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Ocean 
Land 
& Sky  
Trends  
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Cloud Condensation Nuclei (CCN) 

Photo: Wayne Papps 
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Cloud Condensation Nuclei (CCN) 

Figure: Veronica Vaida, CIRES  
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Marine Layer capped by 
Subsidence Inversion in Summer  

Lifting 
Condensation 
Level 

Prof Joel Michaelson,  UCSB lecture notes 
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Coastal Fog Drivers: 
Subsidence 

Ocean Condition 
Cloud-top radiative cooling 
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Poleward Migration of Hadley Cells 



Wind and Waves 

12 www.earth.nullschool.net 






Air and Ocean Temperatures 



What have we observed? 

• Warming Ocean (+ 2 oF) 
• Poleward expansion of Hadley Cells 
• Less fog 
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Johnstone and Dawson, 2010 
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Slide courtesy of Travis O’Brien, LBL 



RegCM-UW Fog Model  

Travis O’Brien’s model results (2012) also show long-term declines in fog 
driven by 1) surface pressure that 2) increased off-shore flow, that 3) dries 
the marine boundary layer and 4) lifts the fog deck.  Increasing SST from a 
would further reduce fog formation but perhaps be offset by Central Valley 
warming. 

O’Brien et al (2012) www.geosci-model-dev.net/5/989/2012/ 
and O’Brien et al (2012) Climate Dynamics 
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Advection 
Fog 

Landsat July 29, 2010 
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GOES-derived 
Fog and Low 
Cloud 
Frequency 
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Low Cloud 
Hours/Day 
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1 – Eureka/ Humboldt Bay,  
2 – Cape Mendocino,  
3 – Pt Arena,  
4 – Petaluma Gap,  
5 – Pt. Reyes,  
6 – Montara/ Half Moon Bay,  
7 – Año Nuevo,  
8 – Monterey Bay,  
9 –  Salinas Valley,  
10 – Big Sur Coast,  
11 – Pt. Arguello,  
12 – Los Osos Peninsula 
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Torregrosa et al. in review 



Bodega –Pepperwood Transect  
Summer 2012 Pilot 

Bodega Marine Lab 

Pepperwood Preserve 



Quantifying Fog Impact on Monthly 
Temperature 

Tomales Bay  p < 0.001  

Slope =0.49 

Cotati p = 0.005 

Jenner Not Sig. Napa p = 0.68 

Slope =0.45 

Slope =0.31 
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Each additional 
fog hour per 
day equals a 
temperature 
decrease of  
0.4oC, on 
average across 
sites.  For Santa 
Rosa that’s 
equal to 2100 
projections. 



Prof. Dan Fernandez (CSU Monterey Bay) at the Big Sur fog collector site. 
Some fog events at this site produce 5 gallons of water per day per m2  



Small                                                           Large 

Fog Droplet Size 

Large droplets form from brine cores becoming 
smaller after chemical reactions such as with 
sulfates and other combustion products 

Tom Lee, Naval Research Lab, GOES 
derived fog size product. 



Fog Droplet Size and Number 
Monitoring 
Sites/Partners 

- USGS WGSC 
- USGS Reston 
- GSU 
- Pepperwood 
- CSUMB 
- Naval RL 
- UC Davis 
- Bodega ML 

NRL 

GSU 
M. Scholl, USGS 



Measuring Mercury in Fog 
Peter Weiss-Penzias  
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7 sites along CA coast from 
Trinidad Head to Big Sur 



Liquid Water Content & Fog-
Groundwater (using Isotopes) 
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Urban effect on stratus 
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Pt. Reyes 

Monterey 
Bay 

San 
Francisco 

San Jose 
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Difference  in 
Tmax 

between 30 
year 

averages 
(1980 - 2009) 

minus  
(1950 - 1979)  

 Terrestrial 
Biodiversity 

Climate Change 
Collaborative 

(TBC3) 
 

Δ oC 
 

Weiss, Flint, Flint, et al. 2013 



Lives and 
Livelihood 

Threatened by 
Heat Waves 
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Number of deaths attributed to the 
11-day-old heat wave, by county
Temperatures as of 4 p.m. Tuesday
80o 90o 100o

Authorities in Modesto 
found the bodies of two 
elderly men in separate 
apartments in the same 
housing complex.

In addition to the 
human toll, officials said 
the heat has killed 
thousands of dairy 
cows in the Central 
Valley, depressed milk 
production, and put 
crops such as walnuts 
and peaches at risk.

Source: County Coroners, FSA, USGS.

Chronicle graphic by Joe Shoulak  

2006 July 
Heatwave 



Wine growers benefit 
http://petalumagap.com/ 
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