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Recent Extreme Weather Events?
Historical climate amplified, loaded dice, or new normal?

Flooded blueberry field in 
southwest British 
Columbia in November 
2021. Photo: Sambhav S. 
(Driscoll’s).

The heat wave in June 2021 is one 
example of an event that is both 
outside the range of what we 
expect and where scientists have 
quantified the extent to which 
climate change contributed to the 
event. Image: European Space 
Agency under CC BY-SA 2.0.

24-hour record shattering 
snowfall event on the 
Cascade East Slopes 
(1/6/22) – 24-36”. Photo: 
Chad Kruger
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Hazards of the 
attribution game
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Regional Temperature Trends

https://climate.washington.edu/climate-data/trendanalysisapp/

1921-2021 1981-2021

https://climate.washington.edu/climate-data/trendanalysisapp/
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Regional Precipitation Trends

https://climate.washington.edu/climate-data/trendanalysisapp/

1921-2021 1981-2021

https://climate.washington.edu/climate-data/trendanalysisapp/
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Washington Snow-Water Equivalent Trends

https://climate.washington.edu/climate-data/trendanalysisapp/

1926-2021 1981-2021

https://climate.washington.edu/climate-data/trendanalysisapp/
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CMIP5 Climate Projections 
Mean Annual Temperature

7

Abatzaglou et.al., as presented in NW Climate Assessment, 2013

Abatzoglou 2013

Presenter Notes
Presentation Notes
Temp forecast data from John Abatzoglou. 2 RCP’s (worst case and mid-case), ensemble approach to model runs. Each line represents a single model, single RCP. The red and blue clouds are the ensemble of model runs by RCP. The bold line is the average of the model runs by RCP. Gray lines and cloud are model runs of historical climate – with bold line the actual. The message here is that models don’t exactly “predict” historical or future climate, but the ensemble of the model runs gives us a pretty good approximation of temperature based on RCP inputs.
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Abatzaglou et.al., as presented in NW Climate Assessment, 2013

Abatzoglou 2013

Presenter Notes
Presentation Notes
Same forecast data as slide 5, but plotted for mid-century on annual and seasonal basis. SRES-B1 and A2 are RCP’s from the CMIP3 (Old IPCC reports).
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Abatzaglou et.al., as presented in NW Climate Assessment, 2013

Abatzoglou 2013

Presenter Notes
Presentation Notes
Precip data for forecast – plotted the same way as slide 6. Important to point out that 0 is “relative to historical”. So summer precip that is 10-20% below historical still means 10-20% less than basically no precip in the summer.
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Abatzaglou et.al., as presented in NW Climate Assessment, 2013

CMIP5 Projected Freeze-free season length
MM RCP4.5 2031-2060 vs. 1971-2000

Presenter Notes
Presentation Notes
Bonus?  A longer growing season: pros and cons
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MM RCP 8.5 2041-2070 vs. 1971-2000

Parker and Abatzaglou 2016

Presenter Notes
Presentation Notes
Average annual absolute minimum tempreatures (TNn) provide a means of delineating agriculturally and horticulturally relevant climate zones and are used to define cold hardiness zones. This maps projected chages in minimum tempreratures over the continental US.  Warming of the absolute minimum is ~40% greater than the warming in mean winter minimum temps.
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• Longer growing seasons and frost-free periods
• Increased heat and snow drought stress
• Changing biotic stressors

1971 - 2000 2040 - 2069 under RCP 8.5

Kruger et.al. 2017, 
courtesy Abatzoglou

Presenter Notes
Presentation Notes
DIRECT (heat stress, CO2 fertilization) and INDIRECT (reduced water availability) impactsDecades of research indicate that climate change will present new challenges for producers in the Northwest US linked to changing growing seasons, increased heat and drought stress, and changing pest and disease pressures. At the same time, this region may become an increasingly important center for US food production as other agricultural area experience climate change impacts. There is a need to build on existing research efforts to better understand high-priority climate-related vulnerabilities, along with other future environmental and socioeconomic changes. Potential to become an increasingly important food-producing region for the USheat stress— may need to consider new crop varietals, new crops, change mgmt practices for animal agGrowing degree days are a measure of heat accumulation used to by crop models to project plant development rates and determine when crops will reach maturity. Under a scenario of greenhouse gas emissions continuing to increase throughout the 21st century, planting dates, crop maturity dates, feasibility of double cropping systems, and pest and disease pressures may be dramatically affected by warming.  Cumulative growing degree days (base 32°F) 1971–2000 (left) and 2040–2069 representative concentration pathway (RCP) 8.5 (right), projections obtained from the AgClimate atlas. (Figure courtesy of John Abatzoglou, in Ch 1 Climate Considerations of Advances in Dryland Farming)
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Potential Climate Impact on Inland PNW AEC’s

“Current”

2050

Huggins and Rupp, unpublished. AEC concept detailed in Kaur et.al. 2017

Presenter Notes
Presentation Notes
Another method for visualizing the potential impact of climate change on crop production is to project shifts in crop production zones in the region. This animated slide is one possible projection of the shift of agroecological zones in the wheat-producing region of the PNW by the year 2050. Unlike the prior slides where a process model was used to project changes in yield driven by climatic factors, these maps were generated based on an interpretation of dominant agroecological zones defined by historical climatic criteria – and then overlaying geo-referenced 2050’s climate projection data with the same criteria. It is possible to use a number of different decision-making criteria to define agroecological zones – and more criteria and scenarios will be generated during the course of the REACCH project. (GY: need to define/introduce the REACCH project)
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CO2 Fertilization of Wheat (C3) & Corn (C4)

Stöckle and Kemanian 2009 

Presenter Notes
Presentation Notes
In the PNW, most of our crop plants (like wheat) utilize a C3 photosynthetic pathway rather than a C4 pathway (like corn) and are therefore less “efficient” from an evolutionary standpoint. This means that they are more likely to benefit from the CO2 effect – because the additional CO2 will enable more photosynthetic activity with the same amount of moisture. This graph compares the relative change of radiation use efficiency (a proxy for yield) for wheat and corn in two locations for various CO2 concentrations. As CO2 increases, yields of both corn and wheat increase at both locations, but wheat gets the far greater yield benefit.
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Changes in growing season (2030s)

Rajagopalan et al., 2018

Presenter Notes
Presentation Notes
All irrigated crops.Differences in average growing season characteristics for 30 years of historical and future climate simulations are shown by crop for the CRB. Growing season start (crop emergence) dates, growing season end (harvest) dates, as well as actual growing season length (end date - start date) between the 2030s future climate simulations and historical climate simulation by crop for the CRB are shown. The y-axis indicates the differences between future simulations and historical simulations in calendar days. The box plots capture spatial differences (across all of the CRB grid cells occupied by a specific crop) as well as multiple future climate scenarios.
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Percent Change in Irrigated Crop Yields (2030s)
16

Rajagopalan et al. 2018

Presenter Notes
Presentation Notes
Crop-specific percent changes in irrigated crop yields between historical and the 2030s. Note that these are potential yields – the yields attainable under no stress for a specific crop (e.g. full irrigation, no biotic stresses). The individual effects of elevated CO2 levels, changes in precipitation patterns and increases in temperature are separated.  Red bars show the combined effects.
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Percent Change in Regional Irrigation Demand (2030s)

Rajagopalan et al., 2018

Presenter Notes
Presentation Notes
Spatial differences in average changes in irrigation demand between 2030s and historical conditions. Changes are separated by early season (March, April, May), summer (June, July, August), and late season (September, October, November) demands. Annual demands are also shown.
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Change in dryland crop yields (%)

18

Rajagopalan et.al. unpublished
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climate change to be a risk?

Yorgey et.al. 2014
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Do NW wheat farmers think they can 
adapt to climate change?

Yorgey et.al. 2014
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B

Expected changes in net primary productivity index (left figure, where positive values, 
shown in green, represent an increase in NPP) and expected changes in year to year 
variability (right figure, where negative values, shown in red, represent an increase in 
variability) by 2050-2060.  Changes are shown as +2 to -2 index, compared to historical 
baseline of 2001-2010. Projections shown were developed using a high greenhouse 
gas emissions scenario known as A2, and future climate projections from the 3rd

Coupled Model Intercomparison Project (CMIP3)..

Projections of Climate Impacts to Rangelands

Data from Reeves et al. 2017; maps Rajagopalan et al.
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Bisbis et.al. 2018. Potential impact of climate change on vegetable production and 
product quality – a review. Journal of Cleaner Production



Climate change impacts on tree fruit production 
and management (temperature effects)

Spring Summer

FallWinter

heat risk

color 
development

chill 
accumulation

growth, yield, pests, pollinators

early bud break/ 
frost risk

• Sunburn risk in apples
• Honeybee colony dynamics, 

fall temperature effects
• Codling moth pest pressures

23Credit: Rajagopalan
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Ault et.al. 2014

Presenter Notes
Presentation Notes
This paper from 2014 basically ran an ensemble of models for 3 RCP’s (2.6, 4.5, 8.5) overlaid with the paleo-climate record of decadal and multi-decadal drought risk. Essentially, we have a 30-50% probability of having a decade-long drought in the NW in the next century and a 0-10% probability of having a 30-50 year drought in the next century. Much better than the SW, but scary none-the-less.One thing we know is that not only is there the ENSO cycle, but there’s also the PDO cycle. We don’t know nearly as much about it, we haven’t had as many . Global climate models do not do as good of a job picking up PDO.  This cycle is better correlated to long term drought in the PNW.Panels on L probability of decadal drought.   (RCP is right 3).  Right panels are the probability of a 30-50 year drought. Even up in the NW, the probability of a decade long drought, is on the order of 10-20% that we will have a decade-long drought this century.  Human part of inter-regional part of the climate change.  If you look S, they are NOT insulated from big problems.  Ag in the SW may look northward.  6000 acres of carrots moved up. Almond growers have been looking for sites in Oregon. 14,000 acre farm in Paterson was sold to a LA company…..Interregional dynamics will drive socio-economic impacts that we might not pick up just looking at crop impacts.



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y Acknowledgments

WA Ecology: Columbia River Forecast
BioEarth: NIFA award #: 2011-67003-30346
USDA Northwest Climate Hub
Columbia FEW: NSF  EAR1639458
REACCH: NIFA Award #: 2011-68002-30191
Fruit & Veg Supply: NIFA Award #: 2017-68002-26789



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y Additional Resources

http://csanr.wsu.edu

http://www.facebook.com/CSANR

http://reacchpna.org

agclimate.net

Contact:
Chad Kruger, Director, CSANR
cekruger@wsu.edu

http://csanr.wsu.edu/
http://www.facebook.com/CSANR
http://reacchpna.org/
mailto:cekruger@wsu.edu
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Thank you!

Center for Sustaining Agriculture & Natural Resources
Washington State University

cekruger@wsu.edu
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