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A	
  Simple	
  Schema.c	
  of	
  Large-­‐Scale	
  Circula.on	
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Observed	
  Changes	
  in	
  the	
  Climate	
  System	
  

Human	
  influence	
  on	
  the	
  climate	
  system	
  is	
  clear,	
  
and	
  recent	
  anthropogenic	
  emissions	
  of	
  
greenhouse	
  gases	
  are	
  the	
  highest	
  in	
  history.	
  
	
  
	
  Recent	
  climate	
  changes	
  have	
  had	
  widespread	
  
impacts	
  on	
  human	
  and	
  natural	
  systems.	
  	
  
	
  



Climate	
  Change	
  
 
Warming of the climate system is unequivocal, and since 
the 1950s, many of the observed changes are 
unprecedented over decades to millennia.  
 
The	
  last	
  three	
  decades	
  has	
  been	
  successively	
  warmer	
  at	
  the	
  
Earth’s	
  surface	
  than	
  any	
  preceding	
  decade	
  since	
  1850	
  In	
  the	
  
Northern	
  Hemisphere,	
  1983–2012	
  was	
  likely	
  the	
  warmest	
  
30-­‐year	
  period	
  of	
  the	
  last	
  1400	
  years.	
   
 
The atmosphere and ocean have warmed, the amounts of 
snow and ice have diminished, and sea level has risen. 	
  

Intergovenmental	
  Panel	
  on	
  Climate	
  Change	
  



Global	
  averaged	
  land	
  and	
  ocean	
  surface	
  temperature	
  show	
  a	
  
warming	
  of	
  0.85°C	
  over	
  the	
  period	
  1880	
  to	
  2012	
  	
  

Observa.ons	
  



Global	
  mean	
  temperatures	
  are	
  rising	
  faster	
  with	
  .me	
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IPCC	
  AR4	
  2001	
  

“The	
  balance	
  of	
  evidence	
  suggests	
  a	
  discernable	
  human	
  influence	
  
	
  on	
  global	
  climate”	
  	
  Ben	
  Santer,	
  IPCC	
  1995	
  	
  



The	
  IPCC	
  Fiah	
  Assessment	
  Report	
  

95%	
  Certainty	
  (extremely	
  Likely)	
  global	
  
warming	
  is	
  due	
  to	
  fossil	
  fuel	
  emissions	
  
(increased	
  Carbon	
  Dioxide)	
  	
  released	
  by	
  
powerplants,	
  cars,	
  etc.	
  



NOAA	
  NaMonal	
  Climate	
  Data	
  Center	
  



Temperature	
  and	
  CO2	
  Increases	
  are	
  ProporAonal	



Intergovernmental Panel on Climate Change, 2001	


	





April	
  2013:	
  CO2	
  exceeds	
  400PPM	
  	
  









The	
  Last	
  
500,000	
  
years	
  
	
  

and	
  	
  
	
  

the	
  last	
  200	
  
years	
  

J.	
  Hansen	
  

•  >	
  400ppm	
  May	
  2013,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  March	
  2015	
  



20	
  

Current	
  levels	
  of	
  atmospheric	
  CO2	
  have	
  not	
  
occurred	
  for	
  at	
  least	
  the	
  last	
  800,000	
  years	
  

U.S.	
  Climate	
  Change	
  Science	
  Program	
  State	
  of	
  Knowledge	
  Report	
  (2009)	
  

Business	
  as	
  Usual	
  	
  



Are	
  Changes	
  in	
  Solar	
  RadiaMon	
  Causing	
  Warming	
  









ANribuMon	
  
•  are observed 

changes consistent 
with  

þ expected responses 
to forcings  

Q  inconsistent with 
alternative 
explanations 

Observa.ons	
  

Climate	
  model:	
  	
  All	
  
forcing	
  

Climate	
  model:	
  	
  
Solar+volcanic	
  
only	
  

IPCC	
  AR4	
  



0.85	
  
Global	
  Mean	
  



Arctic Sea Ice Reduction  

This will Impact California! 



Minimum extent decreased by 40% between 1979 and 2012 

2012	
  

2015	
  
Standard	
  DeviaMon	
  
	
  
1981-­‐2010	
  Mean	
  





Tropical	
  Glaciers	
  are	
  Shrinking	
  



Frozen	
  Ground	
  Area	
  is	
  Decreasing	
  



Observed	
  20th	
  Century	
  Hydrologic	
  Timing:	
  Western	
  US	
  

	
  

•  Trends	
  in	
  stream	
  flow	
  .ming	
  shiaed	
  1-­‐3	
  weeks	
  
earlier	
  over	
  the	
  past	
  ~50	
  years.	
  

•  Timing	
  shia	
  dominated	
  by	
  changes	
  in	
  snowmelt-­‐
derived	
  streamflow,	
  par.ally	
  alributed	
  to	
  warming.	
  

Stewart	
  et	
  al.	
  2005	
  	
  



Global	
  Mean	
  Sea	
  Level	
  Rise	
  



Change	
  in	
  Local	
  Sea	
  Level	
  Rise	
  



San	
  Juan	
  Sea	
  Level	
  Rise	
  is	
  Increasing	
  



Sea	
  Level	
  Rise	
  and	
  Salt	
  Water	
  Intrusion	
  
Sea	
  Level	
  Rise	
  raises	
  the	
  water	
  table	
  and	
  salt	
  water	
  intrudes	
  coastal	
  
regions.	
  	
  	
  	
  
	
  
	
  Sea-­‐level	
  rise	
  can	
  also	
  contaminate	
  groundwater	
  supplies	
  due	
  to	
  
landward	
  and	
  upward	
  movement	
  of	
  sea-­‐water	
  in	
  coastal	
  aquifers.	
  	
  	
  
	
  
The	
  intrusion	
  of	
  saltwater	
  into	
  groundwater	
  systems	
  will	
  also	
  impact	
  
coastal	
  ecosystems	
  such	
  as	
  marshes	
  by	
  changing	
  the	
  elevaMon	
  of	
  
the	
  freshwater-­‐saltwater	
  interface.	
  

Groundwater	
  deple.on	
  will	
  soon	
  be	
  as	
  important	
  a	
  factor	
  in	
  contribu.ng	
  to	
  sea-­‐
level	
  rise	
  as	
  the	
  mel.ng	
  of	
  glaciers	
  other	
  than	
  those	
  in	
  Greenland	
  and	
  Antarc.ca	
  





As	
  Oceans	
  Warm,	
  Hurricane	
  Intensity	
  Increases	
  



The	
  most	
  important	
  
spaMal	
  paNern	
  (top)	
  of	
  
the	
  monthly	
  Palmer	
  
Drought	
  Severity	
  Index	
  
(PDSI)	
  for	
  1900	
  to	
  2002.	
  
	
  
	
  
	
  
	
  
	
  
	
  	
  
	
  
The	
  Mme	
  series	
  accounts	
  
for	
  most	
  of	
  the	
  trend	
  in	
  
PDSI.	
  

Drought	
  is	
  increasing	
  most	
  places,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  increased	
  Evapora.on	
  

IPCC	
  AR4	
  



Definition of Drought 
Meteorological, Hydrological, Agricultural, Socioeconomic 

•  Meteorological Drought - the degree of net precipitation 
dryness compared to the average amount and duration of 
the dry period. 

 
•  Hydrological Drought - periods of precipitation shortfall on 

surface or subsurface water supply, rather than with 
precipitation shortfalls directly. 

 
•  Agricultural Drought - meteorological and hydrological 

drought impacts on agriculture (precipitation shortages, soil 
water deficits, and reduced groundwater or reservoir levels). 

•  Socioeconomic Drought - the supply and demand of an 
economic good with elements of meteorological, 
hydrological, and agricultural drought (e.g. crop impacts).  



Chinese	
  DynasMes	
  change	
  
	
  during	
  every	
  major	
  	
  drought.	
  
	
  
Anasazi	
  Pueblo	
  Collapse	
  
	
  
Water	
  Wars	
  in	
  the	
  Mid-­‐East	
  
	
  
Mass	
  migraMon	
  in	
  Sahel	
  
	
  
	
  



Sandy	
  $64B	
  



Climate	
  Change	
  



Intergovernmental	
  Panel	
  for	
  Climate	
  Change	
  	
  
Special	
  Report	
  on	
  Emissions	
  Scenarios	
  

SRES 
Actual	
  Emissions	
  
Trajectory	
  

	
  
	
  

	
  
	
  

	
  
	
  

Fossil	
  Fuel	
  Intensive	
  

Renewable,	
  Local	
  



Representa.ve	
  Concentra.on	
  Pathways	
  replace	
  SRES	
  	
  

AR5	
  



9oF	
  

7oF	
  

3oF	
  

Projec.ons	
  of	
  Climate	
  Change	
  

IPCC	
  AR4	
  

RCP4.5	
   RCP8.5	
  



 
	
  

greatest	
  over	
  land	
  &	
  
at	
  most	
  high	
  
Northern	
  laMtudes	
  
	
  
and	
  	
  
	
  
least	
  over	
  the	
  	
  
Southern	
  Ocean	
  	
  
&	
  parts	
  of	
  the	
  	
  
North	
  AtlanMc	
  	
  
Ocean	
  
	
  

ProjecMons	
  of	
  Climate	
  Change	
  

IPCC	
  AR4	
  





As	
  Warming	
  Con.nues	
  the	
  Sub-­‐Tropics	
  and	
  Mid-­‐La.tudes	
  
Dry	
  and	
  Evapora.on	
  Increases	
  Everywhere	
  
S.ppled	
  Regions	
  are	
  where	
  80%	
  of	
  IPCC	
  Models	
  Agree	
  	
  



Nine-­‐Model	
  Mean	
  Temperature	
  Change	
  	
  
A1B	
  (2075-­‐2099)	
  minus	
  20C	
  (1975-­‐1999)	
  

Puerto	
  Rico	
  ~	
  2.5oC	
  Increase	
  	
  



Nine-­‐Model	
  Mean	
  Temperature	
  Change	
  	
  

A1B	
  (2075-­‐2099)	
  minus	
  20C	
  (1975-­‐1999)	
  
Puerto	
  Rico	
  ~	
  10-­‐15%	
  decrease	
  	
  

Hatching:	
  
75%	
  of	
  	
  
models	
  agree	
  



Global	
  Mean	
  Sea	
  Level	
  Rise	
  	
  
(Greenland	
  and	
  Antarc.c	
  Calving	
  are	
  not	
  considered)	
  





There	
  will	
  be	
  more	
  Intense	
  Hurricanes	
  

Source:	
  NOAA	
  



Hurricane models project increasing hurricane 
intensities and rainfall rates with climate warming…        
…but the occurence of hurricanes may decrease. 

Sources:  Knutson and Tuleya, J. Climate, 2004 (left); Knutson and Tuleya (2008) Cambridge Univ Press (right). 
                See also Bengtsson et al. (Tellus 2007) and Oouchi et (J. Meteor. Soc. Japan, 2006); Walsh et al. (2004) Stowasser et al. (2007). 

~Late 21st century 

Current climate 

         Hurricane Intensity                   Hurricane Rainfall Rates           

Current 
climate 

~Late 21st century 

6-­‐hr	
  accumulated	
  rainfall	
  [cm]	
  within	
  ~100	
  km	
  of	
  storm	
  center.	
  

Sensitivity:  ~4% increase in wind speed 
     per oC SST increase 

SensiMvity:	
  	
  ~12%	
  increase	
  in	
  near-­‐storm	
  	
  	
  	
  	
  
	
  rainfall	
  per	
  oC	
  SST	
  increase	
  



Observed	
  number	
  of	
  dry	
  days	
  
1961-­‐1990	
  

9-­‐model	
  mean	
  projected	
  dry	
  days	
  
2020-­‐2049.	
  	
  ~20	
  day	
  increase	
  

9-­‐model	
  mean	
  projected	
  dry	
  days	
  
2070-­‐2099.	
  	
  ~30	
  day	
  increase	
  	
  
	
  

More	
  Dry	
  Days	
  



mm/d	
  

%	
  

%	
  

9-­‐model	
  mean	
  projected	
  dry	
  days	
  
2020-­‐2049.	
  	
  PR	
  decrease	
  ~15%	
  

9-­‐model	
  mean	
  projected	
  dry	
  days	
  
2070-­‐2099.	
  PR	
  decrease	
  ~30%	
  
	
  	
  	
  

Observed	
  and	
  Model-­‐Projected	
  Rain	
  Intensity	
  



More	
  El	
  Ninos	
  (Perhaps)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Summer	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Winter	
  



Stern	
  Review	
  2006	
  


