory commitments for endangered salmonids in the Bull Run
Watershed can be met into the future.

PWB has a long history of using climate projections to inform its long-range planning.
In 2001, PWB'’s Infrastructure Master Plan was one of the first water-sector planning
studies to incorporate global climate models. However, the single, upward future
demand trajectory assumed in the Master Plan was soon rendered obsolete by the
unexpected declines in demand described above. This experience of rapidly shifting
demand and supply dynamics and the need to change course is what led PWB away
from trying to deterministically predict the future—whether for demand or supply—
and toward adaptive planning and scenario planning frameworks that more fully
acknowledge uncertainty.

For another decade, PWB lacked the in-house capacity to perform periodic climate
change analyses and continued to outsource this work to university researchers. In
2014, PWB worked with university- and NOAA-affiliated researchers on the WUCA-
sponsored Piloting Utility Modeling Applications (PUMA) project. In PUMA, four
WUCA utilities used customized modeling tools to develop actionable climate
science for planning purposes. PWB’s goal was to set up a hydrologic model for the
Bull Run Watershed and develop a customized downscaled CMIP5-MACA dataset.




Around that time, PWB hired a dedicated water-resource modeler, Ben Beal, so

that the utility could more readily update previous analyses with new climate data
and other information and perform sensitivity tests. Kavita Heyn, PWB’s Adaptive
Planning, Demand Management & Climate Division Manager, says that there has been
a long-term savings to the utility by building this internal capacity, and the intentional
investment of in-house modeling positioned the utility to be able to undertake a new,
more adaptive, scenario-based approach to its planning in the coming years.

In the late 2010s, after a decade of learning from WUCA peers about the flexibility
afforded by adaptive and scenario planning approaches, PWB integrated climate
modeling into a scenario-planning approach for the 20-year update of its Supply
System Master Plan, released in 2021. The plan encompassed four future scenarios to
help the utility prepare for a range of future conditions. Each scenario had different
levels of supply stress (as driven by demand, changes in climate and hydrology, water
quality, and available water) and funding availability for supply system investments:

e Economic Woes—Very Low Supply Stress and Very Constrained Funding
¢ Rosy Outlook—Low Supply Stress and Stable Funding

e Thorny Prospects—High Supply Stress and Constrained Funding

e Low Flows—Significant Supply Stress and Stable Funding

PWB also committed to

a five-year update cycle

for its supply and demand
forecasting to more routinely
inform investments in the
supply system; the project
described here is the first
such update. Heyn says
that since PWB can't do
everything in the next five-
year part of the Capital
Improvement Plan, the
updated forecasts will help
the utility prioritize the

20 or so supply-system
projects listed in the Plan. In

Aerial view of Bull Run Reservoir #1 and the upper Bull Run

Watershed, February 2025. (Image: Wikipedia user Tedder, particular, quantifying the
under CC BY 4.0.) Bull Run Watershed’s future




vield helps PWB better understand future needs from its secondary groundwater
system, and how it should invest to assure overall supply reliability.

The five-year update is also an opportunity to revisit PWB’s four future scenarios in
light of the new supply and demand forecasts and ask key questions: Does it appear
that PWB is heading toward one scenario more than others? Is the future expected
to be outside the range of the original planning scenarios? Regular reassessment of
needs, given new information about future climate and hydrology as well as changing
conditions on the ground, is integral to PWRB’s adaptive planning framework.

Project methods and data selection

TIME HORIZON

For the ongoing (2025) update of supply and demand forecasting as part of PWB’s
continuous adaptive planning process, the look-ahead is 25 years, to 2050. While
climate projection data would support a longer view forward, given the uncertainty
that grows in the outer years, the utility has decided to focus on a 25-year window
and update the analysis more regularly to forecast further out in time. In the next
(2030) update, the time horizon will likely extend to 2060.

SELECTING AND PROCESSING CLIMATE MODEL DATA

PWB previously used CMIP5 projections in several analyses and plans. As CMIP6
data started trickling out from modeling centers worldwide, PWB collaborated with
researchers at Portland State University (PSU) to more closely examine the “raw”
CMIP6 data. In particular, Heyn says, PWB wanted to learn how well the CMIP6
models reproduced the broad-scale synoptic atmospheric circulation patterns known
to be major influences on water supply in the Bull Run Watershed and the service
area. For example, in the winter and spring of 2014-2015, a persistent high-pressure
ridge over the Pacific Northwest led to both below-normal precipitation and record-
warm temperatures.

The PSU study found that the CMIP6 models as a group were able to simulate these
circulation patterns with reasonable fidelity (Taylor et al., 2023), generating more
confidence in using CMIP6 for regional precipitation and temperature projections.
Another layer of comfort in using CMIP6 was added by the information in the CMIP6
FAQ developed by WUCA and released in December 2024. But, Heyn says, it was
having the in-house capacity to do the data handling, modeling, and analyses that




Dam 1 and Reservoir 1, Bull Run Watershed

clinched PWDB'’s decision to use CMIP6 for the efforts described in this case study, as
opposed to sticking with CMIP5.

Once the decision was made to use CMIP6, PWB chose to use the CMIP6-LOCA2
downscaled dataset because of its ready availability and the focus by its developers
on more accurately representing short-term climate extremes (Pierce et al., 2023).
While most of the previous CMIP5 work used CMIP5-MACA data, as mentioned
above, PWB also used CMIP5-LOCA data, in a broad-scale extreme-heat analysis.
Compared to CMIP5-MACA or CMIP5-LOCA, the CMIP6-LOCAZ2 dataset also had
the advantage of more emissions scenario options to consider. The two downscaled
CMIP5 datasets (LOCA and MACA) offered only either RCP4.5 (which felt too
“optimistic” to PWB) or the high-emissions RCP8.5 (“doomsday”). The LOCA2
dataset includes projections run under the analogues of these two RCPs (SSP2-4.5;
SSP5-8.5), as well as SSP3-7.0, which felt more “in the middle”—and which PWB
chose to use for the new analyses.

For the supply and demand forecasting, PWB originally intended to screen out the
so-called “hot models” that had been previously identified in the CMIP6 ensemble.
But when Beal plotted projections from all 23 models in the LOCA2 data under SSP3-
7.0, the hot models as a group weren’t outside the bounds of the non-hot models

for the region of interest, so all of the hot models were kept in. According to Beal,




the presence of the hot models hedges for uncertainty to some degree; e.g., if future
greenhouse gas emissions end up higher than assumed in SSP3-7.0, or if the Earth’s
climate sensitivity turns out to be on the higher end. The final ensemble PWB is using
consists of one run (run 1) from each of the 23 models, or 23 runs in all. (The full
LOCAZ2 dataset includes a total of 92 runs, from 23 models each run one to ten times
under SSP3-7.0—but using only one run per model means that the models are equally
weighted in the ensemble.)

One issue that arose was that as Beal initially analyzed the LOCA2 data, he found that
the average monthly temperatures over the Bull Run watershed in LOCA2 over the
historical period (1985-2011) were cooler, by 1°F to 3°F, than the 1985-2011 monthly
averages of the set of gridded climate observations that had been used to calibrate
the PWRB’s hydrologic model. These discrepancies are not uncommon, especially in
areas of high topographic relief in which station observations are interpolated both
horizontally and vertically; the underlying station data and interpolation algorithms
can differ between gridded climate products.

In this case, Beal was concerned the temperature discrepancy would lead to an
underestimation of the impacts of warming on the watershed’s snowpack and runoff.
Since recalibrating PWB’s hydrologic model to match the LOCAZ2 historical averages
was not feasible, Beal performed a secondary bias correction on the LOCA2 data
using a quantile-mapping method applied to each calendar month and each GCM
cell within the area of interest, effectively shifting the LOCA2 values, historical and
future, a few degrees warmer, such that the historical LOCA2 simulations matched
the existing gridded climate observations.

IMPACT MODELING

The supply side of the forecasting uses PWRB’s hydrologic model of the Bull Run
Watershed, which was developed in the mid-2010s with the USGS’s Precipitation-
Runoff Modeling System (PRMS) platform. Inputs to PRMS are observed or modeled
daily minimum temperature, daily maximum temperature, and daily precipitation.
(Observed or modeled daily solar radiation is also input if available; otherwise it is
estimated within PRMS, as was done in this case.)

On the demand side, PWB implemented a new econometric, regression-based
demand model that estimates the relationship between water demand and several
drivers—weather, population, densification/land use, economic conditions, wholesale
contracts, passive efficiency, water and sewer rates, and climate change—and then
can translate the assumed future changes in those drivers into future demand




Infrastructure in Portland’s groundwater well field

levels. This model was developed by Hazen and Sawyer, replacing a previous, more
complicated demand model with a smaller set of drivers (weather, population, and

water price). Notably, the new model enables PWB to generate separate forecasts of

retail and wholesale demand, and within the retail demand to segment the forecast
by customer class (single-family, multifamily, and commercial/nonresidential). The
two required weather inputs to the new demand model are observed or modeled
monthly average daily maximum temperature, and monthly fraction of days with
precipitation.

Finally, a simple but effective reservoir-storage-and-drawdown model ties

supply and demand together and translates the scenarios into concrete system
impacts. Developed by Dave Evonuk of PWB’s engineering planning group, the
drawdown model was developed on the set of historical Bull Run streamflows and
applies decision curves to the reservoir model to indicate when different rates of
groundwater pumping might be needed to supplement the Bull Run supply. The
outputs of the model are systems performance metrics most relevant to PWB:

¢ Annual reservoir drawdown start and end dates; duration of drawdown
* Minimum annual storage with and without groundwater use

e Total groundwater volume pumped; days of groundwater pumping; maximum
pumping rate




OVERVIEW OF THE ANALYTICAL APPROACH

The supply forecasting follows a fairly standard “top-down” chain-of-models
approach for climate change assessment and provides PWB with a range of future
supply and reservoir storage metrics for analysis and planning purposes. As of
August 2025, PWDB’s updated supply modeling is still in process, due to be completed
by the end of the year.

The demand forecasting uses a different approach, in which monthly values
representing three different percentile levels (90th, 50th, 10th) for the two variables
(average daily maximum temperature, fraction of days with precipitation) are
calculated from the ensemble of 23 LOCAZ2 climate projections under SSP3-7.0,
separately for each month from 2025-2050. Three different combinations of
percentiles are then used in the demand modeling:

e Median future climate: 50th percentile temperature, 50th percentile precipitation
» Hot/Dry future climate: 90th percentile temperature, 10th percentile precipitation

» Warm/Wet future climate: 10th percentile temperature, 90th percentile
precipitation

s ey dy L
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Internal utility staff convene to discuss adaptive supply planning and updated forecasts on a regular basis
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FIGURE 2.

Schematic of the chain of models
approach for the Adaptive Planning 2025
Supply and Demand Forecasting. Orange

Use LOCAZ climate
only under SSP3-7.0,
run 1 from each model
(23 runs total)

LOCA?2 bias-correction
and downscaling

shading indicates data and processing
corsr‘:izr;?‘a?fl fcl)aéAz completed by others prior to PWB’s
analyses. Green shading indicates the

23 projections of daily steps performed by PWB.
Tmin, Tmax, Precip on

6-km grid

Run all 23 in PWB
hydrology model (PRMS)
of Bull Run Watershed

Extract monthly percentiles (10",
50th, 90t) of daily Tmax and
% days with Precip (2025-2050)

Run these 3 climate time
series with other drivers in
PWB demand model

23 projections of daily
hydrology (2025-2050)

Select hydrology and
demand time-series to
pair for modeling

5 demand forecasts
(2025-2050)

Run in PWB reservoir
drawdown model

Scenarios of reservoir
drawdown, min. storage,
groundwater pumping
(2025-2050)

PWB has input these climate scenarios along with changes to other drivers in the
demand model, and has produced five different demand forecasts that bracket a 1
range of potential changes to climate and other demand drivers:

Baseline demand drivers + Median future climate

L]

Higher-than-baseline demand drivers + Median future climate
Lower-than-baseline demand drivers + Median future climate

Higher-than-baseline demand drivers + Hot/Dry future climate
» Lower-than-baseline demand drivers + Warm/Wet future climate

This range creates a “cone of uncertainty” around the demand forecasts where
current conditions for the different forecasts are the same, but as one goes farther
out toward the 2050 time horizon, the forecasts increasingly diverge from each other.




Portland skyline

In the final step, the climate-informed hydrologies from PRMS are then combined
with all or a subset of the demand forecasts and run through the reservoir drawdown
model to simulate future supply performance metrics.

During the last supply and climate modeling update in 2019, a Shiny visual app/
dashboard was used to show all the different future reservoir supply simulations.

For the ongoing update, PWB anticipates developing a combination of statistical
graphics, such as cumulative distribution functions, tables with key metric thresholds,
and dashboard simulations to present and interpret the results for stakeholders.

DATA HANDLING

PWB initially obtained the LOCAZ2 data for its area of interest from a consultant, ICF.
When the historical-period bias issue described above emerged, Beal downloaded
the netCDF files directly from the LOCA2 server to compare with the files provided
by ICF. All the computing and storage is being done in-house and on-site at PWB.
Beal uses R to analyze the data, and the outputs are typically CSV files, leading to a
significant number of raw, intermediate, and final daily modeling products amounting
to approximately 10GB of time-series data. He noted that the hydrologic model is
quick to run, as is the reservoir-drawdown model, so most time is spent preparing
and aggregating the data, not on the runs themselves.

October 2025
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Lessons learned thus far

INVESTING IN INTERNAL CAPACITY HAS PAID OFF FOR PWB

PWB'’s up-front investment in internal technical capacity has reduced the barriers
to routine modeling and analysis, builds internal stakeholder trust, and, ultimately,
facilitates its continuous adaptive planning cycle. PWB staff can handle complex
climate, hydrology, and other datasets, and run these data in their impact models.
However, as Heyn points out, this level of internal expertise and complex modeling
isn’t required in order for a utility to use adaptive planning or scenario planning
methods, and simpler methods are available for utilities with fewer resources.

GETTING ORGANIZATIONAL BUY-IN TO NEW PROCESSES TAKES TIME
AND EFFORT

A utility’s full consideration of climate change often involves new processes as well
as new types of information. For PWB, successfully implementing scenario planning
and the five-year adaptive planning update cycle has required buy-in from engineers,
operations staff, finance staff, customer service, and other groups. Heyn, Evonuk, and
Cindi Lombard—PWRB’s project manager for the Supply System Master Plan—have
facilitated workshops and convened work groups for the past four years, “creating
space for different members from all groups across the entire Bureau to work
together to be involved in some of the data sharing and decision making,” according
to Evonuk.

SPEAKING IN FAMILIAR TERMS AIDS UNDERSTANDING

The reservoir drawdown model has been critical in translating climate change
analyses into the specific metrics used internally at PWB, such as the duration of
groundwater pumping. Anderson says that the cross-organizational understanding of
climate change impacts would be much less robust if “we couldn’t speak in metrics
that people are already working in.”
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KICK THE TIRES ON NEW CLIMATE DATA FIRST—AND EXPECT BUMPS IN
THE ROAD

Heyn cautions utilities to do some research ahead of time and not jump into using
new models (e.g., CMIP6) without some understanding of what they’ll be dealing
with. Even then, one should anticipate that there will be issues. PWB did quite a bit
of “due diligence” before adopting CMIP6 and LOCAZ2, but still ended up with an




unexpected data-mismatch requiring a secondary bias correction on LOCA2, to align

with their existing customized historical climate dataset.

CLIMATE CHANGE IS NOT THE ONLY SOURCE OF FUTURE UNCERTAINTY
IN DEMAND

It is common for a utility to use the range of climate-model and hydrology projections

to represent future uncertainty in changes to water supply. But water demand is a
different beast entirely, with many other highly uncertain drivers besides climate:
population, housing density, economic conditions, the price of water, efficacy of
conservation actions. PWB has factored this suite of drivers, along with climate
change, into its range of future demand scenarios.

Further reading
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2024.
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