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We have 10 
years to cut 
emissions 

by 50% 



1oC	=	1.8oF	





The world is now 1oC (1.8oF) warmer 

h*ps://www.youtube.com/watch?v=Z4bSxb5THm4	



Flooding is a global problem 

Lehmann, J., et al. (2015) Increased record-breaking precipitation events under global warming, Climatic Change, doi: 10.1007/s10584-015-1434-y 

Extreme rainfall has increased 12% 



Lehmann, J., et al. (2015) Increased record-breaking precipitation events under global warming, Climatic Change, doi: 10.1007/s10584-015-1434-y 

Extreme rainfall has increased 12% 



O‘ahu, April 2018 
State of Emergency, $124 million 



Short steep watersheds w/ heavy 
development promote flooding 



Kaua‘i, April 2018 
49.69 inches of rainfall in a 24-hour period, national record  









Weather disasters have doubled in two decades  

Centre for Research on the Epidemiology of Disasters, UN International Strategy for Disaster Reduction: http://reliefweb.int/report/world/human-cost-weather-related-disasters-1995-2015		



Worldwide Extreme Weather Catastrophes 
1980-2016 



The western U.S. fire season is 
150 days longer than 40 yrs 

ago… 

Abatzoglou, J.T., Williams, A.P. (2016) Impact of anthropogenic climate change on wildfire across western U.S. forests. Proceedings of the National Academy of Sciences; 201607171 doi: 10.1073/pnas.1607171113		
Kitzberger T, et al.(2017) Direct and indirect climate controls predict heterogeneous early-mid 21st century wildfire burned area across western and boreal North America. PLoS ONE 12(12). https://doi.org/10.1371/journal.pone.0188486

…the number of  large 
fires has tripled 



Heat waves are the deadliest 
natural disaster in the U.S.  

Center for Climate and Energy Solutions: https://www.c2es.org/content/heat-waves-and-climate-change/



Global extreme weather events on the rise 

Floods	 Drought	Mortality	

Wildfires	 Extreme	Temperature	Events	

https://www.gmo.com/docs/default-source/research-and-commentary/strategies/asset-allocation/the-race-of-our-lives-revisited.pdf?sfvrsn=4.  International Disasters database: https://www.emdat.be 



Hurricanes and 
Climate Change 

• Warmer water =  More fuel 
• Larger 
• More rain 
• Stronger wind = Higher 

category 
• Slower = More damage 
• Higher storm surge 
• Shifting away from equator 

Does	Global	Warming	Make	Hurricanes	Stronger?	h*p://www.realclimate.org/index.php/archives/2018/05/does-global-
warming-make-tropical-cyclones-stronger/	



1994 hurricane season 



2018 hurricane season 



Hurricane Michael, Florida Panhandle, October, 2018 



Hurricane Michael, Florida Panhandle, October, 2018 



By 2030 global 
water requirements 

will exceed 
sustainable water 
supplies by 40%. 

h*ps://www.dni.gov/files/documents/Special%20Report_ICA%20Global%20Water%20Security.pdf	



Freshwater withdrawals are already 
exceeding internal sources 

h*ps://ourworldindata.org/water-access-resources-sanitaVon#water-stress-and-scarcity	

17%	 22%	
52%	>1000%	

By 2050 water demand is projected to grow by 55% 



Food is less 
nutritious. 

 

Decreased 
zinc, iron, 

and protein 



Chunwu, Z et al (2018) Carbon dioxide levels (CO2) this century will alter the protein, micronutrients, and vitamin content of  rice grains with potential health consequences for the poorest rice-
dependent countries, Science Advances, May 23, v. 4, no. 5. Myers, S.S., et al. (2014) Increasing CO2 threatens human nutrition, Nature, 510, 139-142, doi: 10.1038/nature13179.  

Food staples grown under higher CO2 have up to 17% 
less protein, zinc, vitamin B complex, and iron. 



By 2050, an additional 300 million people will be 
malnourished, an additional 1.4 billion women and 

children are likely to have iron deficiency 

Smith,	M.R.,	and	Myers,	S.S.	(2018)	Impact	of	anthropogenic	CO2	emissions	on	global	human	nutriVon,	Nature	Climate	Change	8,	834-839	



Food	Shortages	
• Global	wheat	provides	20%	of	
human	protein.	

– Yield	is	threatened	by	drought,	
flood,	higher	CO2	

– By	2050	demand	will	increase	by	
60%	(9	billion	people)	

– But	wheat	yields	will	decline	by	
15%.	

Deutsch, C.A., et al. (2018) Increase in crop losses to insect pests in a warming climate, Science, 31 August, v. 361, Iss. 6405, p. 916-919 
Springmann, M. et al. Global and regional health effects of future food production under climate change: a modelling study. The Lancet, March 2, 2016 DOI: 10.1016/S0140-6736(15)01156-3. Myers et al, 2014 Increasing CO2 threatens human nutrition, Nature 510, 
139-142. Feng et al, 2015 Constraints to nitrogen acquisition of terrestrial plants under elevated CO2, Global Change Biology, DOI: 10.1111/gcb.12938 



Mora C, et al. (2017) Global risk of  deadly heat. Nature Climate Change 7, 501-506 

The Tropics are Becoming Unlivable 



Food and water shortages can lead to violent 
conflict, refugee crises 

Mora, C., et al. (2017) Global risk of  deadly heat. Nature Climate Change; DOI: 10.1038/NCLIMATE3322  



Violence, food and water scarcity drive people 
from their homelands  



Worldwide nearly 1% of  humanity are 
displaced from their homes 

 

h*p://www.pewresearch.org/fact-tank/2016/08/03/nearly-1-in-100-worldwide-are-now-displaced-from-their-homes/	

A growing refugee crisis is a global 
security crisis. 



Drought 
in Syria 

led to civil 
war and 

terrorism 

…worst	drought	in	
1000	yrs,	causing	
widespread	crop	
failure	and	a	mass	

migraVon	of	farming	
families	to	urban	

centers.		

…the	drought	had	a	
catalyVc	effect,	
contribuVng	to	
poliVcal	unrest.	















Syrian refugees flooded into 
Europe by the millions 



… creating a backlash among residents 



Sebastian Kurz..…campaigned 
on the need for tougher 

immigration controls, quickly 
deporting asylum-seekers 

whose requests are denied 
and outlawing the practice of 

Islam.	



Climate Kings 
How a new generation of  authoritarian leaders are using climate change to seize power. 





Oceans are hotter, more acidic, 
with 2% less oxygen 

Cheng LJ and Zhu J (2018) 2017 was the warmest year on record for the global ocean. Adv. Atmos. Sci.  Friedrich T et al (2012) Detecting Regional Anthropogenic Trends in Ocean Acidification 
against Natural Variability, Nature Climate Change. Takamitsu I et al (2017) Upper Ocean O trends: 1958-2015, GRL   



Four global bleaching events since 1998, none prior 

By 2050 >98% of  coral reefs will be 
afflicted by annual bleaching 

Heron, S.F., et al. (2016) Warming trends and bleaching stress of  the worlds coral reefs 1985-2012, Scientific Reports, 6, DOI:10.1038/srep38402 



Humanity has caused the loss of  83% of  
all wild mammals and 50% of  plants.  

Today, we are deforesting the planet at 
30 football fields per minute 



Of  all mammals on Earth, 96% are 
livestock and humans, 4% are wild.  

Bar-On, Y.O, Phillips, R., Milo, R. (2018) The biomass distribution on Earth, PNAS, 201711842; DOI:10.1073/pnas.1711842115 

Of  all birds, 70% are chickens and other 
poultry, 30% are wild.  



Over 15,000 scientists wrote “Humans have 
pushed Earth's ecosystems to their breaking point 
and are well on the way to ruining the planet.”  



All of  this is bad news…. But weʻre doing 
something about it, right? 



Carbon Dioxide Emissions 
Have Risen 3 yrs in a Row 

h*p://www.globalcarbonproject.org	

2.7%	



2018 - Demand for new 
energy grew 2.3% CO2 

emissions rose 2.8%  

Global	CO2	Emissions,	Energy	Related	

2014 											2015 			2016 												2017 					2018	
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CO₂ Emissions rose because climate policy could not overcome 
economic growth.  

 
The biggest factors pushing emissions down were energy efficiency & 

renewables, but they would have to be about three times larger to 
overcome economic growth.	

2018 - Demand for new energy grew 2.3%  
CO2 emissions rose 2.8%  

India	
U.S.	
China	

h*ps://twi*er.com/Peters_Glen/status/1110454130441707523.	IEA	(2019)	Global	Energy	and	CO2	Statu	Report,	h*ps://www.iea.org/geco/	
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Tim	Garre*	-	h*ps://twi*er.com/nephologue/status/1051218794679390209	Garre*,	T.	J.:	No	way	out?	The	double-bind	in	seeking	global	prosperity	alongside	miVgated	climate	change,	Earth	Syst.	Dynam.,	3,	1-17,	
h*ps://doi.org/10.5194/esd-3-1-2012,	2012.	

Price	Waterhouse	Consultants	(PwC)	h*ps://www.pwc.com/gx/en/issues/economy/the-world-in-2050.html	

Emissions	Follow	World	GDP,	+130%	by	2050	



• Energy demand set to grow >25% by 2040 
• Renewables make up only two-thirds of  new 

capacity 
• Oil consumption grows due to rising demand 

for petrochemicals, trucking, aviation, energy 
• CO2 emissions continue to increase to mid-

century 
https://www.iea.org/weo/ 



U.S.	Energy	InformaMon	AdministraMon		
Energy	ConsumpVon	increases	to	2040	for	all	fuels	but	coal		

h*ps://www.eia.gov/outlooks/ieo/exec_summ.php	

Market share roughly unchanged 



Global emissions must cut 50% by 2030 

http://www.ipcc.ch/report/sr15/ 

Rockström, J. et al. (2017) A roadmap for rapid decarbonization. Science, 355 (6331): 1269. Gasser, T., et al. (2015) Negative emissions physically needed to keep global warming below 
2oC, Nature Communications 6, DOI: 10.1038/ncomms8958.  

Global	Carbon	
Law	



• Global	Warming	is	
AcceleraVng	

•  Emissions	rising	
•  Emissions	cleaner	
•  Decreased	ocean	
circulaVon	

•  Pacific	releasing	heat	
(IPO)	

•  1.5oC	by	2030	
•  2.0oC	by	2045	

Xu, Y. et al. (2018) Global warming will happen 
faster than we think, Nature, v. 564, Dec. 6 



4oC	by	2080ʻs	



Thank You For Your Time 
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