Climate Change Impacts for
Stormwater Management in
Puget Sound
Stormwater runoff is the leading pollution threat to
the health of Puget Sound. Stormwater runoff affects
water quality, human health, slope stability, and
freshwater and marine habitat quality. As a result,
reducing stormwater runoff is priority throughout the
Puget Sound region.

More details on the
impacts of climate change
on the Puget Sound
region and ongoing
climate risk reduction
efforts can be found
in State of Knowledge
Report: Climate Change
in Puget Sound (Mauger
et al 2015; available at
cig.uw.edu/ps-sok).

Climate change is expected to increase the
amount of stormwater runoff entering Puget
Sound’s waterways, requiring changes in the way
communities manage stormwater. This fact sheet
describes how climate change affects stormwater
runoff and associated issues, and is intended to
support stormwater managers in preparing for
climate change.

Most models project modest increases in fall, winter,
and spring precipitation (+3 to +11% on average,
relative to 1970-1999) by the 2050s for a low and
high greenhouse gas scenario. In contrast, models
consistently project a decline in summer precipitation
(−22%, on average, for the 2050s). The net result of
these seasonal changes is a relatively small increase
in annual average precipitation (+4 to +5% on
average for the 2050s). While notable, the changes
in seasonal and average annual precipitation are
generally small compared to the historical yearto-year fluctuations in precipitation resulting from
natural variability.

A Warming Climate
A warming climate creates conditions more favorable
to extreme precipitation, producing events that are
projected to exceed the range of historical variability
in western Washington and Oregon after midcentury.
Annual and seasonal temperatures in the Puget
Sound region are expected to increase rapidly in
the coming decades as a result of rising greenhouse
gas emissions. By the 2050s1, annual average air
temperature is projected to rise +4.2°F to +5.9°F,
on average, for a low and high greenhouse gas
scenario.

Changes in extreme precipitation are more
significant. Heavy rainfall events (typically caused
by “atmospheric river” events; Box 1) are expected
become more intense through the 21st century.
Models project that the heaviest (top 1%) 24-hour
rain events in western Washington and Oregon will
intensify by +22% (range: +5% to +34%) on average
by the 2080s2 for a high greenhouse gas scenario.

While natural variability will remain an important
feature of regional climate, by mid-century the region
is likely to regularly experience average annual air
temperatures that exceed the range observed in the
20th century.

The frequency of today’s heaviest 24-hour rain
events also increases, occurring seven days per year
by the 2080s, on average, compared to two days
per year historically (1970-1999). These changes
will exceed the range of historical variability in the
second half of this century, a period that is well within
the design lifetime of most stormwater infrastructure.

More Heavy Rain
Wetter winters and more extreme precipitation
events are projected, although individual model
results can vary.
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Sea Level Rise
Stormwater management infrastructure in coastal
areas will also be affected by sea level rise.

Figure 1. Satellite view of the Pacific region showing an
atmospheric river (circled in white) originating in the tropical
Pacific Ocean on November 7, 2006. Brighter colors indicate
areas where the atmosphere is holding more moisture. Figure
Source: NOAA.

The Economic Cost of
Atmospheric Rivers
Atmospheric rivers are narrow bands of heavy
precipitation typically extending from the tropics to
the west coast of North America during the winter
months. Atmospheric rivers are a regular feature of
Northwest climate, and can produce widespread
flooding and damage where they occur. For
example, the atmospheric river shown in Figure 1
produced 8-20 inches of rainfall over the Cascade
and Coastal Mountains in a two day period. This
heavy rainfall event washed out roadways, triggered
mudslides, and resulted in ~$50 million in damages
(NOAA).
Another atmospheric river event in January 2009
produced 3-8 inches of rainfall throughout western
Washington. This heavy rainfall event resulted in
$125 million in damages, and closed a 20 mile
stretch of Interstate 5 for two days. Amtrak lines out
of Seattle were also impacted (NOAA).

Figure 2. Aerial view of Chehalis/Centralia area, Lewis
County. Photo: Washington Department of Transportation.

In the Puget Sound region, absolute3 sea level is
projected to increase by +28 inches, on average,
by 2100 (range: +14 to +54 inches, relative to
2000). In the tectonically active Pacific Northwest,
some areas will experience lower amounts of rise,
while others experience a greater increase in sea
level. Although storm surge events are not projected
to become more extreme, surge will reach farther
inland due to the higher base sea level.

Implications for
Stormwater Management
Changes in heavy rainfall events have implications
for stormwater management in urban and rural areas
throughout the Puget Sound region.
In urban areas, more frequent and heavier rainfall
events will increase the likelihood of runoff volumes
that exceed stormwater design capacities, amplifying
the potential for stormwater pollution, localized
flooding, and combined sewer overflows. In rural
areas, more extreme precipitation can lead to more
nonpoint source runoff and increased nutrient
loading in receiving waters. These events have
implications for water quality, salmon, shellfish
production, human health, and landslide risk in the
Puget Sound region.

Increasing Nonpoint Source Pollution

Projected increases in heavy rainfall events are
expected to increase the transport of polluted runoff
into the region’s water systems. As stormwater runs
across the land surfaces, it picks up and carries
pollutants such as motor vehicle oils, grease,
antifreeze, pet and farm waste, fertilizers, pesticides,
and heavy metals from the ground and paved
surfaces.
Chemical pollutants from urban runoff can affect
human health and the health of aquatic and marine
species. For example, pollutants in urban runoff
have been found to cause premature mortality of
Coho salmon spawning in restored habitats in the

Climate Change Impacts on Stormwater Management for Puget Sound
Climate Impacts Group | February 2016

3

Refers to the height of the water surface irrespective of land
elevation (i.e., relative to a fixed point, such as the center of the earth).
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Puget Sound region. This phenomenon, referred to
as Coho pre-spawn mortality syndrome, typically
results in death of adult Coho salmon within a
few hours of exposure; egg retention is frequently
observed in females that died under these conditions
(Spromberg 2015). Polluted stormwater runoff can
also harm or kill aquatic insects eaten by salmon or
other aquatic species.

Combined Sewer Overflows

More severe heavy rainfall events and increased
winter flood risk are expected to strain, and in
some cases exceed, the capacity of stormwater
infrastructure. This increases the likelihood of
combined sewer overflows (CSOs) in locations
with combined sanitary sewer/stormwater systems.
CSOs typically occur during periods of heavy rainfall
when total wastewater flows exceed the capacity
of the collection system, causing untreated sewage
and stormwater to flow into a stream, river, or
Puget Sound. Common contaminants associated
with CSOs include toxins, chemicals, and harmful
bacteria such as fecal coliform.

Risks to Shellfish Areas and Recreational
Beaches

Stormwater pollution from nonpoint sources and
CSOs can close shellfish harvesting when water
pollution levels in shellfish growing areas pose a
threat to public health. The Washington Department
of Health found that stormwater from rural areas and
septic systems are the most likely sources of recent
shellfish-area pollution (DOH 2005). Shellfish-area
closures can result in lost revenue for growers and
businesses that support commercial and recreational
harvest, product recalls, and job losses. Shellfish
closures can also impact tribal use of shellfish for
subsistence, cultural, and economic purposes.
In addition to causing shellfish-area closures,
pollution carried by stormwater runoff can close
public beaches. Recreational use of nearshore
waters (including sand) at beaches contaminated
with fecal coliform bacteria can lead to infections or
illnesses. Most beaches observe the largest spikes
in bacteria concentrations in nearshore waters
immediately following heavy rainfall events.

Landslide and Erosion Risk

While landslides and erosion are natural geologic
processes, they are frequently triggered by heavy
rain events. Poor stormwater management can
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exacerbate the risk of erosion and landslides. For
example, discharging stormwater above or on steep
slopes can reduce slope stability by increasing
the weight of water stored in soils, resulting in a
greater likelihood of a landslide (WSDOT, 2014).
In addition to damaging infrastructure and blocking
transportation routes, increasing landslide and
erosion risk can lead to higher sediment loading
in rivers and streams, affecting water quality in the
region.

Decreased Drainage, Increased Saltwater
Intrusion

Stormwater collection systems are likely to
experience increased incidences of saltwater
intrusion, corrosion, flooding, and inundation as sea
level rises. In coastal areas, low-lying stormwater
system outfalls are expected to be partially or
completely inundated by rising seas, which could
slow or block stormwater drainage into Puget Sound
and increase low-elevation flooding. Difficulties
draining stormwater in coastal areas can cause road
closures, impede access to facilities, and damage
public and private property.

Inundated stormwater outfalls can also allow
saltwater to backflow through the stormwater
collection system, resulting in flooding in areas
otherwise unconnected to the shoreline. In
Olympia, for example, saltwater can enter the city’s
combined sewer system and be conveyed to the
region’s wastewater plant for treatment, leading to
increased operating costs. Modeling shows that a
+6 inch rise in sea level in Olympia will increase the
probability of today’s 100-year flood event from a
1% annual probability to a 5.5% probability; higher
amounts of sea level rise would cause this level of
flooding to occur even more frequently (Simpson
2012). Saltwater backflow can also cause corrosion
damage to stormwater infrastructure as marine water
infiltrates the system.

Reducing Climate Risks
Growing awareness of how climate change can
affect infrastructure, programs, and communities
is leading to more interest in—and specific actions
related to—preparing for climate change. This idea is
commonly referred to as “climate adaptation” or
“increasing climate resilience.”

‘Stromwater flows onto street’ by the Chesapeake Bay Program,
used under CC BY-NC-ND 2.0.
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Reducing climate risks asks public and private
entities to consider the following fundamental
question:
How does climate change affect what
I am trying to accomplish, and what
would I need to do to address those
risks?
Examples of climate adaptation in Puget Sound’s
stormwater management system are growing. For
example:
•

Plans for the new Mukilteo Multimodal Ferry
Terminal building include a bioretention filtration
system (a combination of landscape vegetation
and filter media) which will be installed to
collect and treat stormwater. The project design
measures for the ferry terminal incorporate sea
level rise projections.
Seattle Public Utilities’ RainWatch system
provides operators and decision-makers with
1-hour precipitation forecasts and 1- to 48hour rain accumulation totals that can be used
to manage extreme precipitation risks at the
neighborhood- or basin-scale in real-time.
Washington Department of Transportation’s
strategic plan requires all plans to document
how climate change and extreme weather
vulnerability are considered.

•

•

It’s important to recognize that climate change
may require doing some things differently, but not
necessarily all things. Many ongoing activities,
such as green infrastructure planning, low impact
development, and habitat restoration, already

Policy “Red Flags”
Climate risks may be created or perpetuated by
regulations, policies, practices, and procedures
that:
•
•
•

do not allow regular re-evaluation and
adjustment in accordance with changing
conditions;
require planning based strictly on the past,
or pin certain decisions to certain periods or
seasonal patterns; or
reinforce trends that increase vulnerability or
reduce adaptive capacity (e.g., development
along floodplains).

From Preparing for Climate Change: A Guidebook for Local,
Regional, and State Governments (Snover et al. 2007)
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provide some degree of adaptation benefit (at
least in the near term) by increasing the resilience
of human and natural systems to today’s extreme
events. However, some activities may become less
effective or even maladaptive (i.e., exacerbating
climate impacts) over time without identifying and
adjusting for the impacts of climate change (see
Policy “Red Flags”).

For More Information
For more information on climate impacts on Puget
Sound and what agencies, organizations, and
communities are doing to prepare for climate change,
see State of Knowledge: Climate Change in Puget
Sound (Mauger et al. 2015) or contact the University
of Washington Climate Impacts Group (https://cig.
uw.edu/; cig@uw.edu).
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