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Extreme	Events	
•  Hurricanes	
•  Heat	Waves		
•  Fires	
•  Floods	

Higher	Temps	cause	
More	drying	(heat	waves,	fires)	
More	precipita2on	(floods,	
hurricanes)	
Higher	Sea	Surface	Temperatures	
(more	intense	hurricanes)	
Changes	in	atmospheric	
circula2on	(heat	waves,	fires,	
floods)	

	

Hurricane	Ophelia	



Ophelia’s	High	Sea	Surface	Temps	



Jet	Stream	

Expanding	Hadley	Cells	



Recent	Hurricanes	
•  2017	Season	
– 10	weeks	of	10	hurricanes	

•  MaXhew,	2016	
– October	Records	

•  Patricia,	2015	
– 220	mph	

Hurricane	Patricia,		
October	2015	
215	mph	winds	



•  Indisputable	Science	
•  Sea	Level	Rise		

•  contributes	to	coastal	flooding	and	storm	surge	
•  Warmer	Sea	Surface	Temperatures	

•  Strongest	storms	are	ge\ng	stronger	from	higher	sea	surface	
temperatures	

•  More	moisture	in	the	atmosphere		
•  means	more	rainfall	
•  more	intense	rainfall	

•  Under	Considera2on	
•  Slow	moving	nature	of	Harvey	might	have	been	due	to	expanded	High	

Pressure	zone	and	further	north	Jet	Stream	
•  Rapid	Intensifica2on	
•  Fewer	Category	1-2	and	more	Category	3-5?	

•  Not	Known	
•  How	storm	frequency	will	change	–	more	or	fewer	hurricanes?	

Hurricanes:	Consensus	Science 		



2017	currently	~2ed	with	5	
other	years	if	season	ended	
today	



Recent	Heat	Waves	

•  Southwest,	June	
2017	

•  Pacific	Northwest,	
August	2017	

•  Northeast,	Fall		
2017	

•  Colorado,	March	
2017	



Heat	Waves	–	Consensus	Science	
•  Easy	2e	to	climate	change		
•  Ridging/Blocking	Events	
Important	

•  Soil	Moisture	Deficits	
Reinforce	Heat	

•  Atmospheric	Demand	for	
Moisture	dries	land	
surface,	then	promotes	
hea2ng	

•  Atmospheric	moisture	can	
reduce	nigh\me	cooling	

•  Winds	uncertain	2e	to	CC	



Persistent	7-Week	Heat	Dome	/	Ridge	
Summer	2017	



Record	Se\ng	Temperatures	in	California,	
Summer	2017	





•  Why	do	higher	temps	lead	to	less		snowmelt	runoff?	
–  Longer	Growing	Season	
– More	Warmth	on	Any	Given	Day	
–  At	some	point,	possibly	more	plants	and	growth	upslope	
– More	Evapora2on	from	Soils	
– More	opportunity	for	sublima2on	
– More	atmospheric	demand	

Linear	Trends	in	Vapor	pressure	Deficit		
mb/53	years	

Seager	et	al,	2015	



Recent	Extreme	Fires	
•  California	Fires,	
2017	

•  Bri2sh	Columbia	
Fires,	2017	

•  Pacific	Northwest,	
2017	

•  Great	Plains,		
2017	



Pacific	Northwest	Fires	
September	5,	2017	



Na2onal	Interagency	Fire	Center		

2017	not	shown	
Currently	over	8m	acres	



Fires:	Consensus	Science 		
•  Longer	Fire	Seasons	
•  Bigger	Fires	
•  More	Intense	Fires	
•  Contribu2ng	Factors	

–  Increased	Aridity	
–  Wet	winters	with	hot	summers	
–  Early	Runoff	

Seager	et	al.,	2015	

Southwest	US	Area	Burned	and	Vapor	Pressure	deficit	

Fire	Season	Length	



Fires	



Early	Snowmelt	
means	more	
fires	–	green	
arrows	
	
Late	snowmelt	
means	fewer	
fires	–	blue	
circle	



Recent	Extreme	Floods	

•  Houston,	Harvey	2017	
•  Houston,	2016	
•  Louisiana,	2016	



Floods	–	Consensus	Science	
•  Heavy	Precipita2on	Increasing	
– Regional	Differences	Important	

•  Addi2onal	Atmospheric	Moisture	
– 4%	/	Degree	F	

•  Higher	Sea	Levels	contribute	to	storm/2de	
surge	and	delay	draining	
– 6	inches	to	a	foot,	lots	more	to	come	

•  Sta2onary	Storms	are	key	element	in	recent	
floods	
– Tie	to	climate	change	unclear	



Texas	Floods	
April	15-19,	2016	

Louisiana	
	Floods	

August	8-14,	2016	





Concluding	Thoughts	
•  Extreme	Events	seem	to	be	occurring		

more	frequently	
–  at	only	1C	Warming	

•  Warming	Leads	to…	
–  Mari2me	Snowpack	Reduc2on	
–  Increases	in	co-occurring	Drought	
–  More	Intense	Precipita2on	
–  More	Intense	Hurricanes	
–  Drier	condi2ons	leading	to	more	fires	
–  Changes	in	Atmospheric	Circula2on,	e.g.	Hadley	and	Polar	

•  Hadley	Cell	Expansion		
–  More	Northerly	Hurricanes	?	
–  Blocking	PaXerns	that	lead	to	Drought	?	
–  Larger	dry	areas	during	drought	

•  Polar	Amplifica2on	?	
–  In	some	cases,	Colder	winters	in	the	East,	Drier	in	the	West	

Rossby/Planetary	Waves	



Read	David	Roberts	on	this	



June	Heat	Wave	Forecast	



October	17-24		Heat	Wave	Forecast	



Extra	Slides	



Waldo	Canyon,	2012	

Hayman,	2002	

High	Park	Fire,	2012	

Black	Forest	Fire,	2013	

Fourmile	Canyon,	2010	



Cook	Science	

In	both	Central	Plains	
and	Southwest,	Mul2-
decadal	Drought	Risk*	
exceeds	80%	in	21st	
Century	
	
*	Defined	as	Drought	
las2ng	35	or	more	years	

Percent	Chance	
of	Mul2-
Decadal	
Drought	Risk,	
Southwest	US	





Jamestown	
Colorado	Public	Radio	

Front	Range	Floods,	September	2013	



Fires	

40	Fires	in	2017	

5	Fires	in	2002	



2017	Hurricane	Records	

•  Number	of	Major	Storms	
– 6,	2ed	for	2nd	

•  Major	Storm	Days	
•  Accumulated	Cyclone	Energy	’ACE’	Energy	
•  10	Consecu2ve	Hurricanes	from	Tropical	Storms	
•  Ophelia	
– No	Major	Hurricane	ever	in	region	



Hurricane	Patricia,		
October	2015	
220	mph	winds	

September	2017	Hurricane	Records	

•  Warmer	Ocean	Waters	have	more	Energy	
•  High	Sea	Level	means	more	Storm	Surge	
•  Warmer	Atmosphere	generates	more	rain,	

and	more	intense	rain	

•  All	of	these	changes	lead	to	more	powerful	
and	damaging	hurricanes	

Hurricane	Changes	





May	4,	2016	Temperatures	
40	Degrees	
Fahrenheit	
Above	
Normal	



Ophelia’s	Unprecedented	Loca2on	





California	2014-15	
Snowpack	 		

2013	

2015	
5’	Snow	
normally	

5%	of	normal	
snowpack	
despite	near	
normal	
precipita2on	in	
many	places	





CA	2012-2014	Precip+Temp	

Mann	&	Gleick	2015	

2014	 3-Year	Anomalies	rela2ve	
to	1901-2000	mean	



CA	Precipita2on	and	Temperature	

Mann	&	Gleick	2015	

2014	 3-Year	Anomalies	
rela2ve	to	
1901-2000	mean	



California	2014-2015	
Drought		

•  Winter	Temperatures	
–  Sierra	Winter	Above	32	F,	
–  	(1st	2me	>32F	in	120	years)	

•  Sierra	Precipita2on	
–  Rain,	not	Snow		
–  Not	the	driest!		
–  (40%	to	90%	of	normal)	

•  Snowpack	
–  Lowest	Ever	-	5%	on	April	1		
–  (1977	at	25%)	
–  500-Year	(?)	Return	Period	

•  	Drought	
–  Worst	in	1200	(?)	Years	

•  Water	Deliveries	
–  Record	Low	to	CVP	Contractors	

2013	

2015	
5’	Snow	
normally	



2016	



Colorado	River	Drought	2000-2014	

Sources:	Udall	and	Overpeck,	
2017;	Woodhouse	et	al.,	2016	

•  2000-2014	Worst	Drought	
in	Colorado	River	Gage	
Record	

•  ~	1/3	of	the	Decline	due	to	
Higher	Temperatures	

•  20%	Loss	by	2050	Possible	
due	to	higher	temperatures	

•  Increases	in	precipita2on	
may	counteract	losses	
somewhat	

•  Increased	risk	of	
megadrought	in	21st	century	
reinforces	loss	poten2al	
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Pliocene	2.6	to	5.3	mya	
	
2C	to	3C	Warmer	
	
10C	to	20C	Warmer	in	
the	Arc2c	
	
15m	to	25m	higher	Sea	
Levels	


