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How	
  bad	
  is	
  the	
  California	
  drought?	
  



Dry	
  Humor	
  



Average	
  snow	
  year,	
  March	
  27,	
  2010	
   Ho6est,	
  driest	
  winter	
  on	
  record,	
  March	
  29,	
  2015	
  

Tom	
  Painter,	
  NASA	
  ASO	
  



Lake	
  Shasta	
  

Lake	
  Mead	
  

America’s	
  largest	
  reservoir	
  at	
  
record	
  low	
  earlier	
  this	
  

summer!	
  



Groundwater	
  
The	
  water	
  stored	
  in	
  the	
  saturated	
  zone	
  in	
  the	
  soils	
  and	
  rocks	
  layers	
  

(aquifers)	
  beneath	
  Earth’s	
  surface	
  

Surface	
  water	
  (rivers,	
  lakes,	
  reservoirs)	
  

Groundwater	
  



Groundwater	
  and	
  sustainability	
  
	
  
•  96%	
  of	
  the	
  world’s	
  unfrozen	
  fresh	
  water	
  is	
  groundwater	
  

•  Groundwater	
  accounts	
  for	
  as	
  much	
  as	
  33%	
  of	
  water	
  withdrawals	
  worldwide	
  

•  Over	
  2	
  billion	
  people	
  rely	
  on	
  groundwater	
  as	
  their	
  primary	
  water	
  source	
  

•  Half	
  or	
  more	
  of	
  irrigaRon	
  water	
  is	
  supplied	
  by	
  groundwater	
  

•  Groundwater	
  provides	
  the	
  key	
  ‘strategic	
  reserve’	
  for	
  water	
  supply	
  during	
  
prolonged	
  periods	
  of	
  drought	
  

	
  
Ironically,	
  groundwater	
  is	
  poorly	
  managed	
  and	
  monitored	
  in	
  many	
  regions	
  around	
  
the	
  world,	
  so	
  that	
  regional	
  and	
  global	
  water	
  security	
  is	
  at	
  far	
  greater	
  risk	
  than	
  is	
  
currently	
  acknowledged.	
  	
  



NASA	
  Gravity	
  Recovery	
  and	
  Climate	
  Experiment	
  (GRACE)	
  



Soooo, THIS is the correct way to weigh yourself.


Apparently I’ve been doing it wrong all of these years!.




Change	
  in	
  total	
  water	
  storage	
  in	
  the	
  Sacramento-­‐San	
  Joaquin	
  River	
  basins	
  from	
  GRACE	
  
2002-­‐2014	
  

2006	
   2009	
   2013	
  

Time	
  series	
  and	
  images	
  computed	
  from	
  NASA	
  JPL	
  Mascons	
  soluRons	
  by	
  Felix	
  Landerer	
  



Cumula-ve	
  groundwater	
  deple-on	
  in	
  California’s	
  Central	
  Valley	
  from	
  USGS	
  and	
  GRACE	
  



Central	
  Valley	
  groundwater	
  deple-on	
  from	
  GRACE(	
  2003-­‐2013)	
  
Surface	
  water	
  alloca-ons	
  and	
  groundwater	
  use	
  are	
  closely	
  connected	
  

California’s	
  system	
  of	
  aqueducts	
  for	
  surface	
  water	
  redistribu-on	
  



Characterizing	
  California	
  drought	
  with	
  GRACE	
  and	
  Total	
  Water	
  Storage	
  Deficit	
  	
  

Actual	
  monthly	
  
water	
  storage	
  
variaRons	
  	
  

‘Normal’	
  range	
  
of	
  	
  monthly	
  
water	
  storage	
  
variaRons	
  	
  

Differences	
  
from	
  ‘normal’	
  
dry	
  condiRons	
  

2002 2004 2006 2008 2010 2012 2014
-4
0

-2
0

0
20

40

Date

TW
S

 A
no

m
al

ie
s 

(c
u.

 k
m

)

2002 2004 2006 2008 2010 2012 2014

-4
0

-2
0

0
20

40

Date

C
lim

at
ol

og
y 

(c
u.

 k
m

)

2002 2004 2006 2008 2010 2012 2014

-5
0

-4
0

-3
0

-2
0

-1
0

0

Date

W
at

er
 S

to
ra

ge
 D

ef
ic

it 
(c

u 
km

)

drought	
  begins	
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  ends	
  

size	
  of	
  Total	
  Water	
  Storage	
  Deficit	
  

peak	
  Total	
  Water	
  Storage	
  Deficit	
  is	
  42	
  km3	
  in	
  2014	
  





Subsidence	
  rate,	
  	
  
2007-­‐2011	
  

Subsidence	
  rate,	
  	
  
May-­‐October	
  2014	
  

Mapping	
  Groundwater	
  Induced	
  Subsidence	
  Rates	
  	
  
Near	
  El	
  Nido,	
  CA	
  

Slide	
  courtesy	
  of	
  Tom	
  Farr,	
  NASA	
  JPL	
  



GPS	
  network	
  shows	
  progressive	
  upli\	
  of	
  western	
  U.	
  S.	
  	
  	
  
due	
  to	
  water	
  mass	
  loss	
  in	
  drought	
  

Slide	
  from	
  Dan	
  Cayan,	
  from	
  Borsa	
  et	
  al.	
  2014	
  



Groundwater	
  deple-on	
  during	
  drought	
  threatens	
  the	
  water	
  
security	
  of	
  the	
  Colorado	
  River	
  Basin	
  
(2005-­‐2014)	
  

Total	
  water	
  storage	
  anomalies	
  

‘Accessible’	
  water	
  storage	
  anomalies	
  

GW	
  
SW	
  

Castle	
  et	
  al.,	
  2014	
  

Surface	
  and	
  ground	
  water	
  storage	
  anomalies	
  



	
  
	
  
	
  
	
  

What	
  are	
  we	
  going	
  to	
  do	
  about	
  it?	
  







1) Mandatory	
  raRoning	
  
2)  Emergency	
  groundwater	
  plan	
  
3)  Long-­‐term	
  planning	
  
4)  Public	
  ownership	
  

Op-Ed Up a dry creek	


by Jay Famiglietti, March 12, 2015	


Op-Ed California has about 
one year of water left. Will 
you ration now?	


by Jay Famiglietti, March 12, 2015	







Food	
  for	
  Thought	
  



Food	
  for	
  Thought	
  
	
  
• We	
  use	
  more	
  water	
  than	
  we	
  have	
  available	
  to	
  us	
  on	
  a	
  renewable	
  basis	
  in	
  CA:	
  	
  
California	
  is	
  running	
  out	
  of	
  water	
  

• Most	
  of	
  that	
  gap	
  is	
  suppled	
  by	
  groundwater	
  

• Most	
  of	
  that	
  is	
  used	
  to	
  support	
  agriculture	
  
	
  
•  Groundwater	
  remains	
  unprotected	
  and	
  is	
  rapidly	
  disappearing	
  

•  Given	
  these,	
  how	
  do	
  we	
  define	
  ‘sustainability’	
  when	
  we	
  are	
  knowingly	
  and	
  
rapidly	
  depleRng	
  our	
  strategic	
  reserve	
  

•  Yet	
  we	
  need	
  to	
  grow	
  food	
  for	
  a	
  growing	
  populaRon	
  in	
  the	
  face	
  of	
  changing	
  
climate	
  





For	
  more	
  informaRon	
  	
  |	
  	
  @JayFamiglief	
  	
  |	
  	
  h6p://jayfamiglief.com	
  


