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Headline statements
Warming of the climate system is unequivocal, and since the 
1950s, many of the observed changes are unprecedented ... 
The atmosphere and ocean have warmed, the amounts of snow 
and ice have diminished, sea level has risen...
Human influence on the climate system is clear. 
It is extremely likely that human influence has been the 
dominant cause of the observed warming since the mid-20th 
century.
Global surface temperature change for the end of the 21st 
century is likely to exceed 1.5°C relative to 1850 to 1900 for all 
RCP scenarios except RCP2.6.
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Summary for Policymakers

10

• Annual CO2 emissions from fossil fuel combustion and cement  production were 8.3 [7.6 to 9.0] GtC12 yr–1 averaged over 
2002–2011 (high confidence) and were 9.5 [8.7 to 10.3] GtC yr–1 in 2011, 54% above the 1990 level. Annual net CO2 
emissions from  anthropogenic land use change were 0.9 [0.1 to 1.7] GtC yr–1 on average during 2002 to 2011 (medium 
confidence). {6.3}

• From 1750 to 2011, CO2 emissions from fossil fuel combustion and cement production have released 375 [345 to 405] 
GtC to the atmosphere, while deforestation and other land use change are estimated to have released 180 [100 to 260] 
GtC. This results in cumulative anthropogenic emissions of 555 [470 to 640] GtC. {6.3}

• Of these cumulative anthropogenic CO2 emissions, 240 [230 to 250] GtC have accumulated in the atmosphere, 155 [125 
to 185] GtC have been taken up by the ocean and 160 [70 to 250] GtC have accumulated in natural terrestrial ecosystems 
(i.e., the cumulative residual land sink). {Figure TS.4, 3.8, 6.3}

• Ocean acidification is quantified by decreases in pH13. The pH of ocean surface water has decreased by 0.1 since the 
beginning of the industrial era (high confidence), corresponding to a 26% increase in hydrogen ion concentration (see 
Figure SPM.4). {3.8, Box 3.2}

Figure SPM.4 |  Multiple observed indicators of a changing global carbon cycle: (a) atmospheric concentrations of carbon dioxide (CO2) from Mauna Loa 
(19°32’N, 155°34’W – red) and South Pole (89°59’S, 24°48’W – black) since 1958; (b) partial pressure of dissolved CO2 at the ocean surface (blue curves) 
and in situ pH (green curves), a measure of the acidity of ocean water. Measurements are from three stations from the Atlantic (29°10’N, 15°30’W – dark 
blue/dark green; 31°40’N, 64°10’W – blue/green) and the Pacific Oceans (22°45’N, 158°00’W − light blue/light green). Full details of the datasets shown 
here are provided in the underlying report and the Technical Summary Supplementary Material. {Figures 2.1 and 3.18; Figure TS.5}
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Surface ocean CO2 and pH 

Atmospheric CO2 

12 1 Gigatonne of carbon = 1 GtC = 1015 grams of carbon. This corresponds to 3.667 GtCO2.
13 pH is a measure of acidity using a logarithmic scale: a pH decrease of 1 unit corresponds to a 10-fold increase in hydrogen ion concentration, or acidity. 

SPM

atmospheric concentrations of carbon dioxide (CO2) from Mauna Loa 
(19°32’N, 155°34’W – red) and South Pole (89°59’S, 24°48’W – black) 
since 1958;
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Figure 12.3: (a) Time evolution of the total anthropogenic (positive) and anthropogenic aerosol (negative) radiative 
forcing relative to preindustrial (~1765) between 2000 and 2300 for RCP scenarios and their extensions (continuous 
lines), and SRES scenarios (dashed lines) as computed by the integrated assessment models (IAMs) used to develop 
those scenarios. The four RCP scenarios used in CMIP5 are: RCP2.6 (dark blue), RCP4.5 (light blue), RCP6.0 (orange) 
and RCP8.5 (red). The three SRES scenarios used in CMIP3 are: B1 (blue, dashed), A1B (green, dashed) and A2 (red, 
dashed). Positive values correspond to the total anthropogenic radiative forcing. Negative values correspond to the 
forcing from all anthropogenic aerosol-radiation interactions (i.e., direct effects only). The total radiative forcing of the 
SRES and RCP families of scenarios differs in 2000 because the number of forcings represented and our knowledge 
about them have changed since the TAR. The total radiative forcing of the RCP family is computed taking into account 
the efficacy of the various forcings (Meinshausen et al., 2011a). (b) Contribution of the individual anthropogenic 
forcings to the total radiative forcing in year 2100 for the four RCP scenarios and at present day (year 2010). The 
individual forcings are gathered into seven groups: CO2, CH4, N2O, ozone (O3), other GHGs, aerosol (all effects unlike 
in (a), i.e., aerosols-radiation and aerosol-cloud interactions, aerosol deposition on snow) and land use (LU). (c) As in b, 
but the individual forcings are relative to the total radiative forcing (i.e., RFx/RFtot, in %, with RFx individual radiative 
forcings and RFtot total radiative forcing). Note that the radiative forcings in (b) and (c) are not efficacy adjusted, unlike 
in (a). The values shown in (a) are summarised in Table AII.6.8. The values shown in (b) and (c) have been directly 
extracted from data files (hosted at http://tntcat.iiasa.ac.at:8787/RcpDb/) compiled by the four modelling teams that 
developed the RCP scenarios and are summarised in Tables AII.6.1 to AII.6.3 for CO2, CH4 and N2O respectively. 
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Previous NW reports

•1999, as part of 1st National Assessment

• 2009 Washington Climate Change Impacts 
Assessment

• 2010 Oregon Climate Assessment Report



OCCRI - HB3543

(3) The Oregon Climate Change Research Institute shall 
assess, at least once each biennium, the state of climate 
change science, including biological, physical and social 
science, as it relates to Oregon and the likely effects of 
climate change on the state. The institute shall submit the 
assessment to the Legislative Assembly in the manner 
provided in ORS 192.245 and to the Governor. 
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Climate Change in the Northwest
Implications for Our Landscapes, Waters, and Communities

30 authors, 2+ 
countries, 601 

review 
comments

the plus indicates tribes. 



Authors
•Meghan Dalton (OSU), Philip Mote (OSU), 

Amy Snover (UW) (eds)

• John Abatzoglou (UI), Jeff Bethel (OSU), Susan Capalbo (OSU), 
Jennifer Cuhaciyan (IDWR), Sanford Eigenbrode (UI), Patty Glick 
(NWF), Oliver Grah (Nooksack Tribe), Preston Hardison (Tulalip 
Tribe), Jeff Hicke (UI), Jennie Hoffman (EcoAdapt), Laurie 
Houston (OSU), Jodi Johnson-Maynard (UI), Ed Knight 
(Swinomish Tribe), Chad Kruger (WSU), Ken Kunkel (NCDC), 
Jeremy Littell (USGS), Kathy Lynn (UO), Jan Newton (UW), Beau 
Olen (OSU), Steven Ranzoni (OSU), Rick Raymondi (IDWR), 
Spencer Reeder (Cascadia Consulting), Amanda Rogerson (UO), 
Peter Ruggiero (OSU), Sarah Shafer (USGS), Patricia Tillmann 
(National Wildlife Center), Carson Viles (UO), Paul Williams 
(Suquamish Tribe)

red: chapter lead
bold: CIRC affiliation
30 authors, of whom two also editors



One-sentence summary
“Key regionally consequential risks in the 
Northwest include impacts of warming on 
watersheds where snowmelt is important, 
coastal consequences of sea level rise combined 
with other stressors, and the cumulative effects 
of fire, insects, and disease on forest 
ecosystems.”
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PNW warming 2041-70 minus 1950-99  
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PNW precipitation 2041-70 minus 
1950-99  
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%

AnnualAnnual DJFDJF MAMMAM JJAJJA SONSON

4.5 8.5 4.5 8.5 4.5 8.5 4.5 8.5 4.5 8.5

max

75th

mean

25th

min

10.1 13.5 16.3 19.8 18.8 26.6 18 12.4 13.1 12.3

4.7 6.5 10.3 11.3 8.8 9.3 2 0.7 6.7 6.5

2.8 3.2 5.4 7.2 4.3 6.5 -5.6 -7.5 3.2 1.5

0.9 0 -1.2 3.5 -0.4 2.8 -12.3 -15.9 0.2 -4.3

-4.3 -4.7 -5.6 -10.6 -6.8 -10.6 -33.6 -27.8 -8.5 -11

Mote et al. NWCAR 2013



Changes in extreme 
precipitation 
(NARCCAP)

Mote et al. NWCAR 2013
after Dominguez et al 2012



Future climate
•Warming already underway; will be warmer in all 

seasons, how much is uncertain

•Beyond ~2040, amount of warming depends on 
GHG emissions now

•Precipitation changes likely to be indistinguishable 
from natural variability, except possibly drying 
summers and more extremes

•Summer likely to warm more than other seasons

•Quality weighting raises warming estimates
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Figure 8.  Projected average monthly streamflow for a rain dominant watershed (Chehalis 

River at Porter), transient rain-snow watershed (Yakima River at Parker), and snowmelt 

dominant watershed (Columbia River at The Dalles). Hydrographs represent monthly 

averages of simulated daily streamflow by the VIC model for the historic period (1916-

2006) and three future periods (2020s, 2040s, and 2080s) using the A1B SRES scenario.
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Total storage on 5 reservoirs is 1.07 MaF, or 18,000 cfs-months.  Almost makes up the difference 
between historical and 2080s.  



Decreasing summer flow in snowmelt watersheds
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Figure 3.4 Adapted from a study by  

Luce and Holden (2009), these maps  

depict the changes in 25th percentile  

annual flow (top), and mean annual flow 

(bottom) at streamflow gauges across the 

Northwest for 1948–2006. Circles  

represent statistically significant trends  

(at a=0.1), whereas squares represent 

locations where the trend was not 

statistically significant.

1948-2006; adapted from Luce and Holden, 2009
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Low flow changes
0 to -9%

-10% to -19%

-20% to -29%

-30% to -39%

less than -40%

0 3 6 9 12

Significant
NS

Number of  NW stream gauges with statistically significant 
(maroon) and not significant (blue) linear trends in 25th percentile 
annual flow, over the 1948-2006 period. None have increased.

this just replots the data on the previous slide
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Spring temp - summer flow
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Transition to more 
rain dominated 

watersheds

Hamlet et al. 2010, NWCAR

A1B 
emissions



Suitable habitat for fresh water salmonids in 
the PNW is projected to decline significantly 

(up to 92% for for bull trout).

Wikimedia commons (ODFW)

OCAR 2010



Salmonid habitat may not all be impacted 
equally (e.g. high vs. low elevation).

Wikimedia commons

OCAR 2010

Wikimedia commons



Risks to forests

NWCAR 2013
areas recently burned (1984-2008) (Eidenshink et al. 2007; USGS 2012) or affected by insects or disease (1997-2008)



For 2.2°F global warming

NWCAR 2013
Sensitivity of area burned to a 2.2°F global warming, including both the expected temperature and precipitation changes (NRC 2011). The divisions are areas that share broad  climatic and vegetation 
characteristics (Bailey 1995).



Impacts on agriculture

! 12!

Milk%and%dairy,%%$3.1%%

Ca1le%and%calves,%%$2.9%%

Fruits,%%
nuts%and%berries,%%%

$2.6%%

Grains,%
oilseeds,%dry%
beans,%%$2.1%%

Vegetables,%%$1.9%%

Other%crops%%
and%hay,%%$1.9%%

Nursery,%%
$1.4%%

Other%products,%%$0.6%%
Poultry%and%eggs,%%$0.3%%

•  Direct%heat%stress%effects%on%
the%animals%

•  Changes%in%forage%quality%

•  Heat%and%drought%stress,%
changes%in%precipitaNon%regimes%

•  Effects%on%chilling%regimes,%pests%
and%diseases%

•  CO2%ferNlizaNon%benefits%
•  Reduced%availability%of%water%for%

irrigaNon%

•  Heat%and%drought%stress%
•  Changes%in%precipitaNon%

regimes%that%affect%farming%
operaNons%

•  CO2%ferNlizaNon%benefits%
•  Reduced%availability%of%water%

for%irrigaNon%

•  CO2%ferNlizaNon%benefits%
•  Reduced%availability%of%water%

for%irrigaNon%

 201!
 202!

6.4.1 Annual Crops 203!

6.4.1.1 Dryland Cereal Cropping Systems 204!

The semiarid portions of central Washington and the Columbia Plateau in Washington, 205!

Oregon, and Idaho support cereal-based cropping systems without irrigation. The region can be 206!

subdivided into agroclimatic zones (Douglas et al. 1992) ranging from a warm, dry zone (located 207!

in the dryland cereal and hay production areas, fig. 6.2) where winter wheat-fallow production 208!

predominates, to cooler, wet zones (located in the non-irrigated mixed crops areas, fig. 6.2) 209!

where continuous cropping incorporates cool season legumes in rotation with spring and winter 210!

cereals. Depending upon emission scenarios and projected dates, these dryland regions are 211!

vulnerable to projected reductions in summer precipitation and warming, which potentially 212!

reduce yields or exacerbate production challenges on marginal lands, as is currently the case in 213!

the western portions of the dryland cereal areas of central Washington. Projected increases in 214!

Northwest agricultural commodities with market values shown in $ (billion). Potential effects of climate change on these sectors, if any have 
been projected, are shown. Total value of commodities is $16.8 billion.



Conclusions
•We are moving rapidly to an unfamiliar 

environment: snow-dominant and mixed 
rain-snow watersheds moving toward rain-
dominant

•Additional water stresses: ag demand, 
forest damage, water temperature

•Coming soon: new quantitative projections 
of PNW streamflow


