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Your role in today’s talk
Draw your own conclusion



Is this a talk arguing the existence 
of anthropogenic climate change?

NO
Is anthropogenic climate change a real 
phenomenon that is raising the average 

temperature of the planet?

YES
Can we attribute a single extreme event 
to anthropogenic climate change?

…work in progress 



Scientific Foundation: 
Why does the wind blow?

The Earth system (atmosphere, ocean, land) is in a 
constant battle to balance out HEAT!  !

!
Climate and weather are manifestations of the 
Earth attempting to balance the HEAT BUDGET

HEAT
Input at equator



Variability and Trends

Wiggles = Variability

What is the trend?



California precipitation:  Big 
seasonal cycle 

 
Only a few storms define the annual total of precipitation  

 
October–March is the “wet season” for California, and this is true throughout 

most of the state



California precipitation:  Increases with latitude  
 

60% of California water resources originate in the Sierra Nevada mountains  
 

About 75% of California’s water supply comes from north of Sacramento, while 
80% of water demands occur in the southern two-thirds of the state



California precipitation:  Varies a lot 
from year to year!

!



California precipitation:  Why does most fall during the winter? 
!
The!Pacific!storm&track!is!a!region!of!storm!ac2vity!during!the!winter!
!
In!the!storm!track,!storms!travel&across&the&Pacific&and!hit!the!North!American!west!coast.!The!
general!path!of!these!storms!is!steered!by!the!jet&stream,!which!is!a!region!of!really!high!winds!
that!blow!about!10!km!(~6!miles)!high!

A typical simulation of 
storm track activity

The jet stream 
wobbles north to 

south naturally



California Precipitation:  Why does it 
vary winter to winter? 

 
El Niño is a phenomenon in the Pacific Ocean at the equator.  Sea surface temperatures 
increase, causing a huge ripple effect in the atmosphere.  This causes the jet stream to 

shift south in the winter so that more storms hit Southern California. 
 

La Niña is the opposite, causing storms to veer north toward the Pacific Northwest. 
 
 
 
 
 



California Precipitation:  Why does it 
vary winter to winter? 

!
Another!oceanGatmosphere!process!similar!to!El!Niño/La!Niña!is!the!Pacific&Decadal&Oscilla7on!

!
All!of!these!phenomena!start!with!big&sea&surface&temperature&changes,!which!have!a!ripple!

effect!on!the!atmosphere!and!cause&large&pressure&changes.!
!
!
!
!



The 2013/2014 Drought: 
Historical Context

Year Precip 
(cm)

% avg

1. 1976/77 19.5 32.8

2. 1923/24 25.4 40.6

3. 1930/31 30.6 51.4

4. 1911/12 30.9 51.9

5. 2013/14 31.2 52.4

Driest wet seasons

Trend: 0.0005 cm/year 
!
Variability: 19.4 cm/year



What is contributing to the 
current drought?

H
L

What causes this circulation pattern?
North Pacific sea surface temperatures (LOCAL)

Global scale temperature differences (LARGE SCALE)

Atmospheric Circulation Patterns

STORMS

Can we attribute 
any of these to 
anthropogenic 
climate change 

(warming)?



Drought Attribution: anthropogenic 
climate change to blame??!

Swain et al. 2013: “we find that extreme geopotential height 
values in this region, which are a defining metric of this type of 
atmospheric configuration, occur much more frequently in the 

present climate than in the absence of human emissions” 

Wang and Schubert 2013: “The 2013 SST anomalies 
produced a predilection for California drought, whereas the 
long-term warming trend appears to make no appreciable 

contribution because of the counteraction between its 
dynamical and thermodynamic effects.” 

!
Funk et al. 2013: “Long-term SST warming trends did not 

contribute substantially to the 2012/13 and 2013/14 California 
droughts. North Pacific SSTs were exceptionally warm, 

however, and coupled models indicate more frequent extreme 
precipitation.” 

 	



YES

NO

NO



Defining Drought!



Defining Drought!



Take home points!
• Anthropogenic climate change is real and measurable!
• California precipitation is subject to natural variability;  
the current deficit in precipitation is within the limits of 
this natural variability !

• The 2013/2014 lack of precipitation has been attributed 
to a ‘blocking ridge’ of high pressure over California.!

• While still being disputed, the current evidence 
suggests NATURAL VARIABILITY as the cause!

• HOWEVER!! This does not minimize the detrimental 
effects that rising temperatures will have on water 
resources for California


