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Five Major Impacts 
• Shift in runoff patterns- more winter runoff and less 

spring and early summer runoff due to smaller 
snowpacks. 
 

• Sea level rise with levee and salinity problems in the 
Delta and low coastal areas. 
 

• Bigger floods due to larger winter rainflood producing 
areas and more water vapor in storms. 
 

• Somewhat higher crop and landscape water needs. 
 

• Water temperature problems for cold water fish like 
salmon and steelhead. 
 
 
 
 





Major Greenhouse Gases 
       Approx Percent    Rel GWP 
Carbon dioxide       56      1 
Methane        16    23 
Nitrous oxide          5  300 
Halocarbons        11   140 – 12,000 
Trop. ozone        12   N.A. 
      (Per IPCC 2007) 

Water vapor          About 2/3 of present   
   GH effect; CO2 is about 25 %    

GWP = global warming potential 





GISS analysis of global surface temperature change.  Base period = 1951 – 1980. 
Green vertical bar is estimated 95% confidence range. 
     Source: update of Hansen et al., GISS analysis of surface temperature 

change. 

 



IPCC 2100 Projections 
(From 4th Assessment Report 2007) 

• Global temp up 1.8 to 4.0 º C (from 1990) 
• Sea level rise by .18 to .59 m (.6 to 1.9 ft)  
    ( with an added .1 to .2 m if Greenland ice            

melt increases beyond 1993-03 rate) 
• Precipitation more uncertain but likely 

increase at higher latitudes and near 
equator, less in subtropics 

• Extreme events (floods) more likely 
 
 



  CMIP5 scenarios 
   Representative Concentration Pathways (RCP) 
greenhouse gas emissions and concentrations 

Cayan, et al., Scripps/USGS 2013 



 July Temperature Change 
        14 GCMs X 3 RCP 
        emissions Scenarios  
   IPCC 5th Assessment (CMIP5) models 

Warming is substantial in climate projections   

Climate Warming:   
 summer warming higher than winter 
 interior warming greater than coastal/marine  
 nighttime warming has exceeded daytime warming in last few decades 
 heat wave incidence projected to become more frequent, intense, durable  

Cayan, et al., Scripps/USGS 2013 



Source: James R. Goodridge, updated beyond 2004 by 
Michael  Anderson, DWR with DRI data in 2008. 



       Precipitation Change   14 GCMs X 3 new Emissions Scenarios 
     IPCC 5th Assessment models 

Cayan, et al., Scripps/USGS 2013 

Highest GHGE Middle GHGE Lower GHGE 

GHGE=Greenhouse  
            Gas Emissions 

Precipitation probably will  remain extremely variable  

     Precip change uncertain   
         concensus of CMIP5 models shows little change in NoCal 
        continued potential for extremely heavy events 



Suraj Polade & Mike Dettinger 

Three Emission Scenarios Combined  

- 2100 



Reduced Mountain Snowpack and 
Change in River Runoff Patterns 

• Warmer temperatures mean higher snow 
levels during winter storms, about 500 feet 
per degree Celsius. 

• If precip about the same, more winter 
runoff and smaller spring and early 
summer snowmelt volumes. 

• Northern Sierra affected more than higher 
elevation southern Sierra snowpack. 





                    Projected Change   
     Northern Sierra Nevada snow storage season 
  9 CMIP5 RCP4.5 GCMs BCCA downscaled, VIC snow simulation  

 length of snow  
season declines 
 from ~6 months 
     to ~3 months 
  
 
 

David Pierce 



y = -0.0613x + 31.15 
R² = 0.0091 
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April 1 Snow Water Content 
12 Northern Sierra Snow Courses 

(Original 13 less Lake Spaulding) 



y = 0.0268x + 26.212 
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April 1 Snow-Water Content 
13 Southern Sierra Nevada Snow Courses 









Mokelumne River 



Reduced Snowpack -- Some Increase in 
Delta Salinity Intrusion 

• Most likely to affect the near normal and above 
normal years, not the dry ones. 

• Smaller snowpacks mean less surplus snowmelt 
runoff at reservoirs and in the Delta in spring. 

• Earlier advance of ocean salts into the estuary. 
• Longer effective dry season for the Delta will 

require more freshwater releases to repel ocean 
salinity and maintain suitable water quality with 
some additional loss in average export yield. 



More Coastal Erosion 



IPCC & A. Casenave 



Global Mean Sea Level From Satellites 



Components of Sea Level Rise, 1993-2010 

• Thermal expansion             1.1 mm/yr 
• Glaciers and icecaps  0.8   “ 
• Greenland ice sheet  0.3   “ 
• Antarctic ice sheet  0.3   “ 
• Land water storage  0.4 

   Total     2.9    “ 
 
–   Observed   3.2    + or -    0.4 
     Source:  IPCC 2012 





Sea Level Rise? 



From A. Casenave 



Bromirski, Miller, Flick, and Auad 



Sea Level Rise 
• IPCC 2007   range from 0.2 to 0.6 m 
  (with an added 0.1 to 0.2 m if Greenland ice melt 
  increases beyond the 1993-2003 rate) 
• Historic at GG = 0.2 m per century 
• Major water project impacts in Delta: 

• Increase in salinity intrusion due to higher ocean levels 
(deeper channels) and longer dry season (less snowmelt 
runoff).  Can be combatted by more outflow. 

• More pressure on weak Delta levees with greater risk of 
inundation in winter floods; higher risk of summer 
breaks with possible interference with export water 
transfer. 

 



Sea Level Planning Studies 
Spring 2009 

• DWR Staff Recommends a 2050 range of 0.4 to 
1.2 feet 
 

• Delta Vision suggests  for Delta Planning  
    Use 1.3 feet for 2050 and 4.6 feet for 2100 
 
Comment: recent rate of Greenland net ice melt 
at 200 cubic kilometers is about 0.6 mm/year or a  
rate of 0.06 m/century (0.2 feet/century). 
Sea level will probably continue to rise after 2100. 



DWR 2009 PROJECTIONS  



New NRC Sea Level Rise Panel 

• 13 experts to provide guidance on long-
range rise estimates for planning for 2030, 
2050 and 2100 

• Evaluate global and local factors 
• For CA, OR & WA 
• Report done in summer 2012 
• Rise projections more than IPCC (2007) 

but less than Vermeer & Ramsdorf (2009) 
 



Rising seas increase coastal erosion, shoreline retreat, 
and wetland loss; increases the risk of coastal flooding, 

and increases coastal damage from storms 





City 2030 2050 2100 
Seattle 7 (-4 to 23) 17 (-3 to 48) 62 (10 to 143) 
Newport 7 (-4 to 23) 17 (-2 to 48) 63 (12 to 142) 
San Francisco 14 (4 to 30) 28 (12 to 61) 92 (42 to 166) 
Los Angeles 15 (5 to 30) 28 (13 to 61) 93 (44 to 167) 

Sea Level Projections and Ranges 
(cm) for West Coast Cities 
 

Large north-south difference reflects the change in tectonics 
Slight gradient reflects the sea-level fingerprint, which lowers 
projections, in decreasing amounts, from north to south 

NRC PANEL IN 2012 



Antioch chart 
GG
T us 
29 







Possible Effect on CVP-SWP 
Water Exports 

• From preliminary 2009 DWR studies for 
2050 with twelve scenarios: 
– Average supply change:    --7 to --10 percent 
– 6 year dry period change:  --7 to –18 percent 
– BUT remember the base has a dry period 

shortage of around 40 percent already  



In California, Mean Sea Level Isn’t Everything 

From R. Flick 



 





Best Approach for the Delta 

• Spend modest amounts, on the order 
of 40 million dollars annually, for the 
next 20 – 30 years to keep pace with 
the current slow rise in sea level, 
maintaining the same relative risk as 
present.  Let our children decide what 
to do then with better information and 
projections. 



Possible Flood Increase 

• For mountain basins, higher snow levels 
during storms means more rain runoff 
contributing area. 

• Storm rainfall intensity tends to increase 
with warmer temperatures, other 
parameters being the same. 

• Some indication for storm drainage design 
of increasing intensity of rainstorms. 
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Slightly Higher Water Use 

• Farm and landscape water consumption 
goes up with temperature, around 10 
percent for 3º C, other factors constant. 

• Higher dewpoints reduce water use 
• Higher carbon dioxide reduces water use 

slightly for most plants. 
• With warming, planting dates for annual 

crops will probably change. 
 



ET simulations slide 
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Warmer River Water Temperatures 

• There are likely to be more problems for cold water fish 
like salmon, steelhead and trout from warmer 
temperatures. 
 

• Warmer air temperatures mean warmer water 
temperatures. 
 

• Reduced and earlier snowmelt means less cold water 
pools behind major foothill reservoirs. 
 

• Delta smelt near top of their range now, which is 24 - 25º 
C, or 75 to 77º F. 
 
 



Ararat Cloud Cap 



Extra Slides 



MAGNITUDE OF THE CHALLENGE 
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Governor’s Order and AB 32 

• Reduce CA greenhouse gases in 2010 to 
year 2000 levels. 

• Reduce 2020 greenhouse gases to 1990 
levels, some 30 percent less than 
business as usual. (512 to 365 MMTCO2 
Equivalent). 

• By 2050 reduce GHG 80 % below 1990. 
• Air Resources Board in charge of scoping. 





Ca  Precipitation Trend 
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y = -0.0008x + 0.4312 
R² = 0.0938 
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y = -0.0006x + 0.7107 
R² = 0.0583 
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Monthly Average Runoff of Sacramento River System
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CA Temp and Precip Projections 

Some Uncertainty 

Lots of Uncertainty 

From Dettinger, 2005 


	CO2, Water Resources, �Hydrology, and Climate Change
	Five Major Impacts
	Slide Number 3
	Major Greenhouse Gases
	Slide Number 5
	Slide Number 6
	IPCC 2100 Projections�(From 4th Assessment Report 2007)
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Reduced Mountain Snowpack and Change in River Runoff Patterns
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Reduced Snowpack -- Some Increase in Delta Salinity Intrusion
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Components of Sea Level Rise, 1993-2010
	Slide Number 27
	Sea Level Rise?
	Slide Number 29
	Slide Number 30
	Sea Level Rise
	Sea Level Planning Studies�Spring 2009
	Slide Number 33
	New NRC Sea Level Rise Panel
	Rising seas increase coastal erosion, shoreline retreat, and wetland loss; increases the risk of coastal flooding, and increases coastal damage from storms
	Slide Number 36
	Slide Number 37
	Antioch chart
	Slide Number 39
	Slide Number 40
	Possible Effect on CVP-SWP Water Exports
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Best Approach for the Delta
	Possible Flood Increase
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slightly Higher Water Use
	ET simulations slide
	Warmer River Water Temperatures
	Slide Number 55
	Extra Slides
	Magnitude of the Challenge
	Governor’s Order and AB 32
	Slide Number 59
	Ca  Precipitation Trend
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	CA Temp and Precip Projections

