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Scenario: California Climate: Pacific Ocean Connection
Topic(s): Atmosphere, Climate, Oceans, Weather

Scenario: The 1999-2009 period has been remarkably dry in California and the Southwest with these regions subjected to one of the worst droughts in an approximately 500-year record. Historic low water levels in several Colorado River reservoirs mark this period. These low levels are of concern as these reservoirs remain a major source of water for California and other western states. Another major source of California water is the Sierra Nevada snowpack. Warming has led to earlier snowmelt and water runoff in these mountains, which means less water remains to meet the Golden State's needs for the dry summer season. California imposed water rationing in summer of 2009. In Los Angeles County, residents could only use lawn sprinklers on Mondays and Thursdays, after 8 at night and water fees increased in many areas of the county. But its not just getting drier in California, it's also getting hotter.

As California temperatures climb, heat waves have become more frequent. In 2006, over 160 Californians died in a brutal July heat wave. In metropolitan Los Angeles, the frequency and duration of heat spells over the last 100 years have increased dramatically. Overall, most California urban areas show much faster warming than the state itself due to a phenomenon called the urban heat island. The urban heat island (UHI) results from the urban core of cities being warmer than their surrounding rural areas because of the changes in surface properties such as more heat absorbing materials like asphalt, concrete and glass.

Increased temperatures may also be responsible in part for an increased frequency of wildfires. Major wildfires have blackened large areas of California in recent years. The August 2009 Station fire occurring in the mountains just north of Los Angeles was the largest wildfire in the county's history. The constant smoke and falling ash made breathing difficult and not unsurprisingly the air quality over large portions of the Los Angeles area was very unhealthy. The 2003 Cedar fire near San Diego, California burned nearly 144,000 acres, the largest blaze in the state's history. In 2007 the state totaled the most acres burned with over 440,000. Research shows wildfire damage continues to increase in the western U.S. 

Many people tend to attribute increased temperatures and fires, and a more persistent drought in California to global warming. However, global warming may not be the only cause for these events. Strong evidence exists suggesting that natural changes in the Pacific Ocean may have an even greater influence on state temperatures and precipitation. One such large-scale natural oceanic feature impacting California climate is the Pacific Decadal Oscillation (PDO). The PDO is characterized by cool or warm phase shifts in North Pacific sea surface temperatures which commonly persist for 20-30 years. In the cool or negative phase, east Pacific sea surface temperatures (SSTs) are below normal. For the positive or warm phase, east Pacific SSTs are above normal. Cool or negative PDO phases occurred from 1890-1924 and from 1947-1976. Warm or positive phases typified the periods from 1925-1946 and from 1977 through the mid-1990's. Climate records in California show similar shifts in temperature and precipitation as the PDO changes phases. Generally, warm PDO years correspond to warmer California temperatures and above normal southern California rainfall. The opposite generally occurs with the cool PDO years. Other natural events also influence California climate. 

Superimposed on the PDO cycles are smaller-scaled El Nino/La Nina events persisting for approximately a year. These events are typically defined as significantly warmer or cooler than normal sea surface temperatures in the central and eastern equatorial Pacific. Climatic impacts associated with La Nina events are similar to those tied to the cool PDO phases. Conversely, climatic conditions related to El Nino episodes parallel those of warm PDO phases. At the same time, the oceanic changes producing El Nino/La Nina events are interrelated with Pacific atmospheric changes termed the Southern Oscillation (SO). The SO is a phenomenon where surface air pressure in the western and eastern tropical Pacific oscillates in opposite directions, i.e., as one increases the other decreases, and visa versa. 

Climatic impacts associated with cool PDO phases are similar to La Nina events and those associated with warm PDO phases parallel El Nino episodes. Southern California climate is significantly modified by these interannual and interdecadal climate shifts. In general, warm PDO years corresponds to warmer California temperatures and above normal southern California rainfall. The opposite generally occurs with the cool PDO years. 

Task:
Your group comprises Arnold Schwarzenegger's Climate Action Team (CAT), which consists of consultants from various state departments. CAT is charged with evaluating the impacts that climate change is having on the state (i.e., economy, resources, human health) now as well as in the near future. Your task is to help present a concise report about how the state's climate is changing and what effects these changes may have on the state's resources (water, energy, forests and agriculture). Your report is crucial to informing state managers and policy makers, including the Governator. 

 

Date: 8/26/2009 
	Scenario Images 
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California is warming, but the rates of warming (degrees F per decade) vary by region, with the more urban (shown as grey areas) southern regions warming the fastest and rural regions the slowest. Large urban centers like Los Angeles have shown the greatest increases in temperatures. Source: LaDochy et al, 2007 .
Enlarge image by clicking here. 
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Although the urban heat island effect is evident with over 5 F warming, the PDO signal can be seen when smoothing the data (see blue line). Individual El Nino years show up as peaks, while La Nina years are often dips in the record.
To see figure enlarged click here.
Source: http://www.jpl.nasa.gov/news/news.cfm?release=2007-035 
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Annual water years (July 1-June 30) rainfall in coastal southern California does not show any marked change over the last 100+ years. However, strong El Nino years show up as peaks, while La Nina years are generally dips. The smoothed running mean shows the PDO influence with lower rainfall during cool phases and higher rainfall during warm phases.
Source: http://www.wrcc.dri.edu/monitor/cal-mon/frames_version.html 

[image: image4.jpg]



This 1976 photo shows cracking, dry lakebed near Folsom, CA. With water demands growing along with population, droughts pose the greatest threat to the state's water resources. Source:http://www.water.ca.gov/newsroom/photo/drought.cfm 
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Satellite image of October 27, 2003 southern California wildfires. Dry weather and strong Santa Ana winds contributed to massive damage.
Source: http://rapidfire.sci.gsfc.nasa.gov/gallery/?2007295-1022/California.A2007295.2100.1km.jpg 
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Typical wintertime Sea Surface Temperature (colors), Sea Level Pressure (contours) and surface windstress (arrows) anomaly patterns during warm (on the left) and cool phases (on the right) of PDO. 
See enlarged image .
Source for image: http://jisao.washington.edu/pdo 
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20th century PDO "events" persisted for 20-to-30 years, while typical ENSO events persisted for 6 to 18 months. The "cool" PDO regimes (in blue) prevailed from 1890-1924 and again from 1947-1976, while "warm" PDO regimes (in red) dominated from 1925-1946 and from 1977 through the mid-1990's.
See enlarged image . 
Source: http://jisao.washington.edu/pdo/ 
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The 1997-98 El Nino was the strongest of the century, with dramatic climatic impacts around the world. The red and bright white areas over the eastern equitorial Pacific indicate the immense area of unusually warm water.
Source: http://www.jpl.nasa.gov/earth/ocean_motion/el_nino_index.cfm 
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Following the largest El Nino of the century was a very strong La Nina event in late 1998 and early 1999. Climatic conditions nearly reversed from the previous year. 
Source:http://www.nasaimages.org/luna/servlet/detail/NVA2~14~14~33538~124620:TOPEX-La-Nina 
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The Southern Oscillation Index measures the magnitude of the surface air pressure difference between the tropical western and eastern Pacific. When the SOI is negative, conditions favor the development of El Ninos, while positive SOI values favor La Nina events.
Source: http://faculty.washington.edu/kessler/ENSO/soi-1950-98.gif 




