
Climate Change in Washington State: 
What is the connection to wildfires & how do we 

know our climate is changing?

Dr. Heidi Roop 
University of Washington 

 Climate Impacts Group
@heidiroop @CIG_UW

Image: NASA/GSFC



The Climate Impacts Group supports the development of 
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private entities to apply this information as they act to shape 

society’s future.
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A FOCUS ON WILDFIRE



2018 Bofer Canyon Fire:  
Fire officials say nearly 5,000 acres were consumed by flames. 

August 15th, 2018; Bob Brawdy Tri-City HeraldSouth Green Place in Kennewick. 



IS THERE A CLIMATE CONNECTION? 



Let’s explore. 



WILDFIRES ARE CAUSED BY 
 HUMANS & NATURE

+



FIRE SUPPRESSION & PAST FOREST 
MANAGEMENT HAVE CONTRIBUTED TO 

TODAY’S WILDFIRE ISSUES



FIRE PLAYS A VITAL ROLE IN FOREST 
HEALTH
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LEAD TO DRIER  
FUEL & FORESTS 
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For wildfire, context matters.

Fuel-limited

Climate-limited

Climate-limited

Modified from: Dr. Brian Harvey, UW

Different landscapes have different 
sensitivities (& vulnerabilities).



But the context is changing.

Current Climate Context.



From: IPCC, 2014



AVERAGE ANNUAL TEMPERATURE IN WA STATE
HAS RISEN BY 1.8°F SINCE 1900

OWSC, 2018

OWSC, 2018



Interannual variability in wildlife frequency is strongly correlated with 
spring and summer temperature. 

“Large wildfire activity (>400ha) [in the Western U.S.] 
increased markedly in the 1980’s with higher large-wildfire 

frequency, longer wildfire duration and longer wildfire 
seasons.” - Westerling et al., 2006

From: Westerling et al., 2006



Mauger et al., 2015Puget Sound



In the Pacific Northwest, total annual streamflow 
— an indicator of precipitation and water availability —

is correlated with the area burned & severity of 
wildfire. 

From: Westerling et al., 2006; Holden et al., 2012.

The timing of spring snowmelt also plays a role in 
Western U.S. wildfire. Early snowmelt leads to larger fires. 



Human-caused climate change contributed an 
additional 4.2 million hectares area burned by 

wildfire between 1984-2015.

Abatzoglou and Williams, 2016; Photo: H. Roop



1 ha = 2.47 acres 
= ~48 tennis 
courts



4.2 million hectares…. 

…SO many tennis courts…



This is nearly double the forest fire expected 
in the absence of human-caused climate 

change.

Abatzoglou and Williams, 2016; Photo: B. Kramer



Human-caused climate change accounts for 
~55% of observed increases in fuel aridity 

between 1979-2015.

Abatzoglou and Williams, 2016; Photo: H. Roop



WHAT DOES THE FUTURE HOLD?





Models project ~8% less rain across 
WA state during summer months by 
the 2050’s.

Snover et al., 2015; cig.uw.edu; Image H. Roop 

http://cig.uw.edu


Climate change will alter Northwest 
forests by increasing wildfire risk, 

insect & disease outbreaks, 
& by forcing longer-term 

shifts in forest types & species. 

Image: H. Roop 

- National Climate Assessment, 2014



Increases in disease & pests can further 
stress forests.

Mauger et al., 2015; cig.uw.edu; Image H. Roop 

http://cig.uw.edu




Cougar Creek Fire | GOES-16 | 20 August 2018

Where there is fire…there is smoke.



“Smoke travels fast…

- Anna Elza Brady, 2018

& needs no passport.”





www.doh.wa.gov/SmokeFromFires 

Smoke from fires can be  

dangerous for everyone 

Take these steps to protect your health 

Stay informed on air quality 
 Visit WA Smoke Blog (www.wasmoke.blogspot.com) for current air quality  
conditions and smoke forecasts.  

Pay attention to local news for health warnings and air quality reports in  
your area. 

Keep indoor air clean 
Close windows and doors, pay attention to the heat, and stay hydrated.  

Use fans or air conditioner (AC) when it’s hot, and set your AC to recirculate. If  
you don’t have an AC and it’s too hot to stay home, go to a place with AC like 
a mall or library.  

Don’t smoke, use candles, or vacuum.  

Use an air cleaner with a HEPA filter.  

Contact your healthcare provider  
If you have heart or lung diseases and your symptoms get worse around smoke, 
contact your healthcare provider. Call 911 if you or someone else has serious 
symptoms—like trouble breathing. 

Avoid smoky air 

 People with health conditions, such as lung or heart diseases, diabetes, stroke  
survivors or have a cold, should limit their time outside, avoid  intense physical  
activities and keep indoor air clean when smoke levels are “moderate.” 

Babies, children, people over 65, and pregnant women should follow this  
advice when smoke levels are “unhealthy for sensitive groups.”   

Everyone else should do this when smoke levels are “unhealthy for everyone.” 

DOH is committed to providing customers with forms and publications in appropriate alternate formats.  
Requests can be made by calling 800-525-0127 or by email at civil.rights@doh.wa.gov. TTY users dial 711. 

DOH 334-424 English 

 دخان الحرائق قد يكون خطرًا على 
 الجميع

 اتبع الخطوات التالية لتحمي صحتك 

www.doh.wa.gov/SmokeFromFires 

 ابقَ على اطلاع بمستجدات جودة الهواء
لمعرفة أحوال جودة الهواء WA Smoke (www.wasmoke.blogspot.com) تفضل بزيارة مدونة  

 الحالية وتوقعات انبعاث الدخان.

 انتبه إلى نشرات الأخبار المحلية لمعرفة التحذيرات الصحية وتقارير جودة الهواء في منطقتك.

  حافظ على نظافة الهواء داخل المنزل
 أغلق النوافذ والأبواب وانتبه إلى الحرارة وحافظ على شرب الماء.

استخدم المراوح أو مكيف الهواء عندما يكون الجو حارًا، واضبط المكيف على إعادة تدوير الهواء. إذا لم يكن 
ا للغاية للبقاء داخل المنزل، فاذهب إلى مكان مكيَّف، مثل مركز تسوق أو  لديك مكيف هواء أو كان الجو حارًّ

 مكتبة.

 تجنب التدخين أو استخدام الشموع أو المكنسة الكهربائية.

 (HEPA).استخدم منقيّ هواء مزود بمرشح هوائي للجسيمات عالي الكفاءة 

 اتصل بمقدم الرعاية الصحية
إذا كانوا يعانون من أمراض القلب أو الرئة وساءت الأعراض بالقرب من الدخان، فاتصل بمقدم الرعاية الصحية. 

 ، )في الولايات المتحدة( إذا كنت تعاني أنت أو شخص آخر من أعراض خطيرة 199اتصل برقم الطوارئ 
 مثل صعوبة التنفس.

 تجنب الهواء الملوث بالدخان

مثل أمراض الرئة أو القلب أو السكري أو الناجين من سكتة دماغية أو لمن يعانون من ظروف صحية، ينبغي  
المصابين بنزلة برد، أن يقللوا فترة بقائهم خارج المنزل، ويتجنبوا الأنشطة البدنية المكثفة، ويحافظوا على 

 نظافة الهواء داخل المنزل عندما تصبح مستويات الدخان "متوسطة".

عندما عامًا والسيدات الحوامل  56الرضع والأطفال ومن تزيد أعمارهم عن ينبغي اتباع النصيحة التالية مع 
 تصبح مستويات الدخان "غير صحية للمجموعات سريعة التأثر".  

 اتباعها عندما تصبح مستويات الدخان "غير صحية على الجميع".للجميع وينبغي 

 بتزويد العملاء بالنماذج والمطبوعات في تنسيقات بديلة مناسبة. DOH تلتزم
 . civil.rights@doh.wa.govأو عبر البريد الإلكتروني على العنوان  077-616-7910يمكن تقديم طلب عن طريق الاتصال بالرقم 

  .177يتصل المستخدمون من ضعاف السمع بالرقم 

 بتزويد العملاء بالنماذج والمطبوعات في تنسيقات بديلة مناسبة. DOH تلتزم
 . civil.rights@doh.wa.govأو عبر البريد الإلكتروني على العنوان  077-616-7910يمكن تقديم طلب عن طريق الاتصال بالرقم 

                                                                                                                          DOH 334-424 Arabic .177يتصل المستخدمون من ضعاف السمع بالرقم 

STEPS TO PROTECT YOUR HEALTH



“Hospitals have seen an uptick in respiratory 
complaints. Pools closed. Soccer practices were 

canceled, and apple pickers on the eastern slopes of 
the Cascade Mountains were encouraged to wear 

masks—when they were able to work at all. ”
- Craig Welch referring to August, 2018 wildfire 

smoke conditions. National Geographic, 2018 

Image: NPR 



Image: AP/Elaine Thompson



WHERE DOES THE 
 HEAT COME FROM?

?



From: EPA

Greenhouse gases create Earth’s “duvet”.



The most abundant 
GHG. Water vapor 
increases as the 

atmosphere warms.

Produced by the use of 
commercial & organic 
fertilizers, fossil fuel 

combustion, nitric acid 
production & biomass 

burning.

Image: 
NASA/GSFC

Produced by natural 
sources & human 

activities, including the 
decomposition of waste in 
landfills, agriculture, rice 
cultivation, and ruminant 

digestion.

Released through natural (volcanic 
eruptions) & human activities 

(deforestation, land use changes &  
burning fossil fuels). 

Modified from NASA.gov

GHG = Greenhouse Gas



From: IPCC, 2014

We are going to back in time too…



~1.8ºF warming globally since the late 1800’s

Created by H. Roop from NASA GISS, NOAA ESRL, NOAA NCEI data 



IPCC, 2014; Images: H. Roop 

There is high confidence (>95%) that human-produced 
greenhouse gases have caused much of the observed 

increase in Earth’s temperature over the past 50 years.  



280 ppm 

Pre-industrial 413 ppm

ppm= parts per million

?
May, 2019

Future
Uncertainty = us. 

Heidi Roop, UW Climate Impacts Group 



Emissions of Greenhouse Gases Determine Temperature Rises 

NCA, 2018



Climate change in our backyard:

Snover et al., 2018



Snover et al., 2018

2015: A postcard from the future? 



Lakes &  
Ice!

Ice!

HOW HAS 
CLIMATE 

CHANGED?

H. Roop, Climate Impacts Group 



FROM ICE CORES WE HAVE DIRECT MEASUREMENTS OF 
GREENHOUSE GASES BACK 800,000 years!

280 ppm 
Pre-industrial (late 1800’s)

May, 2019

413 ppm

ppm= parts per million

CO2

CO2

Image: H. Roop; Taylor Glacier, Antarctica 



ANCIENT AIR!

Image: P. Neff



CO2

Temperature

Data: Jouzel et al., 2007; Luthi et al., 2008

C
O

2 (
pp

m
)

Te
m

pe
ra

tu
re

 (º
C

)

Today800,000
years ago Time

800,000 yrs of CO2 & Temperature



CO2

Temperature

Data: Jouzel et al., 2007; Luthi et al., 2008
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So we have evidence that today is  
different.

What can we do about it? 



HOW WE ‘FEEL’ FUTURE  
CLIMATE CHANGE DEPENDS ON:

Our actions now to  
reduce emissions of greenhouse 

gases 
(mitigation)

How well we prepare our 
communities & the systems 

we rely on (adaptation)

+
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License Information 

Except where otherwise noted, this work for Washington Green Schools is licensed under a 
Creative Commons Attribution License. All logos and trademarks are property of their 

respective owners. Sections used under fair use doctrine (17 U.S.C. § 107) are marked.

This presentation may contain or reference links to websites operated by third parties. 
These links are provided for your convenience only and do not constitute or imply any 

affiliation, endorsement, sponsorship, approval, verification, or monitoring by Washington 
Green Schools. Please confirm the license status of any third-party resources and 

understand their terms of use before reusing them.

https://www.wagreenschools.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/



