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ABSTRACT





The forecast protocol and episode selection for intensive field monitoring operations was critical to the success of the 1997 summer Southern California Ozone Study - NARSTO.  The forecast team of the Meteorological Working Group conducted daily forecasts for maximum ozone and transport to provide field managers with appropriate lead time and guidance to initiate an intensive operation period (IOP).  The program utilized forecasters from all of Southern California’s air quality agencies, the California Air Resources Board and the U.S. Department of the Navy to develop a consensus regional ozone prediction.  The results of the forecast operation netted five multiple-day episodes where intensive monitoring was conducted.  This data base will serve as the basis for regional photochemical modeling of meteorological episodes for future air quality management plans.





INTRODUCTION





The summer long 1997 Southern California Ozone Study-NARSTO (SCOS97) field monitoring program was designed to provide a comprehensive data base that would become the standard for regional modeling and transport assessment for the late 1990’s and beyond.  SCOS97 took a two-pronged approach to field monitoring:  first, rely on an enhanced fixed monitoring program:  then, on a forecast basis, utilize intensive day-specific monitoring to capture unique profiles of surface and upper air quality and meteorology.  The base network was comprised of air quality and meteorology monitoring which was routinely sampled by the five regional air monitoring agencies in Southern California, the U.S. Department of the Navy (Navy), the Federal Aviation Administration (FAA), the National Weather Service (NWS) and supporting local meso-networks.  The fixed monitoring network was further enhanced by supplemental surface air quality monitoring stations and by an extensive array of radar wind profilers with radio acoustic sounding systems, and Doppler sodars.  Forecast-initiated intensive operation period (IOP) monitoring included aircraft traverses, rawinsonde and ozonesonde launches, inert tracer releases and detailed chemically speciated sampling of hydrocarbons, oxides of nitrogen and particulates.





The scope of data acquired from the SCOS97 enhanced continuous in-situ fixed monitoring network provided a comprehensive improvement over the collective monitoring conducted in previous field programs.  The design of the IOP sampling was to provide the additional level of background information needed to support regional air quality modeling simulations and to uniquely quantify individual meteorological episodes.  As a consequence, the success of the SCOS97 was contingent on the ability to identify and forecast meteorological episodes which led to the formation of high concentrations of ozone in the South Coast Air Basin (SoCAB) and transport downwind to the neighboring Mojave Desert Air Basin (MDAB), South Central Coast Air Basin (SCCAB), and San Diego Air Basin (SDAB).  This task fell upon the Forecast team of the Meteorological Working Group of SCOS97.





FORECAST TEAM





The SCOS97 Forecast team was comprised of meteorologists from the California Air Resources Board (CARB), U.S. Navy at Pt. Mugu, South Coast Air Quality Management District (SCAQMD), San Diego Air Pollution Control District (SDAPCD) and Ventura County Air Pollution Control District (VCAPCD).  (Individual members are listed in Table 1).  Each of these local Southern California air pollution control agencies maintains a daily air quality forecast program specific to their air basin.  The SCAQMD also provides daily forecasting for the MDAB  and northern Salton Sea Air Basin which are directly downwind of the SoCAB.  The expertise of Navy forecasters is centered on assessing the potential for along shore transport of smog and the detailed characterization of  offshore meso-meteorological phenomena in the Santa Barbara Channel, Santa Monica Bight, San Pedro Channel and the Gulf of Santa Catalina.  The CARB meteorologists provide daily statewide air quality forecasts with a focus towards controlled burning and inter-basin transport. 





The team was established in 1996, and began practice forecasting during that summer.  The goal of the practice forecasting session was to bring the different forecasters together with a common focus, evaluate the effectiveness of forecast methodologies and make recommendations for real-time intensive forecasting for the 1997 field study.  The practice session was a valuable tool in establishing clear lines of communication and providing a forum to reach consensus.  One of the major benefits of the 1996 practice forecast session was that it identified an emerging problem with the existing objective SCAQMD prediction model.  





In the spring of 1996, Phase II reformulated gasoline became a standard in California.  Significant overnight emissions reductions were associated with the introduction of the new fuel (CARB, 1996).  The rapid reduction in emissions forced the objective empirical prediction model into a mode of over-prediction.  As a consequence, a set of new site-specific ozone and PM10 empirical algorithms were developed over the following winter (1996-97) to adjust the prediction to compensate for the new emissions profile.  The resulting prediction model was operational for the beginning of SCOS97 (Cassmassi, 1998) and it provided an expanded prediction capacity for all of Southern California.





�
EPISODE SELECTION





A set of criteria was defined to identify the desired meteorological episodes for consideration as IOPs.  An overview of identified scenarios is shown in Table 2.  These included a potential worst case meteorological stagnation episode which would lead to a SoCAB annual maximum concentration, and four additional episodes to quantify the transported contribution of SoCAB emissions and ozone to the adjacent air basins.  Each of the five episodes was assigned a classification type and an expected window of occurrence during the 5-month field program.  Fujita, et al., (1996) provides a comprehensive description of the five meteorological episodes.  A brief summary of the episodes selected follows.





	Type 1 Episode:  Characterized by a well established ridge of high pressure over California, weak onshore or stagnant wind flow, abundant insolation, a shallow marine layer capped by a low-level coastal subsidence inversion and warm surface temperatures.   SoCAB ozone concentrations for this scenario were expected to be in the top 5 percentile.





	Type 2 Episode:  Characterized by elevated transport of either ozone or precursor emissions in a layer approximately 500 to 1000 m above the surface along a transport route paralleling coastal Orange and San Diego counties and inland parallel to the Santa Ana Mountains.  The general meteorological profile is similar to Type 1, but requires mixing of the surface emissions aloft either as a function of fumigation, convective mechanical mixing or inversion rupture.  





	Type 3 Episode:  Characterized as an east SoCAB secondary maximum episode with transport to the MDAB and SSAB.  The general meteorological profile is similar to the Type 1 event with the exception of a strong onshore pressure gradient and SoCAB maximum ozone concentrations in the top 20 percentile.





	Type 4 Episode:  Characterized by southerly flow in the marine layer with transport along-shore to the north.  The typical transport route is through the San Fernando Valley  but also occurs under neutral surface pressure gradients as flow spreads both north and south along the coast.  This episode typically occurs at the termination of a Type 1 event.





	Type 5 Episode:  Characterized by a strong offshore flow tendency and transport of ozone and precursor emissions in a shallow marine layer to the SDAB.  Temperatures in the SoCAB during this late-summer event often reach inversion breaking.





�
FORECAST PROTOCOL





A two-tiered forecast protocol was employed by the SCOS97 field program; first, to identify meteorological episodes for the intensive monitoring and second, to relay the information to the Field management team and others (Hering and Croes, 1997).  Table 3 depicts the timeline of the forecast protocol for SCOS97.  





A two-day minimum notification lead prior to an IOP was needed for equipment preparation and to allow participants to make travel arrangements to Southern California.  A day-in-advance confirmation of the predicted meteorological profile and expected ozone was required before the IOP was launched.  To meet these needs, the forecast was required to provide a detailed prediction of the same-day, day-in-advance and two-day expected ozone and meteorological profile for Southern California.  In addition, each forecast included a three-day prediction to indicate the direction of the ozone trend (either up, down, or continuing) to provide the management team with an estimation of the likeliness of an extended IOP.  





To meet the notification lead time requirements for the field operators and contractors, a tight schedule was dictated:  the Field management team was required to make a Go/No Go decision by 4:00 p.m. PDT daily.  As a consequence, the forecast needed to be completed by 3:00 p.m. to provide the management team with the supporting forecast information.





A 2:30 p.m. PDT daily conference call brought together the forecast team whose members consisted of staff from the SCAQMD, SDAPCD, VCAPCD, Navy and ARB.  As a practice, the duties of lead forecaster were circulated on a weekly basis amongst the staff of the three districts and the Navy.  The 2:30 PDT forecast time was selected to provide the individual forecast teams with access to the evolving ozone trend and the latest output from the 0500 PDT (1200 UTC) National Weather Service (NWS) numerical model simulations.  The forecast discussion was conducted in three phases:  (1) weather discussion and preliminary forecast, (2) group discussion and consensus forecast modification, and (3) extended outlook.  Prior to the discussion, a preliminary forecast based on the SCAQMD objective model was faxed to each of the forecast groups along with an initial forecast summary.  The forecast team members held discussion until a consensus was reached or a failure to agree was logged.  The decision was then finalized and relayed to the Field management team.  An example of the forecast summary for August 4, 1997 is presented in Figure 1.





The daily management conference call took place at 3:00 p.m. PDT following the forecast team’s discussion.  It was the task of the forecast team leader to provide to the field management team a brief discussion of the weather forecast and the potential for an IOP.  The forecast team leader provided sole representation for the forecast group at the field management table.  The use of one representative was to ensure continuity in the presentation of the forecast message.  In the event that the forecast team leader could not participate, a member of the ARB forecast team was designated to step in.  The field management team consisted of members of the SCAQMD, SDAPCD, VAPCD, Navy, and ARB.  The go/no-go decision was based on the air quality forecast and the daily update of field readiness.  Unlike the preceding SCAQS field program, the initiation of an IOP was not dependent on a set threshold for predicted ozone air quality.  The initiation of an IOP was contingent upon a consensus of the field management team.  The outcome of the go/no-go decision was relayed by telephone, and posted on the SCOS97 Internet home page as well as on a telephone billboard.





If a Go for an IOP was decided, the forecast schedule dictated an early morning 0930 am PDT update of the forecast and a 10:00 am conference call to verify the go status.  Regardless of the Go/No Go decision, the forecast team was directed to meet later in the day to discuss the future outlook.





SCOS97 OPERATIONAL





The forecast team began its operational phase in May of 1997, expanding to continuous daily forecasts and conferences with the management team beginning in June 1997.  Two stand-down periods were specified for the summer period:  July 4th weekend and Labor day weekend.  One consideration was that the holiday traffic patterns would be significantly altered from normal and that mobile source emissions profiles would be difficult to recreate. A second consideration was to provide a predetermined break for the field teams to rest and conduct equipment maintenance.





The summer forecast program was faced with a major meteorological phenomenon -- the warm phase the of 1997-98 El Niño Southern Oscillation-ENSO.  While the development of an “El Niño” was forecast by the majority of long range climatic predication methodologies (NOAA, 1996), the timing and strength of the phenomenon was not accurately estimated.  Sea surface temperatures warmed rapidly in the equatorial Pacific earlier than expected, influencing the temperature of the mid-latitude waters adjacent to the West Coast.  By the late spring of 1997, a pool of warm water was positioned off the coast of Southern California.  This warm water acted as a magnet to upper-level low pressure, creating a semi-permanent trough offshore through most of the summer.  The impact to observed weather and air quality was significant.





During June, the trough dominated the weather patterns, keeping the area uncharacteristically unsettled.  The average temperature at 850 mb (1500 m) over Southern California indicates stability with increasing warmth.  During June, the average 850 mb temperature was 12.0 oC, approximately 6.0 oC below the June long-term normal.  Figure 2 illustrates the upper level wind pattern observed over the west coast of the U.S. during SCOS97.  Corresponding ozone levels were low throughout the first three quarters of the month of June.  However, by the end of July and the beginning of August, a stronger than average monsoon flow developed over the area.  While occasional periods of stagnation were evident in Southern California, these periods were often accompanied with subtropical moisture advection, high minimum temperatures, and southerly flow.  This pattern continued through September and was punctuated by the movement of three tropical storms up the western coast of North America during a six-week period.  The instability and clouds associated with the tropical storms suppressed ozone formation in Southern California for a period of at least one week.  Even when the storm influence dissipated, upper-level moisture advection was a constant threat to the daily forecast and the initiation of an IOP.





RESULTS





A total of five multiple-day IOPs were initiated during the five-month field study.  Figure 3 presents the SoCAB daily maximum 1-hour average ozone observed during SCOS97 identifying the IOPs.  While the data presented do not reflect transport impacts, the SoCAB maximum is representative of the ozone potential in Southern California.  What stands out from Figure 3 is that the July 4th weekend exhibited the peak concentration that occurred during the field program.  Maximum concentrations in the SDAB and SCCAB also reached a summer peak on this weekend.  What is not shown in the diagram is that a major wildfire occurred in the foothills of the San Gabriel Valley which filled the SoCAB with smoke and particulates.  The Labor Day weekend also exhibited a minor ozone peak but the question of emissions certainty was again an issue.





Table 4 presents the summary of the SCOS97 IOPs providing the day of week, episode type, and the maximum 1-hour and 8-hour averaged ozone concentrations for the study region.  Four of the episode types were observed and captured by the field program.  Only episode type 5 was not observed during the summer study period as a formal IOP.  Two additional periods, September 22-23, and October 30-November 1, were added to the study for potential modeling consideration for impacts to the Santa Barbara portion of the SCCAB and surface transport to the SDAB, respectively.  





Overall, SCOS97 captured monitoring data for the SoCAB’s 1997 second and third highest 1-hour maximum concentrations, the SCCAB peak (Santa Barbara) and second highest (Ventura) concentrations, the SDAB second highest ozone concentration and a range of high concentrations for the MDAB and SSAB (Imperial County).  Furthermore, the distribution of days of week will provide a foundation for analyses of the weekday/weekend effect in Southern California.  





Figure 4 shows the distribution of maximum 8-hour average ozone concentrations observed in the SoCAB during SCOS97.  The peak concentrations occurred during July 4th when the widefire raged and again during the Labor Day weekend.  The maximum 8-hour average concentrations observed during the IOPs occurred immediately after those events.  When consideration of the form of the new federal standard for 8-hour average  ozone (4th highest annual value averaged over three years) is taken into account, the meteorological episodes captured by the IOPs appear to represent the required distribution of days needed for future compliance modeling analyses.
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�
Table 1	Intensive Operating Period (IOP) episode types.





Type�
Episode Characteristic�
Expected Occurrence�
�
1�
SoCAB Basin Maximum�
June-Sept�
�
2�
Elevated transport to SDAB�
July-Oct�
�
3�
SoCAB Second Maximum/ transport to MDAB�
June-July�
�
4�
Southerly flow/ coastal eddy transport to SCCAB�
July-Sept�
�
5�
Offshore transport to SDAB�
Sept-Oct�
�






Table 2.	Forecast team members.





Organization�
Forecaster�
�
SCAQMD�
Joseph Cassmassi -- Team Leader�
�
�
Bruce Selik�
�
�
Kevin Durkee�
�
CARB�
Steve Gouze -- Alternate Team Leader�
�
�
Percey Edwards�
�
�
Joe Hennessey�
�
�
Erich Linse�
�
�
Bruce Jackson�
�
�
Bill Wilson �
�
SDAPCD�
Bill Brick -- Alternate Team Leader�
�
�
Don Halvorson�
�
�
Tom Ryan�
�
�
Virginia Bigler-Engler�
�
VCAPCD�
Kent Field -- Alternate Team Leader�
�
�
Malory Ham�
�
US Navy�
Lee Eddington -- Alternate Team Leader�
�
�
Jay Rosenthal�
�
�
Roger Helvey�
�



�
Table 3.	Forecast schedule (D 0 to D + 2).





Day �
Time (PDT)�
Activity�
Actions�
�
D 0�
0700-14:30�
Forecast Preparation�
Analyze real time weather data


Assess NWS/Navy numerical forecast products


Run objective prediction models


Issue daily forecast (individual air basins)


Prepare initial SCOS97 multiple-day forecast�
�
�
14:30-15:00�
Forecast Call�
Lead forecaster discussion


-- prediction for D0, D+1, D+2 


-- outlook for D+3 (-, =, +)


Group discussion and prediction modification


Long-range forecast assessment


(beyond 3 days)�
�
�
15:00-15:30�
Management Call�
Forecast presentation 


Group discussion


Consensus Go/No Go Decision�
�
�
15:30-16:00�
Notification�
Post forecast Go/No Go decision 


-- telephone bulletin board


-- world wide web


-- contact contractors�
�
D + 1�
Repeat D 0 Cycle if No Go


�
�



Possible Go�
0700-0:930�
Forecast Preparation�
Analyze real-time weather data


Assess NWS/Navy numerical forecast products


Run objective prediction models


Revise SCOS97 multiple-day forecast�
�
�
09:30-10:00�
Forecast Call�
Lead forecaster discussion


-- Confirm prediction for D0,


-- Update prediction for D+1, D+2 


-- outlook for D+3 (-, =, +)


Group discussion and prediction modification�
�
�
10:00-10:30�
Management Call�
Updated forecast presentation 


Group discussion


Consensus Go/No Go decision�
�
�
10:30-11:00�
Notification�
Post forecast Go/No Go decision 


-- telephone bulletin board


-- world wide web


-- contact contractors�
�
�
14:30-15:00�
Forecast Update Call�
Lead forecaster discussion


-- Confirm observed ozone for D0


-- Update prediction for D+1, D+2 


-- Outlook for D+3 (-, =, +)


Group discussion and prediction modification


Long-range outlook�
�
�
15:00-15:30�
Management Call�
Forecast presentation 


Group discussion


Consensus Go/No Go decision�
�
D + 2�
Repeats D + 1 Cycle if Possible Go


Reverts to D 0 Cycle if No Go�
�



�
Table 4.	Summary of SCOS97 IOPs.





Date�
Day�
Type�
Maximum 1-hr/8-hr Ozone (pphm)�
�
�
�
�
SoCAB�
VC-SCCAB�
SDAB�
MDAB�
SB-SCCAB�
IC-SSAB�
�
Jul 14�
Mon�
0�
14/10.6�
9/8.0�
10/6.9�
10/8.4�
6/5.7�
9/�
�
Aug 4�
Mon�
1-�
14/10.5�
9/7.7�
11/9.9�
10/7.8�
7/6.0�
10/�
�
Aug 5�
Tue�
1-, 2-�
19/11.9�
9/7.7�
12/8.7�
8/7.3�
10/8.1�
10/�
�
Aug 6�
Wed�
1-, 3, 4�
16/12.5�
13/11.5�
10/8.4�
13/10.7�
9/8.2�
8/�
�
Aug 7�
Thu�
4�
15/12.2�
12/8.8�
7/5.2�
14/11.3�
10/8.7�
8/�
�
Aug 22�
Fri�
3-�
13/9.0�
8/7.1�
8/6.3�
8/8.7�
7/5.5�
12/�
�
Aug 23�
Sat�
3-�
14/10.6�
10/8.9�
10/7.0�
10/8.4�
7/5.4�
8/�
�
Sep 3�
Wed�
0�
12/8.0�
7/6.7�
9/7.3�
8/6.6�
8/6.0�
5/�
�
Sep 4�
Thu�
2�
13/8.9�
9/7.4�
13/9.0�
7/6.3�
9/7.5�
4/�
�
Sep 5�
Fri�
3�
12/9.1�
10/7.2�
8/8.8�
10/6.9�
7/6.8�
7/�
�
Sep 6�
Sat�
4�
12/9.4�
9/7.1�
8/5.9�
8/7.3�
6/4.7�
4/�
�
Sep 22�
Mon�
0�
13/9.0�
10/8.8�
10/7.9�
6/5.7�
8/7.5�
7/�
�
Sep 23�
Tue�
0�
11/8.8�
10/8.0�
9/7.6�
6/5.5�
14/10.8�
13/�
�
Sep 27�
Sat�
2-, 3-�
14/10.2�
9/7.5�
11/9.6�
8/6.4�
8/6.8�
5/�
�
Sep 28�
Sun�
2-, 3-�
17/10.7�
12/8.6�
11/9.4�
6/�
11/9.3�
5/�
�
Sep 29�
Mon�
4�
11/8.9�
11/8.6�
9/6.7�
10/7.5�
11/7.6�
9/�
�
Oct 3�
Fri�
0�
8/6.4�
8/6.7�
4/4.0�
6/5.3�
7/6.1�
5/�
�
Oct 4�
Sat�
3-, 4�
13/10.5�
9/7.4�
7/6.7�
10/9.4�
7/6.9�
8/�
�
Oct 30�
Thu�
0�
9/7.6�
�
11/9.1�
8/7.1�
�
�
�
Oct 31�
Fri�
5�
10/7.4�
�
14/11.9�
8/7.2�
�
�
�
Nov 1�
Sat�
5�
9/5.6�
�
14/11.3�
�
�
�
�



�
Southern California Ozone Study Forecast





Valid Date (D 0): Month/Day/Year      Monday August 4, 1997





Key Location�
D - 1 pphm�
D 0 pphm�
D +1 pphm�
D +2 pphm�
D+3 +,-,= �
Comments�
�
Day of Week�
Sun�
Mon�
Tue�
Wed�
Thu�
�
�
Episode Type�
1-�
1-�
1-�
1-,4�
4�
�
�
South Coast Max�
13�
15�
16�
17�
=�
The NKX sounding warmed to 29 C top temp with 98F�
�
Central LA�
10�
9�
10�
10�
=�
break temp and 1100 ft base.  Gradients have turned�
�
Santa Clarita�
10�
11�
13�
15�
=�
5 mb offshore from Sun.  The progs have the race on:�
�
Anaheim�
6�
6�
7�
9�
=�
sfc heating vs. warming aloft.  The models have 850 mb�
�
Riverside�
12�
14�
14�
14�
=�
temps 30+ C Tue afternoon with a break of 110 F.  The�
�
Upland�
12�
12�
16�
17�
=�
flip side is the progged max temp of 110 F at Riverside,�
�
Crestline�
12�
14�
15�
15�
=�
(per the MRF).  The NGM places the level 1 and 2 �
�
San Bernardino�
13�
15�
16�
16�
=�
temps at 36 and 29C.  All of the models keep moisture�
�
Glendora�
13�
14�
16�
15�
=�
out of the picture moving the ridge over SoCal  Tue/�
�
Ventura Max�
10�
11�
13�
12�
=�
Wed.  The ETA and AVN 00Z runs try to generate an�
�
Simi Valley�
10�
11�
13�
12�
=�
eddy for Wed.  It would be very difficult to ignore the�
�
Thousand Oaks�
7�
9�
10�
10�
=�
5970 m 500 mb heights and the 30+C temps at 850 mb.�
�
Ojai�
7�
8�
9�
9�
=�
Going conservative on the ozone prediction due to a �
�
San Diego Max�
12�
11�
12�
12�
=�
50 percent chance that the inversion will break.�
�
Alpine�
12�
11�
12�
12�
=�
�
�
Escondido�
8�
8�
8�
8�
=�
�
�
Del Mar�
5�
5�
6�
6�
=�
Extended Outlook�
�
Otay Mesa�
6�
7�
7�
7�
=�
�
�
Mojave Max�
9�
10�
11�
12�
=�
Things appear to quiet down after this week as the �
�
Phelan�
9�
10�
11�
12�
=�
MRF extended model predicts a lowering of heights�
�
Hesperia�
9�
9�
11�
12�
=�
and the ridge weakening.�
�
Barstow�
7�
7�
7�
8�
=�
�
�
29 palms�
7�
6�
8�
7�
=�
�
�
Santa Barbara Max�
�
9�
9�
10�
=�
�
�
Carpinteria�
�
8�
8�
10�
=�
�
�



Figure 1.	SCOS97 daily forecast summary.
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Figure 2.	1997 observed summer weather patterns.
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Figure 3.	Trends of SoCAB daily 1-hour basin maximum ozone during SCOS97.
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Figure 4.	SoCAB maximum 8-hour average ozone distribution (pphm) during 


		SCOS97.  The five IOPs are depicted by arrows.











