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The Climate Impacts Group supports the development of 
climate resilience by advancing understanding and 

awareness of climate risks. We work closely with public & 
private entities to apply this information as they act to shape 

society’s future.

Established 1995



A FOCUS ON… 

AGRICULTURE. 
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HOW IS CLIMATE CHANGE 
CONNECTED TO AGRICULTURE?
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Temperature, precipitation

Length of season

Crop suitability &  
Productivity

Nutritional quality 
of food
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“Climate change has the potential to adversely 
impact agricultural productivity at local, 

regional, and continental scales."

NCA, 2018



Crop and livestock production in certain regions will be 
adversely impacted both by direct and indirect effects of 

climate change: 

‘DIRECT IMPACTS :  increasing trends in daytime and 
nighttime temperatures; changes in rainfall patterns; and 
more frequent climate extremes, flooding, and drought.  

‘INDIRECT IMPACTS’: increased weed, pest, and disease 
pressures; reduced crop and forage production and quality; 

and damage to infrastructure. 

NCA, 2018



Snover et al., 2013



Modified from Natural Resources Canada
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Carbon Dioxide & Greenhouse Gases -  
agriculture as source & sink 

H. Roop



Greenhouse gas sources & sinks in agriculture 

Farming Futures



World Future Council, 2012



Scheelbeek et al., 2018; PNAS

Some crops benefit from the increased CO2 but the benefit is likely 
short-term and at the expense of the nutritional density of certain 

foods (more on that later).

Rising carbon dioxide levels ramp up the process of photosynthesis — 
which is what allows plants to transform sunlight into food. 



Increasing Air  
Temperature 
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Projected changes in temperature:

for Puget Sound, Climate Impacts Group, 2015





Water -  
too much, too little

H. Roop



PEAK STREAMFLOW IS OCCURRING  
UP TO 20 DAYS EARLIER

Mauger et al., 2015 | Puget Sound | 1948-2002 ©CIG; with aerial support from LightHawk 



BY THE 2040’, SUMMER STREAMFLOW IS  
PROJECTED TO DECREASE BY 19%.

Puget Sound | April-September | A1B scenario Mauger et al., 2015



Modified from Skagit Climate Consortium

More Precipitation as Rain &  
Rising Winter Freezing Levels 



NCA, 2014

Observed Shifts in Streamflow Timing



A1B: Medium emissions scenario

Basin Transformations: Shifting from snow to rain

Mauger et al., 2015



Winter rains

Summer snowmelt



Shifting Streamflows – Yakima Basin
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Shifting Streamflows – Yakima Basin

October April September

Elsner et al. 2010

A1B: medium emissions scenario



Shifting Streamflows – Yakima Basin

October April September

Elsner et al. 2010



Water needed for:  
• irrigation,
• instream flows,
• fall hydro-

production

Shifting Streamflows – Yakima Basin

October April September

Elsner et al. 2010



In the Yakima basin, water shortage years – 
years with curtailed water delivery to junior 

water rights holders – are projected to increase 
from 14% of years historically to 36% to 77% 

of years by the 2080s.

Vano et al., 20101979-1999 | for low & medium greenhouse gas scenario 



Models predict 22% less rain during 
summer months by the 2050’s

Puget Sound | Mauger et al., 2015



BY THE 2080’s, THE WETTEST DAYS 
IN THE PACIFIC NORTHWEST ARE PROJECTED 
TO INCREASE BY 22%.

RCP8.5 | relative to 1970-1999 ©CIG; with aerial support from LightHawk 



NCA, 2018; from EPA, 2016

Land Area and Extreme Precipitation



 In the United States, 
property and crop damage 

from floods averaged 
nearly $8 billion per year 

(in 2011 dollars) from 1981 
-2011.  

Modified from NCA, 2018



Productivity & Suitability



after Key et al., 2014; from NCA, 2018

Projected Reduction in Annual Milk Production
(in 2030 compared to 2010)



Mauger et al., 2015

High emissionsLow emissions



Rajagopalan et al., 2017

Diurnal Temperature Range



Health, Nutrition & Access 



Many countries are already experiencing rapid price 
increases for basic food commodities, mainly due to 

production losses associated with more frequent 
weather extremes and unpredictable weather 

events. 

 The United States is a major exporter of 
agricultural commodities, and a disruption in its 

agricultural production will affect the 
agricultural sector on a global scale.



Food security is likely to become an even 
greater challenge as climate change impacts 

agriculture.

Food security will be further challenged by projected population 
growth as the world seeks to feed a projected 9.8 billion people by 

2050.
NCA, 2018



Scheelbeek et al., 2018; PNAS

While rising CO2 certainly helps plants grow, it has the side effect of 
causing them to produce more simple carbohydrates such as glucose. 

This can come at the expense of other important nutrients 
including protein, zinc and iron. 

Rising carbon dioxide levels ramp up the process of photosynthesis — 
which is what allows plants to transform sunlight into food. 



Myers et al., 2014 | Nature



Climate change in our backyard:



Snover et al., 2018

2015: A postcard from the future? 



The ability of producers to adapt to climate change through 
planting decisions, farming practices, and use of technology can 

reduce its negative impact on production.

NCA, 2018



CCAFS, 2019

Potential Adaptation Actions



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 look at the past later…



~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



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
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CO2

Temperature

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



“The global climate 
continues to change 
rapidly compared to 

the pace of the 
natural variations in 

climate that have 
occurred throughout 

Earth’s history.” 
- 4th National Climate Assessment 

November 2017

Image: NASA/GSFC/Suomi NPP



So we have evidence that today is  
different.

What can we do about it? 

H. Roop, Climate Impacts Group 



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)

+

Heidi Roop, UW Climate Impacts Group 



Photo: H. Roop 
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