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    California’s Fourth Climate Change Assessment 
 

The Fourth Climate Change Assessment is (the first) inter-agency effort to implement  
a substantial portion of California’s recently released Climate Change Research Plan, 
which articulates near-term climate change research needs to ensure that the state 
stays on track to meet its climate goals.  
 
The Fourth Assessment builds on the success of three prior assessments to address 
California-specific policy questions and information needs…. This latest assessment is 
being supported through two funding sources, one managed by the California Energy 
Commission (CEC) and another by CNRA. The former focuses on energy-related 
research needs and the latter on non-energy research needs.  

http://resources.ca.gov/climate/fourth/ 
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Rahmstorf, 2009.  If a value representing the 99.9th of the probability distribution would have 

been used, the upper limit for the 2012 Assessment would have been much larger.  In the figure 

below the filled bar for the values reported by Cayan et al. (2016) represent about the 95th 

percentile at the top of the bars and the 5th percentile at the bottom. The 99.9th (blue dots) and 

50th percentiles (small rectangles) are also included in the Cayan et al. (2016) bars. 

 
     Source:  Franco and Oliver, 2016 

Figure 4 Sea Level Rise Projections of Relevance for California Since 2006 

 

 

Finally, some research teams are using a bottom-up approach to determine what sea levels 

would pose problems to different natural and human systems.  This bottom-up approach can be 

combined with the top-down methods.  The top-down methods start with sea level rise 

projections to examine impacts and adaptation options.   For example, Figure 1 can be easily 

translated into a look-up table (forthcoming) to determine by when a critical sea level value, 

determined by bottom-up methods, would be reached. As an illustration, Figure 5 presents the 

“likelihoods” of experiencing 50 inches of sea level rise in different years for RCP8.5 and 

RCP4.5, respectively.   Please note that these likelihoods depend strongly on the assumptions 

about future global GHG emissions associated with the RCPs.  
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 Probabilistic SLR Scenarios for California Methodology 
          Scenarios for California 4th Assessment and CASCADE 
     these are not the State of California Sea Level Guidance 
 
 
•   Use Global Climate Model results from different climate scenarios (e.g., RCPs INDCs) 
       
•      Use contributions from major components from various methods to estimate total SLR:  
                 (Thermal Expansion, Glaciers and Icecaps, Land water storage change, Greenland, Antarctica).      
 

•    Use new ice sheet analyses/modeling of  Antarctic contribution to global SLR 
     DeConto and Pollard 2016  

             
•    Use estimated probabilities from : observational measures,  models,  expert opinion          
             (modern and paleo records, process experiments, GCM projections, and expert  

                     opinion as  presented, e.g.,  in  (Kopp et al. 2014;  Mengel et al 2016) 

 
•    Construct hourly Sea Level over 21st Century at selected California coast locations 
                     GCM weather and  short period climate, along with predicted tides to derive hourly projections  
                              to be combined with regional SLR trends.    
 
 
 



Sea Level Rise Science and Projections--Growing Rapidly 
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Components of Global and Regional Sea-Level Rise 

Sea level at a particular place can be higher or lower than 

 the global mean due to regional effects 

• Global sea-level rise 
 

• Atmosphere-ocean circulation 

patterns in the Pacific (e.g., El Niño), 

which affect ocean levels 
 

• Melting of modern and Ice Age 

glaciers and ice sheets, which affect 

ocean and land levels 
 

• Tectonics and fluid 

withdrawal/recharge, which affect 

land levels 

National Research Council    
West Coast SLR Report, 2015 



Projections of Components of Global SLR for 2100 relative to current levels
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  Projected Probabilistic Contributions to Global SLR  
     for 2100,  RCP 8.5 includes DeConto and Pollard 2016 Antarctic model “a/b” 
 

1 meter SLR 

 Ocean 
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Water Storage 

DeConto and Pollard (2016) large 
ensemble model estimates of 
Antarctic global SLR contribution 
under Pliocene SLR model training 
constraints.   (Deconto and 
Pollard 2016 Fig 5) 



 

     SLR probabilities under 3 different climate scenarios 
    San Francisco, California 
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     SLR probability envelope from 3 different climate scenarios  
  Probabilistic Estimates of SLR  through 2200    San Francisco 
 

Note change of scale 
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Extreme tail of sea level distribution  

-top 0.01% of all 
hourly values (either 
absolute or 
anomalous) 

 

-on average, that’s 
about 1 hour every 14 
months 

Extreme 

Values 

  
range of Sea Level  ~3m 
during the last 4 decades 
 
very highest SL’s  >1.2m above mean  
  



Short Period Sea Level Forcing 



 Extreme high sea levels often, but not always 
coincide with extreme high astronomical tide 

• Along southern California coast, 
most extreme sea levels occur 
during peak astronomical tides. 
 

• But along northern California 
coast, extreme sea levels are 
often not during peak 
astronomical tides.   In other 
words, heavy weather conditions 
drive the majority of extreme sea 
level events in the north. 
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      Extreme sea level occurrences La Jolla 
      observed at or above 99.99% historical hourly threshold 1.41m above mean 

                          

Highest sea levels have mainly 

occurred in just a few years,   

esp large El Niños   (e.g., 1983) 

1983 



Projections of Hourly Sea Level Height at California Tide Gage sites 

Combination of: 
 
•  Astronomical Tide  
 - well known and easily obtained   
 -  assume same constituents as today 
 
•   Global Sea Level Rise (SLR) 
 - use range of assumed SLR trends based on recent studies 
 
• Include Regional SLR effects 

– Vertical land motion 
– -gravitiy. 

 
•   Oceanic/Atmospheric Contribution (storms, El Nino, regional climate) 
 - use climate model projections of atmospheric and oceanic conditions 
       (2 emission scenarios RCP4.5 and RCP8.5) 
 - in synch with GCM weather 
 - relate to sea level using historical observations 
 
 



   California 4th Climate Change Assessment and CASCaDE 
 

probabilistic scenarios of SLR:  50th, 95th, 99.9th %ile SLR 
for RCP 4.5, RCP 8.5    
 

short period forcing from 8 GCMs 
 

hourly SL Projections 1950-2100 9 sites   
       does not include wave height or wave run- up  
 



 NRC Committee scenario:   

SL rises ~1m during 2000-2100  
 

 hourly extremes increase along with    

mean sea level. 

Historical 99.99% threshold 

Projected  

 Cayan, D.R., P.D. Bromirski, K. Hayhoe, M. Tyree, M..D. Dettinger and R.E. Flick  2008: Climate change 
                            projections of sea level extremes along the California coast.  Climatic Change, 87, (Suppl 1):S57-S73,  

NRC “Committee” SLR 

 hourly SL modeled to contain astronomical tide, weather, ENSO and secular rise .  



 Key Points 

• Scenarios for California 4th Assessment and CASCaDE,  “probabilistic”, dependent 
upon global emissions pathway, aligned with GCM simulations, hourly 1950-2100 

         These Scenarios do not replace the State of California Sea Level Guidance 

                SL projections will be available on Cal-Adapt or contact Cayan or Kalansky 

• Sea-level in California (south of Cape Mendocino) expected to rise considerably by 
2100, about the same as global sea-level rise.  Considerable variability across 
weather-multi-decade time scales in addition to secular GHG-forced rise  

•  SLR literature and findings are rapidly evolving  ==>  uncertainty in forcings,  
processes, rates 

• In short range, greatest problems when large winter storm coincides with high tide.   
      Historically, highest sea level and wave events have happened preferentially in El  
      Niño years.   SLR will magnify the adverse impact of storm surges and high waves.  

 
 

• SLR uncertainty grows in future, especially the upper tail.     But earth is committed to 
SLR , probably for many centuries. 
 

• There are a wide range of projected SLR (1’ to more than 6’ by 2100) ,  so an 
adaptive strategy for preparation seems prudent.  17 




