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MEMORANDUM
TO: Council Members
FROM: Stacy Horton, Washington Policy Analyst/Biologist

SUBJECT: Water Resources in the Pacific Northwest as Related to Marine Heat
Waves, El Nino, and Climate Change

BACKGROUND:

Presenter: Washington State Climatologist Nick Bond is a senior research scientist
with the Joint Institute for the Study of Atmosphere and Ocean (JISAQO) at
the University of Washington (UW) and also is an affiliate associate
professor with the Department of Atmospheric Sciences at UW. His
research is on a broad range of topics with a focus on the weather and
climate of the Pacific Northwest, and the linkages between the climate and
marine ecosystems of the North Pacific.

Summary: This presentation will review the precipitation, snowfall and streamflows
that accompanied past climate fluctuations such as the Blob, and ENSO
events. It will also include discussion of expected changes in streamflows
with climate change. It will conclude with an outlook for the winter of
2019-20.

Relevance: The Council is interested in better understanding the effects of climate
change. The Fish and Wildlife Program acknowledges the challenge of
implementing actions to improve conditions for fish and wildlife while
climate change is redefining the very environment around us. The
Program recognizes the need to assess and, where necessary, respond to
the impacts of climate change, which has the potential to threaten the
program’s past and ongoing investments in habitat improvements in the
Columbia River Basin. The Council continues to encourage, monitor, and
promote public awareness of pertinent climate change research and
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information and to assess how it should influence program mitigation
efforts.

Background:Projected future changes in temperature and precipitation will alter the
snow pack, stream flow, and water quality in the Columbia Basin with
anticipated impacts that warmer temperatures will result in more
precipitation falling as rain rather than snow, with snowpack diminishing,
particularly in lower-elevation watersheds, and stream flow timing will be
altered. Peak river flows will likely shift to earlier in the spring, and water
temperatures will continue to rise. These temperature and hydrologic
changes are expected to have a variety of interrelated impacts on aquatic
and terrestrial ecosystems in the Columbia River Basin.
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Related to Marine Heat Waves, El Nino and
Climate Change

’-';'_ -'#‘Fﬂ?.'m

W

Office of the Washington State Climatologist

Regional Connections

Climate Change Projections



Apr 01, 2015

Snow Water
ent (SWE)
ride Percent
2010 Median

42

Marblemainty

navailable *
50%
0-69%
0-89%

0 - 109%
10 - 129%
30 - 149%
=150%

ailable at time
or measurement
asentative at this
ar

al Data
> Revision

4

pared to the average value for those sites on this day. Data based on
the first reading of the day (typically 00:00).

.\%‘Ien&ﬁiir:-@

Lower Snake
oWalla Walla

Spokane

0 10 20 40 60 80 100




60N

58N

56N

54N

52N

SON

48N

46N 1

NOAA Ol SST
Surface SST (C) Composite Anomaly 1981—-2010 climo

r~4

NOAA/ESRL Physical Sciences Division

40%ow 155W 150W 145W 140W 135W 130W 125W 120W
Feb 2014
BT e A N N S
-2.5 -1.5 -0.5 0.5 1.5 2.5



STEVEN

McQUEEN

CRSEAUT-RNE.
~ JAOKHHARRS: IRVIN S YEANORTH.JR. THEODORE SIMONSON < KATE PHLLIPS , 516855555




Sea Surface Temperature (SST) Anomalies Offshore the Pacific NW
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USGS 12210000 SF NOOKSACK RIVER AT SAXON BRIDGE, WA
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Current MHW vs. “The Blob”: SST anomalies

The Blob
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Weekly SST Anomaly 2019/09/29 - 2019/10/05
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El Nino-
Southern

Oscillation
(ENSO)
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Daily Air Temperatures in Seattle during 2 El Nino Winters
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Total Winter Snowfall (inches) at Snoqualmie Pass
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Obs. SWE (cm)

Snow Water Equivalent (SWE) for 1 April
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Inchas

Northwest Climate Region, Precipitation, October-September
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1920-2012 Temperature Trends
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Check out the new trend analysis tool: www.climate.washington.edu.trends
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Snow Course Stations Reporting Snow Water Equivalent (SWE) on April
1st
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streamflow (cfs)
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60-Year Trends for the Top Precipitation Events along
the West Coast of North America
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Potential Evapotranspiration (pET)

Summer Mean Potential ET
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January 253, . .

| DON’T CARE WHAT THEY SAY,
THIS GLOBAL WARMING SCARE
IS JUST A BUNCH OF LOONY
LEFT-WING ENVIRONMENTAL
ANTI-GROWTH HYPE!

IS THIS
YOUR FIRST
WINTER HERE
IN SEATTLE?
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Large Drop in Snowpack in the Mountains

Annual Cycle of Water Equivalent Snow Depth at Stampede Pass
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August Mean Air Temperatures (fill) and
Maximum Summer Stream Temperatures (dots)




Precipitation
Changes by
Season

m Changes relative to
1970-1999 mean

Wetter winters

Drier summers_
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Modeled Changes in Atmospheric River Frequency
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Matural flow (cfs)

400

a0 1000

B0

200

Expected Transitions in Watershed Types

= Historical
- A1B 20405
:"Fy \ —  A1B 2080s

Samish River

Ot Dec Feb Apr  Jum Mg
Maonth

21000

15000

3000

2000

\
Snohomish River '\EL

¥

Oct Dec Feb  Apr Jun Aug
Month

Sauk River \HI"l

Oct Dec Feb  Apr Jun Aug
Month

Hamlet et al. 2013



Watershed
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Skagit River

Discharge
(cfs)
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Expectations for the Pac NW

m Variations on time scales of seasons to
multiple years will dominate long-term
trends for the next 2-3 decades

m Greater increases in minimum rather than
maximum temperatures; higher humidity

m Wetter winters and drier summers
(probably)



Climate Change Time of Emergence for the Pacific Northwest

When is the earliest change expected for monthly streamflow metrics?
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Water Management Challenges

m Summer Demand versus Winter Floods
m [nfrastructure (e.g., Reservoirs)

m Legal Issues

m Hydropower

m Habitats

m Recreation/Tourism

m Groundwater Withdrawals
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CADTAIN KIRK LANDS |

£ ON A S0GQY, REMOTE
, CORNER OF PLANET *

TO BOLDLY SEND
YOUR WATER WHERE
T WAS NEVER
(GONE BEFORE!
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Ecosystem Concerns

m Water and Air Temperature Impacts
m Aquatic Migration

m [nvasive Species

m Sea Level Rise/Saltwater Intrusion
m Riverine Habitat



Final Remarks

Record temperature anomalies occurred during 2014-16 in
the western US.

Natural variability in the climate system (e.g., El Nino) will
continue to dominate overall trends for some time

Future decades will feature not just warmer temperatures but
probably also wetter winters and slightly drier summers

Relative to historical norms, Pacific NW stream flows are
generally expected to be greater in winter and lower In
summer. Extreme events (ARs) liable to include greater
moisture contents.

Will overall water supply or water quality be a bigger issue?
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Top Ten 1-Day Winter Precipitation Events - Western WA
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Trends in Fraction of Snow versus Rain in Winter (1949-2004)
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