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1. Introduction 

     Boundary layer atmospheric conditions over the Southern California Operating Areas are fairly homogenous during summer months.  A fairly well mixed marine boundary layer dominates the offshore waters south of the channel islands with large-scale subsidence associated with upper level ridging providing the cap for the boundary layer.  A relatively cool, moist and cloudy air mass dominates the majority of the observations with general clearing from the shore as daytime heating progresses.  With little horizontal temperature gradient over the ocean the marine layer generally remains stable with occasional breaks in the cloud coverage for a few hours, usually less than six hours.  Occasionally atmospheric surface conditions and cloud coverage change with no apparent signal in the surface parameters.  With a persistent synoptic surface pattern in place, events outside the boundary layer must be occurring to influence the strength of the inversion and interaction with the stable marine layer.

2.  Background for case study

     Operational Meteorology and Oceanography class, OC3560, leg 2 was underway from 18JUL-22JUL aboard Research Vessel (R/V) Point Sur.  The class embarked R/V Point Sur at Port Saint Luis, Californina, conducted oceanographic and atmospheric data collection south of the California Channel Islands and returned to port in Santa Barbara, California.  While underway, around the clock operations included Conductivity/Temperature/Depth measurements, Water sampling, Acoustic Doppler Current Profile measurements, Surface observations, Upper Air observations and Evaporative Duct measurements.

     During the cruise surface parameters remained relatively unchanged with brief periods of clearing returning to overcast conditions at nearly the same time of day on 19JUL and 20JUL. As seen in the long-wave radiation curves in figure 1, on 21JUL partial clearing continued into near total clearing, remaining mostly clear through the night and into 22JUL.  There was no indication in the surface observations to give rise to continued clearing on 21JUL (discussed setion 5).  However, post processing of the upper air observations give indication of effects occurring above the marine layer which precedes the modification of the marine layer cap.

3.  Coastal California General Synoptic Pattern

Upper Level

     Weak upper level ridging dominates the southern three quarters of coastal California and offshore waters from late May through mid October, weak upper level winds and subsidence dominate the region.  The polar front jet, located in central and southern Canada during this period relocates, on occasion, as far south as northern California during this period.

Surface

     From late May through mid October the subtropical ridge centered over the eastern pacific, north of the Hawaiian Islands dominates the maritime environment.  Through this time period weak to moderate thermal troughing sets up along coastal California as a result of the heating of the inland valleys.  This troughing interacts with the subtropical ridge to provide brisk northwesterly flow along the coastal waters.  Occasionally the thermal troughing moves offshore as the high weakens or shifts westward bringing southeasterly flow along the central and southern portions of California. 

4.  Case Study Synoptic Pattern

Upper Level

     A weak 500 millibar (mb) shortwave trough located over northern California at 19/00Z slowly moves northeast across the northern Rocky Mountains into eastern Montana by 22/00Z.  A weak 500mb trough over the Hawaiian Islands at 19/12Z moves east over the coastal waters of California and develops into a closed 5820 meter 500mb low east of Monterey Bay by 22/00Z.  Weak positive vorticity advection with the 500mb low transits across the Channel islands 21/12Z through 22/00Z.

Surface

     A 1030mb High over central eastern Pacific Ocean at 19/00Z remains quasi-stationary and slowly builds to 1034mb by 22/00Z.  Moderate troughing associated with 1009mb thermal low over south central California at 19/00Z interacts with the subtropical ridge increasing the pressure gradient, resulting in gale force winds across portions of coastal California.  The thermal low fills to 1014mb weakening the coastal gradient through 22/00Z. 

Surface Conditions aboard R/V Point Sur

     Figure 1 depicts surface conditions continually recorded by onboard sensors.  Wind speed, wind direction, temperature, dew point, and sea level pressure were cross referenced with hourly observations to ensure data quality.  Shortwave irradiance and longwave irradiance data quality were inferred through sunrise/sunset and observed cloud cover, respectively.  Figure 2 is the GOES-10 visible satellite imagery at 22Z on 20JUL and 21JUL depicting the dramatic change in cloud coverage in the central and southern California offshore waters.
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Figure 2 (20/22Z upper panel, 21/22Z lower panel)

5.  Upper Air Observation Analysis

     Upper air (UA) observations were conducted using Viasala Omega Rawindsondes at 20/22Z, 21/15Z and 21/22Z.  Post processing of the data, conducted by Professor Peter Guest, extracted temperature, potential temperature, dew point, specific humidity, pressure and height values.  MATLAB programs (enclosures 1 and 2) were written to plot potential temperature, specific humidity, temperature and dew point versus pressure.  Potential temperature and specific humidity were chosen as the variables of choice in the analysis as these variables are conserved properties.   Figures 3A-C are the MATLAB plots produced through enclosure 1 for the UA observations discussed above.  Multiple lines on theses figures indicate the sounding recorded data on both the up and down cast.

     The 20/22Z UA observation indicates a strong inversion, with a base near 940MB and a well-mixed layer moist layer to the surface.  21/15Z UA observation depicts a modification of the moist marine boundary layer. The inversion base has risen to 900mb and the strength, indicated by the slope of the temperature curve between 900mb and 875mb, has weakened.  The boundary layer is slightly less well mixed than in the 20/22Z sounding as indicated by the slope of the potential temperature curve between the surface and 900mb.  An interesting point, which will be discussed in section 6, is the increase in specific humidity in the boundary layer indicated on the 21/15Z sounding.  This increase was not expected.  As the inversion layer rises, with no entrainment mixing across the inversion layer, the specific humidity would remain nearly constant or slightly decrease.  The UA sounding from 21/22Z shows a strong modification of the environment, not only in the boundary layer but also in the lower troposphere as seen in the complexity of the plot curves.  The strong inversion in the 21/15Z sounding has been replaced by two weak and shallow inversions.    Also notice a drying of the boundary layer from the surface to 950mb as indicated by the decrease in specific humidity and the increase in the temperature 

20JUL02  2200Z Upper Air Observation
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Figure 3A

21JUL02  1500Z Upper Air Observation
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Figure 3B

21JUL02  2200Z Upper Air Observation
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Figure 3C

and dew point spread through the column. Discussion of this modification and complex sounding will follow in section 6.

6.   Discussion of the Modification of Upper Air Observations

     Close analysis of figure 1 does not provide reason for modification of the boundary layer over the period 20/22Z-21/22Z, the associated change of sky conditions, or in the change in upper air observations.  Modification of the boundary layer from 20/22Z-21/15Z occurs through a weak upper level trough moving across the Channel islands which weakens the strong subsidence.  Indications of this are provided through figure 4, a composite of potential temperature curves through the time period (slope of the potential temperature curve for 20/22Z and 21/15Z are nearly identical from the surface to their respective inversion heights).  This weakening of the subsidence enabled the marine boundary layer to deepen.  Also note the specific humidity also increased during the same time period.  This may indicate an introduction of a new airmass into the region of an increase in wind speed, sea height or sea surface temperature.  The latter three would provide an increase in moisture flux from the ocean.  However, changes in wind speed or sea height were not evident in the surface observations.  The two-degree increase in sea surface temperature gives an indication for increasing evaporation and a resultant increase in moisture flux from the ocean.  

     Modification of the boundary layer from 21/15Z-21/22Z is much more complex.  While the weakening of the subsidence over the previous 17 hours resulted in a deepening of the boundary layer it did not provide much entrainment mixing across the inversion.  The increase in potential temperature and decrease in specific humidity in the boundary layer (from 21/15Z-21/22Z), as seen in figure 4, indicates the intrusion of warm dry air from above as a result from entrainment mixing.   This mixing is one reason we see a flatter potential temperature curve through the 
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Figure 4
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Figure 5

boundary layer, but does not provide an explanation for an expected reciprocal cooling of the upper levels above the previous inversion base.  The NOGAPS 700-925mb heights and 850mb winds in figure 5 provide justification, as weak warm air advection from upper level southeast winds offset the associated cooling expected by entrainment mixing from below.  Figure 6 depicts UA wind observations generated through enclosure 2.  The UA observation supports upper level southeast winds, providing weak warm air advection through veering winds and shallow cold air advection near the surface through backing winds over the channel islands.   The NOGAPS sea level pressure and 1000-500MB geopotential thickness in figure 7 indicates weak to moderate cold air advection which gives rise to the complexity of the potential temperature curve from the surface to 950mb.  Analysis of this layer and the upper level processes occurring 
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Figure 6
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Figure 7

would indicate a constant potential temperature slope of +1.0K/12MB.  Due to cold air advection near the surface a near constant isothermal layer begins to form by 21/22Z from the surface to 960MB offsetting the entrainment mixing occurring above. 

7.  Conclusion

     Coastal mountains, cold offshore ocean currents, inland valleys and desert regions provide a dynamic marine environment along coastal California.   Dynamic forces acting in tandem or opposition is constantly occurring providing an ever-changing atmospheric environment.  As seen in the 24-hour case study, weak dynamic forcing at multiple levels, undetectable at the surface, significantly changed the boundary layer profiles.  UA observations, vertical profilers and application of remote sensing techniques will continue to allow scientists to evaluate the complex and highly variable coastal environment and provide insight to boundary layer mechanics.
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%JA Okon

%MR/OC3570

%file located in ~/jaokon/OPMETOC/ua.m

%

%This program loads process digicor rawindsonde data, plots temp,dewpoint theta and specific humidity against pressure for the following UA datetime groups 20/22Z, 21,15Z and 21,22Z

load 072022ZUA.mat

figure
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plot(tmpc,pres,'b')

hold on

plot(dwpc,pres,'r')

axis ij
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axis ij
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axis ij
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clear
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%MR/OC3570

%file located in ~/jaokon/OPMETOC/ua3.m

%

%This program loads process digicor rawindsonde data, speed 

%and wind direction against pressure for the following UA 

%datetime groups 20/22Z, 21,15Z and 21,22Z
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figure
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