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1. Introduction

This report serves as the November 16, 2008 quarterly report to CTED on the
Comprehensive Assessment of the Impacts of Climate Change on the State of
Washington being performed by the University of Washington Climate Impacts Group (CIG)

and subcontractors in response to H.B. 1303, as proposed. by CIG to CTED in July, 2007. The
CIG is part of the Joint Institute for the Study of the Atmosphere and Ocean (JISAO) Center for

Science in the Earth System (CSES).

The July, 2007 proposal outlines five tasks to be accomplished. We summarize below in
Sections 2 and 3a-i progress on Tasks 1 and 2a-i, respectively. Task 3 pertains to the Interim

Report produced in December 2007, which also served as our second quarterly progress report.

Tasks 4 and 5 refer to the draft final report due in December 2008, and therefore are not
addressed in this progress report. The tasks are arranged in parallel with the proposal

document, and the italicized text below the titles states the research questions posed by each of

nine project sectors. Task 1 in the proposal has to do with climate scenario analysis, which was

intended to be used in all subsequent tasks. Work on this task is summarized in Section 2
below. Tasks 2a-i of the proposal outline work to be performed in each of the sector areas.
Progress on these sector-specific tasks is summarized in Sections 3a-i. Task 2a in the proposal

dealt with CIG's interaction with the Climate Advisory Team's Preparation and Adaptation
Working Groups (PAWGS), which was completed with release of the Final Report by the
Climate Advisory Team in February 2008.

2. Future Scenarios and Climate Projections

a. Background

Projections of the future climate for the State of Washington used in this assessment are based

on global simulations fro'm 20 General Circulation Models (GCMs) and two greenhouse gas
emissions scenarios run at research centers around the world, and from which output was
archived for the 2007 IPCC Fourth Assessment Report. Each model includes a base-line
simulation of the 20th century climate that we have used to evaluate model performance over

the Pacific Northwest. Based on these models, we developed a consensus projection for
changes in the climate of Washington over the next 50 years. To account for the coarse spatial

resolution of the global models, we consider the entire Pacific Northwest region (roughly, the

states of Washington, Oregon, and Idaho, and the southern portion of British Columbia) in
evaluating the 20 models' projections of future climate change.

Based on analysis of all of the model results, the average warming rate in the Pacific
Northwest during the next -50 yr is expected to be in the range 0.1-0.6°C (0.2-1.0°F) per
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decade, with a best estimate of 0.3°C (0.5°F) per decade. For comparison, observed warming

in the second half of the 20th century was approximately 0.2°C per decade. Trends in
temperature already stand out above natural variabilty. Warming is projected to be greater in

summer than in other seasons by most models. Projected precipitation changes are modest,
and wil be comparable to natural variabilty until late in the 21st century. Most models have
cool-season (November through April) precipitation increasing and summer (June, July, August)

precipitation decreasing. Figure 1 shows the range of projected increases in precipitation for

the 2020s. for the full suite of GCMs (20 total) and emissions scenarios A 1 Band B 1. The
2020s is defined as the average of the 30-year period centered on 2025 (2010-2039). In this
figure, the consensus projection is a slight increase in precipitation over winter months

(December - February) of about 2%, and a decrease in summer precipitation (June - August) of
about 3-8%. Projected changes in precipitation for this period are within the range of natural
variabilty, though changes in the mean may have large impacts to natural resources (e.g.
hydrology). In addition to seasonal and annual precipitation changes, early results suggest
some increase in intense precipitation.
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Figure 1. Range of predicted changes in precipitation for the 2020s for each season (DJF=winter,
etc.) and for the annual mean. In each pair of bars, the left one is for emissions scenario B1 and
the right is A1B (Mote et aI2008).

b. Downscaled Global Model Projections

We have developed a new 1/16-degree (approximately 36 km2) gridded histiorical data set of

temperature and precipitation over the Pacifc Northwest that interpolates station observations
with adjustments for topographic relief. Using these data as an empirical basis, we have
applied a statistical technique to downscale the GCM simulations to the 1/16-degree grid. The

method is tuned so that the downscaled GCM simulation for the last 50 years of the 20th century
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(1950-1999) reproduce the observed statistics for temperature and precipitation. Specifically,
the mean and probabilty distribution of temperature and precipitation are reproduced and the
observed covariance between sea-level pressure and precipitation is preserved as welL.

c. Climate Change Scenarios

Each of eight sectors is evaluating the impacts of climate change for three time periods: the
2020s, 2040s, and the 2080s, with focus on the 2020s and 2040s. Projections over these
periods are defined as averages over the 30-year windows centered on 2025 (for the 2020s),
2045 (for the 2040s), and 2085 (for the 2080s). Two types of climate change scenarios are
being evaluated by the sectors, which we name transient scenarios and delta method scenarios.

Transient scenarios are derived from downscaled global model projections, as described in
Section 2a and b. Projections using the delta method approach are based on consensus
projections of temperature and precipitation change for two emissions scenarios and 20 GCMs

are used to evaluate climate change impacts for the 2020s, 2040s, and 2080s.

In our final report, sectors have chosen climate change scenarios that are most appropriate to

their analyses. Two sectors are utilzing output related to transient climate change scenarios

(including specific GCMs and emissions scenarios) as input to sector-specifc models. These
sectors include agriculture and salmon and in these cases, the coarse resolution global model~
output has been downscaled to the regional leveL.

In other cases, sectors such as hydrology and water management, energy, forests, and health,

are employing a delta method approach for evaluating impacts. In the case of hydrology, the

full suite of 40 climate change scenarios (20 GCMs utilzing both A1B and B1 emissions
scenarios) were evaluated in specifc case study regions, including the Puget Sound and
Yakima watersheds.

As discussed in the June 2008 progress report, a single, "middle model" transient scenario, that

effectively represents the consensus of all the models, has been employed by the agriculture

and salmon sectors to provide an approximation of the composite of all individual projections

that wil be presented as part of the final rieport. Selection of the "middle model" was made
based on the abilty of the model to reproduce observed temperature and precipitation statistics

in the model's simulation of 20th century Pacific Northwest climate and was close to the average

of all models for the 21st century. On this basis, the ECHAM5 model of the Max Planck Institute,

Germany for the IPCC (2001) SRES A1B emissions scenario was selected as the "middle
model". In addition to using the "middle model" scenario, the agriculture sector has identified

climatic conditions likely to be primary drivers of climate change impacts and incorporated
corresponding scenarios that capture the range of future impacts. The salmon sector has used
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scenarios (including A18 and 81 emissions scenarios) based on the 10 GCMs that best
simulated 20th Centuiy climate annually as well as over the seasons.

d. Regional Climate Model Simulations

Global climate model results are also being used for "dynamic downscaling" using the Weather

Research and Forecasting (WRF) regional climate modeL. Two parallel efforts are currently

underway to provide simulations of atmospheric variables, such as precipitation, at an hourly
timestep from 1970 through 2050. The first simulation, which was performed over 1970-2000
and 2020-2050, is at 20-km grid spacing using the CCSM3 global model as forcing along with

the A2 greenhouse gas emissions scenario. The second is at 36-km grid spacing using
ECHAM5 global model as forcing data along with the A 18 emissions scenario; ECHAM5 is the

"middle model" used for impacts assessment by other sectors. This simulation was divided into

four parallel runs and the following period of simulation have been completed: 1) 1970-1992, 2)
1990-1999, 3) 2020-2034, and 4) 2040-2059. The infrastructure sector is using results from
regional climate model simulations in their evaluation of potential future changes in precipitation

frequency (refer to section 3.h). In addition, the scenarios group is comparing results from the
two parallel regional climate modeling efforts and analyzing results with respect to interannual
variabilty and extreme events. .

Page 8 of 44



HB1303 Quarterly Progress Report November 16,2008

3. Sector Interim Results and Findings

a. Adaptation and Legal Barriers

i. Summary of Sector Research Questions

The overarching research question that is being addressed by this sector is: How can
Washington State best adapt to climate change and what are the maor barriers to climate
change adaptation in the state?

ii. Scientific Progress and Key Findings

Climate change is expected to bring significant changes to Washington State's natural, cultural,

and economic landscape. As described in the preceding chapters of this report, agriculture,
coasts, hydroelectric production, forests, human health, urban stormwater infrastructure,
salmon, and water supplies throughout the state face potentially unprecedented challenges from

the combined effects of a changing climate, population growth, and growing demands on
resources.

Why Adapt to Climate Change?

Growing evidence that climate change is underway and the realization that substantive
reductions in greenhouse gas emissions wil not be made in time to avoid many projected
climate change impacts are contributing to an emerging awareness both globally and locally of

the need to prepare for climate change impacts. However, the need for adaptive planning at the

state and local level goes beyond these factors (Snover et al 2007). Below are a number of
points in support of adaptive planning at the state and local leveL.

1. Signifcant regional-scale climate change impacts are projected, and the impacts
expected within the next few decades are largely unavoidable due to current and
projected greenhouse gas concentrations in the atmosphere.

2. Washington's residents, businesses, and local and state governments are on the
"front line" when it comes to dealing with climate change impacts.

3. Decisions with long-term impacts are being made every day, and today's choices wil

shape tomorrow's vulnerabilties.

4. Preparing for climate change may reduce future costs. Efforts taken now to reduce

vulnerabilty to climate change impacts may lead to future cost savings through
damage avoidance and/or by avoiding the need to retrofit for climate resilence at a

later time.
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At its core, adapting to climate change is a function of risk management. Just as state and local

governments anticipate and prepare for long-term changes in the economy, state and local
governments need to anticipate and prepare for the risks associated with climate change.

Progress in the Adaptation sector can be grouped into three main areas of work, as described
below.

· Leaal Analvsis: The CIG is working with the Environmental Law Clinic at the University

of Washington to evaluate the broader legal/policy considerations associated with
developing more flexible policies and incorporating the risks associated with climate
change impacts. Some of the questions that are exploring include some or all of the
following:

1. What, in general, does a "flexible policy" or "risk-based policy" look like? How does

this differ from current policy fonnulation?

2. What fundamental considerations need to be accounted for when designing

flexible/risk-based policies?

3. What are the general regulatory and non-regulatory options for creating more

flexibilty/incorporating risk in tenns of how we regulate and otherwise manage
resources in Washington, e.g., easements, transfer of development rights,
infrastructure expansion, supply expansion, etc?

4. What are the general legal/policy issues that need to be considered with these
categories of regulatory and non-regulatory adaptation mechanisms?

The analysis is sector-neutral, focusing on the fundamental concepts of flexibilty and risk that
are common across all of the sectors being evaluated by the HB 1303 project.

HB1303 State Conference: As noted in previous progress reports, the CIG wil host a state-
wide conference on the results of the HB 1303 analysis on February 12, 2009 at the
Washington State Convention Center. A more detailed agenda for the conference has been
developed and is under internal review. Conference registration wil be open around December

1. The hope is to maximize participation in the conference by keeping the registration fee at

$100 or less.

CASES database: As noted in previous progress reports, the CIG is developing an on-line
climate adaptation case study database to provide a resource to individuals interested in
learning more about local, regional, and state-ièvel adaptation activities. The basic structure of

the database has been constructed and is being reviewed internally. The alpha version of the
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CASES database wil be sent out to select RISA members for review by Friday, Nov 14. We
expect the beta version wil be up and running before the HB 1303 State conference.

,.

~
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b. Agriculture and Irrigated Agriculture/Economics

i. Summary of Sector Research Questions

The overarching research question that is being addressed by this sector is: What wil be the

impacts of climate change on productivity and sustainability of the state's agriculture?

ii. Scientific Progress and Key Findings for Agriculture

Efforts continue to be placed on the revision of a grid-based daily weather database built on a

common platform with geo-referenced soil and generalized land use maps, suitable and
optimized to run the models. This is not a trivial task and continuous checking is necessary to
ensure data quality. In particular, recent work has focused on the estimation of solar radiation

and maximum and minimum relative humidity from the available daily weather projections of

precipitation and temperature.

Agricultural systems are very sensitive to solar radiation (the main weather driver) and available

water, with crop performance modulated by temperature and humidity. With complete weather

data sets now available, we are starting to run models for several crops and work out problems,

particularly for orchards. For the latter, we are likely to be the only group globally that is able to

simulate different tree fruit crops under a common platform and responsive not only to weather

but also to management. These runs must be carefully checked since there is limited
experience available in the literature as reference.

Selected future weather projection scenarios were chosen to evaluate climate impacts for the

periods 2010-2039 ("2020 scenario") and 2030-2059 ("2040 scenario") and 2070-2099 ("2080

scenario). The following are the weather projection models to be utilzed for computer
simulations of climate impact on agriculture:

a) Historical

b) Projected CCSM3 (warm/dry)

c) Projected CGCM3.1_T47 (intermediate)

d) Projected ECHAM5 (intermediate)

e) Projected PCM 1 (cool/wet)

All weather projections are based on the A 1 B CO2 emission scenario and corresponding

projections of atmospheric carbon dioxide concentration.

In addition to weather variables, crops are expected to respond to the projected elevation of
atmospheric C02 concentration. The existing evidence is that increases in atmospheric C02

Page 12 0144



HB1303 Quarterly Progress Report November 16, 2008

concentration wil have a positive effect on crop growth, particularly in the case of plants with C3

photosynthetic pathway (most domesticated plants), with a minimal response in the case of C4

plants (e.g., maize and sorghum).

Preliminary Projections of Climate Change Impact on IrriQated Potato Production

Preliminary si,mulation runs were performed based on growing conditions in Othello, WA, which

are representative of irrigated potato production in eastern WA. These results and assumptions

made have not been reviewed and, at this time, should only be taken as indicative of the type of

analyses that wil be possible with the information being gathered.

On average, based on climate change alone, yields are expected to decrease with respect to
historical values by 2%, 3%, and 5% for the 2020, 2040, and 2080 scenarios. As shown in
Figure 2, the main factor is the shortening of the duration of the life cycle compared to historical

conditions.

::--

When the effect of increased atmospheric C02 concentration is included, yields are increased
progressively for future weather scenarios (Table 1). These results are based on a 25% gradual

increase of plant water-use effciency for a C02 concentration change between 390 ppm and
660 ppm, which are expected for years 2010 and 2083 for the A 1 B CO2 emission projection.

Future increases of photosynthetic capacity of C3 crops continued to be the subject of

" significant discussion, but the assumed change appears as feasible (next set of runs may
include a reduction of the increase to slightly more conservative values). Overall, increased
CO2 concentration may compensate for yield reductions due to warmer climate without
increasing irrgation demand (Table 2).

These simulations do not include the effect of temperature on tuber initiation and growth at this

time, which could be an additional yield reduction factor. Although potato is grown in many
different environments, it is best adapted to temperate climates. Moderately high temperatures

do not appear to limit dry matter production in potato, but biomass partitioning to tubers is likely

to be decreased under these conditions. Also, at mean air temperatures above 17°C,

tuberization diminishes. Tuber quality may also be affected by temperature and is variable even

under current weather conditions. In a study of Russet Burbank potatoes in Benton County, WA

involving both warm and cool years, about 80% of the tubers produced were U.S. No.1 in the
coolest year. But in the warmest year, only 50% of the tubers were U.S. No.1, even though
total yield had not been affected.

Shorter life cycle duration and small changes in within-season precipitation and crop

evapotranspiration resulted in somewhat smaller (not significant) net irrgation requirements for
future weather under climate change alone (Table 2). When elevated CO2 effect is added, given
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an expected reduction of stomatal conductance, net irrigation requirements are reduced even as

crop yields increase (refer to Figure 3), highlighting the well-documented increase in plant
water-use effciency under these conditions. Overall, these numbers indicate a minor change in

irrigation water demand that can be likely neglected.
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Figure 2. Life cycle duration (days)
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Table 1. Tuber yield (kg of dry matter / ha) for three weather projection scenarios and four weather
projection models

Projection 2020 Projection 2040 Proiection 2080 Historical
Mean CV Mean CV Mea CV Mea CV

Without
C02 effect 15999 5.4
CCSM3 15723 4.4 15372 5.4 15045 4.9
CGCM3 15652 4.7 15505 5.4 15237 5.4
ECHA5 15922 5.4 15534 3.7 15371 5.2
PCMl 15760 4.2 15692 5.0 15394 4.3

With CO2
effect
CCSMJ 16584 5.0 17373 5.4 18910 4.8
CGCMJ 16509 5.7 17535 5.9 19151 4.9
ECHA 16786 5.9 17555 3.8 19335 6.1
PCMl 16631 5.7 17738 4.7 19360 4.7

Table 2. Net irrigation requirements (mm/season)

Projection 2020 Projection 2040 Projection 2080 Historical
Mea St. Dev. Mean St. Dev. Mea St. Dev. Mea St. Dev.

Without C02 effect 220 25
CCSM3 220 17 223 16 207 22
CGCMJ 207 19 203 20 200 20
ECHA5 217 22 212 23 200 23
PCMl 220 19 220 19 221 23

!with C02 effect
IcCSMJ 215 16 213 16 188 22
CGCM3 204 19 194 20 180 19

. ECHA5 213 22 202 23 181 23
PCMl 217 20 211 20 200 23
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c. Coasts

i. Summary of Sector Research Questions

The overarching research question being addressed by the coastal sector is: To what extent wil

rising sea levels and ocean temperatures impact the coasts, estuaries, and harbors of the state

through inundation, increased flooding, and/or erosion?

Subsidiary science questions include:

f) To what extent wil rising sea levels, increasing ocean temperature,

increasing flooding and/or erosion impact coastal areas?

g) How wil these changes affect urban waterfronts, port areas, delta regions,
residential communities, and the communities on the Pacific coast?

h) How wil shellfish aquaculture be impacted?

i) What response opportunities or constraints are imposed by the current legal
and regulatory framework?

j) How can the impacts of coastal climate change be reduced by adaptation
efforts?~

ii. Scientific Progress and Key Findings

During the past month we have made progress on two key elements of the Coastal Impacts of
Climate Change: (a) Impacts on shellfish aquaculture, and (b) legal implications of Sea Level

Rise in Washington.

Impacts of Climate Chanae on Shellfish Aauaculture

Over the past decade, there has been an increase in evidence of relationships between climate

and the magnitude, frequency, and duration of Harmful Algal Blooms (HABs). HABs are blooms

of algae that can produce potent natural toxins that may cause harmful physiological and

environmental effects (including ilness or death), particularly when they are concentrated within

filter feeding shellfish and fish and consumed by humans or other organisms. Due to the large

amount of physiological and ecological diversity among HAB species, not all HAB species
exhibit a uniform response to changes in climate, even though HABs are increasing in
frequency, intensity, and duration in all aquatic environments on a global scale. SST and
upwellng have both been linked with HABs, however (Patz et aI., 2006). The frequency and
distribution of HABs has increased over the last 30 years, and therefore human ilness from
algal sources has increased.
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By the year 2100, surface air temperatures in the Puget Sound region could increase by as
much as 6°C (NOAA, July 2007). These predicted rising water and air surface temperatures
may also promote earlier and longer lasting HABs (Patz et aI., 2006). Accurate HAB predictions

require a better understanding of the physiology and ecology of HABs.

A growing number of studies have shown that the survival of larval marine species, including
commercial shellfish, is reduced by ocean acidification. The range and magnitude of biological

and socio-economic effects are not certain enough to quantify at this time, but they are thought

to be substantial (NOAA, 2008). While there is great uncertainty about the future path of
acidification and resulting impacts, there are also potentially great risks of significant and
troubling changes in the species composition and vulnerabilty of ocean ecosystems that
support shellfish and other marine-based human food supplies. An indication of the potential
risks of increased ocean acidification and related water quality changes was recently
documented in commercial and research shellfish hatcheries in Washington and Oregon.
Th~se facilties experienced poor egg survival and massive mortalities of larval and juvenile
oysters during an extended period when low pH (7.5 to 7.8) water was entering their seawater

intake lines. The mortalities are stil unexplained with the pH shif one of a number of possible
causal factors (personal communication with Dan Cheney, 2008).

Leaallmolications of SLR in Washinaton

While the immediate impacts of a rise in sea level are not yet certain, we do know that a rise in

sea level wil impact shoreline propert rights in the Puget Sound and along the Washington
coast. The current statutory scheme has not yet considered the impact that a rise in sea level

wil have on private propert rights. For the most part, state shoreline and land-use statutes,
associated administrative regulations and guidelines, and local land use plans do not mention

SLR. Our regulatory approach is premised on the notion that shorelines are static, which has
been shown to be a misguided premise.

1. Shoreline Management Act

Although each layer of the regulatory system plays a unique and important role, the Shoreline

Management Act (SMA) is the dominant statute involved in regulating and protecting our
shorelines. The SMA has three broad policies: to encourage water-dependent uses, to protect

shoreline natural resources, and to promote public access. One way that the SMA enforces its

consistency requirement is through the permit system. All shoreline pennits are processed by
the local government pursuant to local regulations. There are three types of permits-

substantial development permits, conditional use permits, and variances.
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Although the SMA, the State Guidelines, and local SMPs do not explicitly mention or plan for

SLR, there are protections inherent in the current statutory and regulatory framework to provide

necessary responsiveness to some of the issues raised by SLR. Periodic updates wil ensure
the flexibilty necessary to effectively respond to SLR.

2. Coastal Zone Management Act

The state of Washington, through the Department of Ecology, participates in the federal Coastal

Zone Management Program, which encourages states to meet the federal goals of protection,

restoration, and appropriate development of coastal zone resources. The 1990 updates to the

CZMA expressly articulated the a "growing need to plan for sea level rise" (Pub. L. 101-508
section 62021 (a)(7)). The amendments may provide Washington with the opportunity for
federal funding to help support the development and implementation of SMA updates in
response to SLR.

Any response the Legislature may take in regards to SLR wil likely implicate one of the
following four legal principles: the public trust doctrine, the law of accretion and erosion, the
taking of propert without compensation, or the violation of landowners substantive due process
rights.~ iii. Potential for Adaptation

Ecology may need to update the Guidelines to include guidance on SLR. The Guidelines could,

among other things, require that local jurisdictions steer development away from particularly
vulnerable areas. The Guidelines should also anticipate that there wil be increased pressure to

allow shoreline armoring or other measures designed to increase the elevation level of the
shoreline in highly developed areas. Based on the science, Ecology should develop regulations

that adequately protect the shoreline from rising waters w~thout unduly compromising shoreline

ecological function.

Along with other environmental designations, local SMPs should designate erosion hazards and

threats to shoreline functions due to SLR. The Guidelines could require that local jurisdictions

add a designation for areas vulnerable to SLR into their environmental designation system.
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d. Energy

i. Summary of Sector Research Questions

The overarching research question being addressed by the coastal sector is How wil the
state's hydropower generating resources and energy demand be affected by climate change?

Subsidiary research questions include:

a) What are the direct impacts of temperature change on heating and cooling
degree days?

b) What are the impacts of heat island effects and projections of changing
population on energy demand in urban/suburban population centers?

c) How wil changes in annual streamflow volume and timing affect Columbia
River hydropower production?
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ii. Scientific Progress and Key Findings

Population Estimates

Global scale gridded population data sets have been reg ridded and aggregated to 1/16th

degree resolution over the PNW as shown in Figure 4 below. These values wil be used to
create heating and cooling indices based on population and heating cooling degree days for
different climate scenarios.

--~~~.~~~~+:~

~"*

Figure 4. 2000 Pacific Nonhwest population estimates at 111t! degree (units: population density
in persons per square km).

Note that population is very localized, and the climate in western WA plays an unusually large
role in determining state-wide energy usage related to heating and cooling degree days. The

same is true for the PNW as a whole, with the greater Seattle and Portland metro areas and
surrounding areas on the 1-5 corridor accounting for much of the regional population (and

energy usage). Changes in cooling degree days may be much more localized in eastern WA,
however, where warm summer temperatures are common.

ColSim HYdropower Estimates for the Columbia River HYdro System
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Six streamflow scenarios, each representing the consensus from 20 GCMsfor each time period

and emissions scenario (using the delta method approach, as described in Section 2c) have
been prepared and run through the ColSim reservoir modeL. Preliminary results are shown
below in Figures 5 and 6 for the A 1 B scenarios. The model results show systematic increases

in winter energy production and reductions in summer energy production as warming
progresses.
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Figure 5. Simulated long-term average natural streamflow for the Columbia River at the Dalles, OR
for histonc conditions and three future time periods for the A 1 b emissions scenano (units cfs)
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Figure 6. Long-term average of simulated system-wide energy production from the Columbia

River Hydro System for the historic condition and three future time periods for the A 1 b
emissions scenario. (Units Million MW-hr).
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e. Forests

i. Summary of Sector Research Questions

The overarching research question being addressed by the CIG HB1303 forest sector is: What

will be the effects of climate change on the growth and productivity of forests and their
susceptibility to fire and insect disturbance?

Subsidiary science questions are:

a) How wil climate change affect fire regimes?

b) How wil climate change affect insect outbreaks in Washington's forests?

c) How wil climate change affect tree species distributions?

d) How wil climate change affect forest productivity?

ii. Scientific Progress and Key Findings

~
Since September 3D, we have developed statistical models that relate area burned to climate by

ecosection for the Pacific Northwest (PNW, e.g., Western Cascades, Eastern Cascades,
Okanogan Highlands, Palouse Prairie, Blue Mountains). The strongest models occur in drier
forest types, while west of the Cascades, the relationship between fire and climate is weaker.

Models that include potential evapotranspiration frequently perform much better than expected.

Projections of future fire in the wetter ecosections therefore have greater uncertainty, and other

methods wil be required to fully understand the future role of fire in these ecosystems.

We have also investigated the role of climate change in major tree species distributions, which

can be assessed using projections from recently published analyses of climate and species
responses for North America (Rehfeldt et al. 2006). Specifically, we are most concerned with

the potential for mortality in lower elevation species (e.g., Douglas-fir, ponderosa pine, grand fir)

and the potential for stress in species susceptible to the mountain pine beetle (e.g., lodgepole

pine, ponderosa pine, whitebark pine, and westefn white pine). By the end of the thirty year
span centered on the 2040s, statistical modeling suggests that climate is likely to be suffciently

different from the late 20th century to severely constraint lower elevation species distribution

(Figure 7). Climate is likely to be a signifcant stressor in pine forests in the Columbia Basin and
eastern Cascades as early as the 2030s (Figure 8), and we wil assess this pattern for its
overlap with future mountain pine beetle activity in future work.
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Figure 7. Climatic potential for change in lower elevation species richness for three common
lower elevation PNW species (Douglas-fir, ponderosa pine, grand fir) by the 2060s.

Figure 8. Climatic potential for change in PNW mountain pine beetle host species nchness for
pine forests (ponderosa, lodgepole, whitebark, and western white pine) by the 2030s.
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Combined with our previous findings, key findings to date may be summarized as:

a) Regional fire area burned may increase two- or three-fold. Fire regimes in

different ecosystems in the PNW have different sensitivities to climate Year-

to-year variation wil continue, and also be a challenge for planning.

b) Due to climatic stress on host trees, mountain pine beetle outbreaks wil
become more intense and mountain pine beetles wil reach higher elevations.

c) Species composition wil be affected by climate, and the consequences for

lower elevation forests and for species susceptible to mountain pine beetle

can be mapped to suggest areas of most concern. Forest species

composition wil likely change chiefly in the wake of large disturbances.

d) Spatial patterns of productivity wil change -- state-wide productivity may

initially increase but wil then decrease. Douglas-fir productivity appears to

vary with climate across the region and wil potentially increase in the

warmest, wettest areas and decrease in more arid regions.

~
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f. Human Health

i. Summary of Sector Research Questions

The overarching research question being addressed by the human health sector is: What are

the most problematic diseases and mechanisms through which climate change is most likely to

afect the health of the people of the state, and what interventions can best be afected to mitigate

or adapt to the predicted changes?

Five mechanisms through which climate change is likely to affect health have been identified:

. thermal stress/heat waves

. degradation of air quality

· infectious diseases, especially vector-borne and zoonotic diseases (VBZ)

. extreme weather events affecting public safety

· psychological stress, social disruption and economic disparities

ii. Scientific progress and Key Findings

Heat-related Mortalitv in the Greater Seattle Area. 1980-2006

Introduction. The analysis presented here summarizes the historical relationship between
mortality rates and heat events in King, Pierce and Snohomish counties (greater Seattle area)

from 1980 through 2006, and predicts excess deaths due to heat stress in 2025, 2045 and 2085

for selected causes and age groups. The analysis considers all non-traumatic mortality, and
mortality attributed to failure of the circulatory and respiratory systems, for adults aged 45-:64,

65-84 and 85 and above; heat stress is known to contribute to death due to circulatory and
respiratory causes.

Data. Historical data used for deriving cause- and age-specific mortality relative risks are
described in the September report. 'Projected county population estimates by age group
through 2030 were obtained from Washington's Offce of Financial Management; we used linear

extrapolation to project county populations for 2045 and 2085. Three regional climate change
scenarios were selected for high, moderate and low summer warming. Expected monthly
temperature deviations for each scenario were added to the daily temperature distributions from

1970 to 1999; daily humidex was then calculated for each of the new temperature distributions.

Historical humidex thresholds at the 99th percentile were applied to the future distributions and

the number and duration of expected future heat events were calculated for each regime.

Analytic Method. Crude daily mortality rates per 100,000 for age and cause groupings were
calculated for heat event days and non-heat event days from May to September in 1980 through
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2006. Mean daily mortality rates by duration of heat event were calculated for day 1 through

day 5+ of heat events; relative rates by heat event duration are the ratio of the duration-specific

mortality rates to the baseline mortality rate. Projections of heat-related mortality were

performed by applying the baseline mortality rate and duration-specifc relative rates derived
from the histoncal analysis to the expected future population structure and expected number
and duration of heat events in each of three heat scenanos for 2025, 2045 and 2085. Annual
excess deaths, which are the number of expected deaths above the baseline number of deaths,

were estimated for each heat scenario in each time period.

Findings. Histoncally-derived relative risks by duration of heat event are shown in Figure 9. A

relative risk above 1 indicates an elevated risk of death compared with non-heat event days; a

relative risk under 1 indicates a lowered risk of death. For most age- and cause-specific groups,

the relative risk (RR) crests on day 3 of a heat event, and then slopes downward to near 1 by
day 5. Non-traumatic RRs for all age groups peak between 1.3 and 1.7 on day three. The

highest RR peaks occur on day 3 for respiratory deaths among those aged 45-64 (4.0) and 65-

84 (2.8).

Point-estimates for projected annual excess deaths are presented in Table 3. For all causes

examined, the greatest number of excess deaths is expected to occur among adults between
the ages of 65 and 84; for example, under the middle warming scenano, 302 additional non-
traumatic deaths can be expected in 2025, 670 additional in 2045, and nearly 2,000 additional in

2085 in this age group. Among the age groups examined here, the group expected to be least
affected by excess mortality due to heat stress are those aged 45-64; in particular, their
susceptibilty to death by circulatory or respiratory failure is considerably lower than that of older

adults, even when the relative sizes of their populations is considered.
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Figure 9. Mortality Relative Risks by Cause and Age Group in Greater Seattle Area, 1980-2006
(99th percentile heat event).

Table 3~ Projected Annual Excess Deaths by Cause and Age Groups in Greater Seattle Area for
Low, Middle and High Warming Scenanos (99th percentile heat events).

Non-traumatic deaths
Ages 45-64 48 63 86 65 99 186 113 203 281
Ages 65-84 218 417 876 302 670 1,961 541 1,447 3,970
Ages 85 and over 38 69 127 55 116 310 106 277 865

Circulatory deaths
Ages 45-64 13 17 23 18 26 49 29 51 46
Ages 65-84 95 181 378 131 285 820 228 593 '1,364
Ages 85 and over 27 48 88 38 80 211 72 187 572

Respiratory deaths
Ages 45-64 5 7 9 7 11 20 12 23 40
Ages 65-84 32 62 130 45 102 303 82 230 742
Ages 85 and over 2 5 9 4 11 33 11 35 190

Low Middle High
2025 2045 2085 2025 2045 2085 2025 2045 2085
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g. Hydrology and Water Resources

i. Summary of Sector Research Questions

The overarching research question to be addressed by this sector is: How wil the hydrology of

the major rivers of the state respond to climate change over the next century, and how effectively

wil the state's physical water management infastructure be able to respond to these changes?

Subsidiary research questions include:

a) What are the impacts of climate change on flood frequency of Washington
rivers?

b) What are the impacts of climate change on drought frequency?

c) What are the impacts of climate change on water management risk in select
nver basins?

ii. Scientific Progress and Key Findings

Hydrologic simulations are being performed using a delta method approach to evaluate the
impacts of climate change on statewide hydrology in the 2020s, 2040s and 2080s. For the-
three time periods, we evaluate results across Washington State for the weighted average
change across 20 GCMs for two greenhouse gas emissions scenanos, resulting in six
hydrologic simulations over the whole state. Additionally for the 2020s, we evaluate 40 climate

scenanos over the Yakima River basin and three Puget Sound watersheds that cover a wide

range of precipitation and temperature projections, which allow us to see the full range of

projected impacts according to these climate change scenanos. The 40 climate change
scenanos result from 20 GCMs and 2 emissions scenarios (A 1 Band B 1 ). These scenanos

were run through two hydrology models - the Variable Infiltration Capacity (VIC) Model and the

Distnbuted Hydrology and Soil Vegetation Model (DHSVM). The delta method approach, as
descnbed in the Scenarios Section 2c, applies monthly projected changes in temperature and
precipitation to the histoncal record so that we can evaluate the climate change signal in the
context of historical vanabilty. Streamflow values from these simulations are then used as input
into four unique water supply system models: three of which serve municipal water supply
needs in the Puget Sound Basin (Seattle, Tacoma, Everett) and one of which serves irrigation

needs in the Yakima River Basin.

Yakima River Basin Simulations

The VIC model uses daily temperature and temperature range and precipitation to derive other

atmosphenc inputs to the model, including downward shortave and longwave radiation,
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relative humidity, and vapor pressure deficit. The model also performs a water balance at each

16th degree gnd cell for each model time step. Simulated hydrologic variables include: snow
water equivalent (SWE), soil moisture, potential and actual evapotranspiration, and runoff.
Simulations using the VIC model have been completed for all of the above described scenanos.

Here we present projections of streamflow for the Yakima River at Parker for the 2020s. We

compare results from 40 ensembles with VIC simulation for the historical period 1916-2006.

Figure 10 shows average monthly streamflow hydrographs at Parker for the 2020 A 18 and 81

scenarios. The figure for the A 18 and 81 emissions scenarios includes 20 ensembles, Le.
results from the full suite of 20 GCMs, to show the range of projected changes in streamflow, in

addition to the ensemble median and average. These hydrographs are plotted along with the
average historical hydrograph for the penod 1916-2006. The figure shows that even as soon as

the 2020s, the most recent suite of climate change scenarios suggest that streamflow timing in

the Yakima may shift toward increased streamflow in the winter (December, January, February)

and decreased streamflow in the summer (July, August, September). A companson of the
ensemble average projected monthly streamflow with the average historical hydrograph shows

an increase of winter flow by 37% for both the A 18 and 81 scenanos. A similar comparison of

average summer flows shows a decrease by approximately 34% for the A18 scenano and 31%
for the 81 scenano. Table 4 summarizes these changes, including the range as calculated by

the ensemble projections. Expected changes in annual flow in the 2020s are mixed, with a
slight increase on average for the A 18 scenano and slight decrease on average for the 81
scenario. In snowmelt dominated watersheds on the east side of the Cascade Mountains,

winter precipitation is the pnmary driver of annual streamflow. Projections of close to zero
change in annual flow for the 2020s are in agreement with small positive projected changes in

winter precipitation for the 2020s (refer to Figure 1).

Table 4. Summanze of Predicted Changes in Streamflow for the 20205, Yakima River at Parker

A18 81

Mean. Max Min Mean Max Min

Change Change Change Change Change Change
Winter

+37% +102% .;4% +37% +86% -7%
(D,J,F)
Summer

-34% -52% -19% -31% -51% -1%
(J,J,A)
Annual -1% 29% -25% +1% 32% '-26%
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Figure 10. Predicted and historic average monthly streamflow in the Yakima River at Parker USGS
gage location for the 2020s. Figures show range of predicted streamflow based on 20 GeMs for
each of A18 and 81 scenarios as well as the ensemble mean and median.
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Yakima River Basin Water Manaaement

Simulated inflows from the 2020s, 2040s, and 2080s delta method runs have been used to drive

the reservoir system models in the Yakima River Basin and the three water system models in

the Puget Sound (Everett, Seattle, Tacoma). In the Yakima River Basin, we have focused on
when and how much water entitlements are prorated for both junior and senior water rights
users. In the Puget Sound, we have directed our attention to understanding changes in
municipal water supply, environmental flows and flood control, with each reservoir system
uniquely constructed to serve the particular needs of its region. The weekly average storage in

the Green River System's Howard Hanson Reservoir (Figure 11) provides an example of our

assessment. When the system was simulated for 90 years of climatic variabîlty representative

of each time period, results indicate with climate change that on average there wil be more
storage in the winter, and less storage in the summer and falL. These differences become
greater in the 2040s and 2080s. The Green is already primarily a rain-dominated system;
therefore changes are not as dramatic. as in more snow-dominated systems.
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Figure 11. Simulated historic flows vs. future GeM average storage in the Green River system. The
gray area is the range of 20 individual climate change scenarios in the 2020s for both scenarios
A18 and 81. Week one begins on October 1st.
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DHSVM simulations. focusinQ on the PUQet Sound

The delta method has also been applied to hydrologic simulations for the Puget Sound basin

using the Distributed Hydrology Soil and Vegetation Model (DHSVM). Monthly changes in
temperature and precipitation were used to perturb the 1116th degree historical 1915-2006 input

dataset which includes precipitation, minimum and maximum temperature, and windspeed. The

1/16th degree forcing monthly values were rescaled based on the 800-m PRISM product for
1971-2000 period (Daly, 2008). The rescaled 1/16th degree cells were then used as pseudo-

stations to drive DHSVM. Similar to simulations over the Yakima watershed, the delta method
was applied for individual model scenarios (including 20 scenarios for the A 1 Band 19 scenarios

for the B 1) to produce an ensemble of streamflow predictions for the 2020s. For the 2020s,
2040s and 2080s, composite deltas (or weighted average changes across all GeMs) were used

to perturb the historical forcings and drive the modeL. Future streamflow projections are

compared with a baseline historical simulation, forced with 1915-2006 observed meteorological

forcings, and referred as the historical run hereafter.

Figure 12 shows the projected change in streamflow hydrographs for the consensus projections

for the 2020s, 2040s, and 2080s, compared with historical simulations. As the climate change

perturbations evolve from 2020s, 2040s and to the 2080s, the decrease in the second peak
becomes larger, and the spring peak disappears, thus moving away from a seasonal streamflow

cycle with two peaks (one in winter and one in late spring) to a single peak. Projections using
the A 1 B scenario show a larger increase in the winter peak than those using the B 1 scenario.

In the Tolt and Sultan basins, summer flow decreases slightly. Even though climate projections

generally lean toward precipitation increases in the winter and decreases in the summer ( see

section 2a), the main reason for the streamflow pattern change is related to the overall annual

temperature increase. Watersheds of the Green, Tolt and Sultan are transient snow-rain
dominated basins and are quite sensitive to temperature changes. As temperature rises,
precipitation as snowfall decreases while precipitation as rain increases. This seasonal
redistribution in streamflow affects the management of water resources in the Puget Sound
region.
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Figure 12. Average weekly streamflow hydrographs for three Puget sound watersheds; including
the historical simulation and weighted average predictions for the 2020s, 2040s, and 2080s.
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h. Infrastructure

i. Summary of Sector Research Questions

The overarching research questions being addressed by the infrastructure sector is: What are

the most vulnerable elements of the state's civil infastructure to climate change, and what

adaptations can best reduce these impacts?

The scope of the CIG HB1303 Infrastructure research is therefore focused on stormwater. The

foci are:

a) What is the influence of climate change on the precipitation reg,ime in
Washington State?

b) What is the effect of these precipitation changes on critical stormwater

facilties and flood-prone areas, particularly the conveyance capacity of
existing infrastructure and the frequency of flood inundation?

c) What are the critical vulnerabilties of existing urban infrastructure to
increased stormflow and failures of stormwater facilties?

d) What are the economic impacts of increased precipitation on stormwater-
related damages? ~

ii. Scientific Progress and Key Findings

Introduction & Methods. Precipitation data, generated from Regional Climate Model (RCM)
output is being examined to determine whether precipitation changes in observations in the last

30 years correspond with future projections of the climate system. Also, an examination into
future precipitation behavior is in progress, using modeled data for the period 2020-2050.

Bias Correction

Figure 13 presents the bias-corrected data for the downscaled, hourly precipitation for gridpoints

47.340 latitude, -122.259 longitude and 47.525 latitude, -122.287 longitude, just to the north of
SeaTac Airport. Both sets of data were bias-corrected to the observed data from Seatac
Airport, and both reflect the A2 climate scenario. Since this analysis examines the first part of
the 21st century, it is assumed that there is essentially no difference between the A2 and A1B

climate scenarios.

In Figure 13, generalized Extreme Value distributions were fit to the annual maxima of the
observed, simulated raw, and simulated corrected data. In Table 5, the 2-year design storms

are plotted as determined by the GEV fi for each of the data sets. As shown in the blue

highlight, bias correction reduced the difference between simulated and observed design storms
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from 16% to 7% at gridpoint 47.525, -122.287, and from 20% to 11% at gridpoint 47.340, -
122.259. As shown in the green highlight, bias correction maintained the 13% increase in
design storm between the two time periods for gridpoint 47.340, -122.259, although somehow it

doubled the 13% increase in design storm for gridpoint 47.525, -122.287.

Stormwater Modelina usina HSPF

Bias-corrected, modeled precipitation data for the Seattle area are being used as input to the

HSPF hydrologic model to evaluate the behavior of stormwater infrastructure systems in the
Thornton Creek and Juanita Creek watersheds, located in northeast Seattle and the Kirkland
area, respectively. Between them, they cover a wide range of urban and suburban land uses,
providing a first oPi?0rtunity to evaluate how various elements of the stormwater infrastructure

might perform under a changed precipitation regime. Our analysis of these hydrologic modeling

results wil emphasize whether forecast changes in precipitation cause any failures of the
system, or present any critical areas of concern for stormwater management.

~
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Figure 13. Family of Generalized Extreme Value (GEV) distributions for the simulated, bias-
corrected data for the grid node north of Seatac airport (47.525, -122.287). Top panel presents the
data for the period 1970-2000, and bottom panel presents the data for 2020-2050. These two
families of GEV distributions represent the nine different storm durations, for return penods from
1 to 50 years.
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Table 5. 2-year Design Storms as Determined from Generalized Extreme Value Distributions Fitted
to the Specified Data (units in mm)

SeaTac 47.525, -122.287 47.340, -122259

1970-20 1970-20 20200 1970-20 20
cbs raw corr raw co ra coed raw co

1 hou 8.8 7.1 8.2 8.3 11.1 7.3 8.1 8.5 9.4

2 hou 13.2 12.8 14.2 14.8 18.9 13.4 14.6 16.4 16.0

3 hour 17.1 17.3 18.8 20.3 24.7 18.2 19.8 21.2 21-
6 hou 26.6 28.0 28.8 32.6 35.7 30.0 29.5 34.5 33,6

12.hOlr 38.2 43.1 42.1 49.0 W.7 46.4 43.7 51.1 46.8

24 hou 52.9 60.5 54.3 68.3 69.2 66.6 59.1 73.0 66.5

2 day 70.2 84.6 71.4 91.9 87.7 89.2 75.7 98.6 86,5
5 day 97.0 127.3 102.2 134,6 118.1 132.4 106. 145.7 120.6

10 day 134.0 178.7 141.4 195.8 171.8 179.6 143.8 20.2 176.5

47.525, -122.287 47.34, -122.25

% dloe Wi obs % lnase ew 1971) % difer with ob % Incr ov 1970-

raw coec ra co ra coed ra coed
1 hou 19% 7% 17% 36 17% 8% 17% 15%

2 hou 3% 7% 15% 34% 2% 10% 15% 11%

3 hou 1% 10% 17% 31% 7% 16% 16% 7%

6 hou . 5% 9% 16% 24% 13% 11% 15% 14%

12 hou 13% 10% 14% 20 21% 14% 10% 7%

24 ho 14% 3% 13% 27% 26 12% ' 1~~ 11%

2 day 21% 2".4 9% 23% 27% 8% 10% 14%

5 day 31% 6% 6% 16% 36 10% 10% 13%

10 cl 33 6% 10% 21% 34% 7% 15% 23%

avege
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i. Salmon and Ecosystems

i. Summary of Sector Research Questions

The overarching question to be address by this sector is: How wil climate change alter the

potential productivity of the state's streams for salmonids, and where and under what conditions

is salmonid habitat most vulnerable to direct (rising water temperatures and altered flow) and

indirect (habitat) effects of climate change?

Subsidiary questions include:

a) What wil be the role of climate variabilty and change in coming decades on
summertime stream temperatures?

b) What wil be the effects on summer low flows and flood peaks of climate
change?

c) How wil these hydrologic changes affect the freshwater productive capacity
for salmon?

ii. Scientific Progress and Key Findings

This study reports on a sensitivity analysis of climate change impacts on the freshwater habitat

of Pacifc Salmon (Oncorhynchus spp.) in Washington State watersheds. Climate is known to
playa crucial role in salmon ecology at every stage of their Iifecycle (Quinn 2007, Beechie et al

2006). The impacts considered here follow two primary pathways. The first, the focus of this

study, is direct climatic influence on hydrologic processes that influence the volume and timing

of stream flow and stream temperature. The second, considered in the discussion section of this
article, is via the indirect climatic influences on the human use of water resources that in turn
impact the same hydrologic parameters influencing stream flow and temperature.

=

Limiting factors for freshwater salmon productivity depend on species, their life history, and
watershed characteristics, however increasing summertime stream temperatures are likely to be

a key pressure point for many salmon populations in Washington State. Following a
methodology used in previous assessments of climate change impacts on stream habitat, here

we evaluate the sensitivity of annual weekly maximum water temperatures, which acts as a
limiting factor for the distribution and migration of salmonids, and is related to water quality,
physiological stress and susceptibilty to parasites and pathogens (e.g. Mohseni et al. 1998;
O'Neal 2002; Richter and Kolmes 2005).

Characteristics of seasonal and daily stream flow variations also serve as a limiting factor for

salmon (Beechie et al. 2006). Through an analysis of daily streamflows simulated by a
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hydrologic model under past and future climate scenarios, we quantify projected changes in the

statistics of extreme seasonal low flows, which can serve as a limiting factor for freshwater
spawning and rearing habitat, and extreme high stream flow which can act as a limiting factor
for egg-to-smolt survival rates (due to limits on any or all of egg-to-fry, fry-to-parr, and parr-to-
smolt survival ratès).

Hydrologic and stream temperature sensitivity to changes in climate vary within and between

watersheds due to natural and anthropogenic factors that include: watershed geomorphology,

vegetative cover, the relative importance of ground-water hydrology in the stream reach of
interest, water resources infrastructure (dams and diversions), the amount and timing of stream

flow diverted to out of stream uses, and the degree to which key hydrologic processes have
been impaired by changes in watersheds. The management/decision context for these changes

is complicated by the patchwork of ownerships with different mandates (federal. state, county,
municipal, irrrgation districts, and private land owners), which nonetheless are all are subject to

a common set of regulations protecting water quality. The EPA and Washington State
Department of Ecology are the primary regulatory agencies charged with . protecting water
quality, while the Washington Department of Fish and Wildlife has hydraulic pennitting authority

to protect freshwater habitat for fish and wildlife.

~ The overarching question to be addressed in this study is: How wil climate change alter the

potential productivity of Washington State's streams for salmonids, and where and under what
conditions is salmonid habitat most vulnerable to direct hydroclimate (rising water temperatures

and altered flow) effects of climate change?

Because a comprehensive investigation of this over-arching question is potentially enonnous,

we limit our study to focus on the following subsidiary questions:

a) What wil be the role of climate variabilty and change in coming decades on
summertime stream temperatures?

b) What wil be the effects on summer low flows and flood peaks of climate change?

c) How wil these hydrologic changes affect the freshwater productive capacity for
salmon?

We use three approaches to address these research questions. We employ the statistical
modeling approach of Mohseni et al. (1998) to relate surface air temperatures to stream
temperatures (Figure 14). Hydrologic modeling, described in Section 3g, provides scenarios for

changes in the statistics of summer low flows and flood peaks. The likely impacts of climate
change on freshwater productive capacity for salmon in Washington's watersheds are guided by
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combining salmon. sensitivities described in the scientific literature with our scenarios for
changes in the statistics of stream temperature and stream flows.

Increase in Average Number of Weeks Per Year
Stream Temperatures Exceed 21 C

81 scenario projected increase
in average number of weeks

from 1970-1999 to 2010-2039

A 18 scenario projected increase

in average number of weeks
from 1970-1999 to 2010-2039

B1 scenario projected increase
in average number of weeks

from 1970-1999 to 2030-2059

o 45 90 180 270 360- - Kiome
A 1 B scenario projected increase

in average number of wees
from 1970-1999 to 2030-2059

~

Increase in Aveage N umber of Weeks
duñng 30-year inters. G . . . .

,"' li ~ bo ~..~
., ",' ci ~' bo' i

Figure 14. Projected number increase in the annual average number of weeks per year that stream
temperatures exceed 21 C for (top panels) 81 emissions and (bottom panels) A 1 B emissions for
the 2020s (left column) and 2040s (nght column)
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4. Summary

a. Anticipated directions for Final Report

We expect to have a draft final report completed by December 19, 2008, which wil be posted

and otherwise circulated as CTED prescnbes for public comment, and for technical review by
reviewers contracted by CIG. The final report wil be structured to include an executive
summary, an introductory chapter, one chapter or more for each of the nine sectors, and a
chapter including conclusions and findings. Each chapter wil be wntten in suitable form for
review as a stand-alone peer reviewed journal publication. Following our consideration of
review comments, the final report wil be completed by February 1, 2008.

We expect that the draft final report wil the analyses to be included in the final report for the
scenanos working group, as well as the eight sectors (Hydrology, Agnculture, Irrgated
Agnculture, Salmon; Forests, Coasts, Infrastructure, Energy, and Human Health) as specified in

the Scope Of Work. The final report wil also discuss approaches for adaptation and address
legal barriers to adaptation, in coordination with PAWG recommendations presented in the final

PAWG report in February 2008 and implementation of recommendations made dunng 2008.~
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