8.0	Meteorology


8.1	Description of Wind Field Patterns


	�EMBED Equation.2���


As is generally the case in valleys, wind in the Imperial Valley usually flows along the valley axis from high to low pressure.  Because the Imperial Valley runs from northwest to southeast, winds are usually from the northwest or southeast.  This is demonstrated in Figure 8-1, which shows the distribution of hourly resultant u and v wind components at the Calexico site.  Each dot represents one hourly value.  A point plotted at u=4, v=-4 represents a wind from the northwest at:


When resultant winds are light, <2 m/s or so, they may be from any direction; however, moderate to strong winds are mainly from the northwest or southeast, rarely from the northeast or southwest.


Daily resultant wind direction at the Mexicali site by Julian day is shown in Figure 8�2.  It can be seen that daily resultant winds tend to be from the northwest (270 to 360 degrees) or the southeast (90 to 180 degrees).  A consequence of these wind direction distributions is that a significant fraction of transport is across the U.S./Mexico international border.  At Calexico, a northerly wind (transport toward Mexico) occurred about two-thirds of the time, while a southerly wind (transport from Mexico) occurred about one-third of the time.  Flow from Mexico was slightly more frequent during summer than winter.  


At this point, it is useful to define terms that will be used repeatedly in this section.  Wind direction or flow is the direction from which the wind is blowing.  Transport direction is the direction to which material is transported.  For example, a northwest wind (northwest flow) gives transport to the southeast (southeast transport).


8.2	Relationships Between Beta Attenuation Measurements and Sequential Filter 	Sampler PM10


When considering the effects of transport direction on PM10, it is desirable to have high time resolution, such as hourly values.  This is because over longer averaging periods, such as 24 hours, which is typical for PM10 measurements,  reversals in wind direction may commonly occur.  This has the effect of making it more difficult to obtain clear relationships between pollution transport and ambient concentration.  


As discussed in Section 2, hourly values of beta attenuation measurements (BAM) of PM10 are available at the Calexico site.  Combined with hourly resultant wind speed and wind direction, this allows for direct evaluation of pollutant transport and PM10 concentration.  This high time resolution is especially valuable when studying local air pollution problems that may have substantially higher pollutant source strengths in different wind directions.


Section 4.5.1 summarizes the collocated precisions among different types of PM10 samplers at the Calexico site.  Figure 4-2 displays the daily average BAM versus PM10 measurements for the 45 sample pairs.  The slope was 1.10 ( 0.06 with a correlation coefficient of 0.94.  Table 4-9 shows shows that the average ratio of BAM over SFS PM10 was 1.20 ( 0.27 indicating that BAM PM10 was higher than SFS PM10 by an average of about 20%.  However, the high correlation between the BAM and SFS PM10 measurements gives confidence in the use of BAM data as an indicator for PM10.


8.3	Beta Attenuation PM10 and Transport Relationships at the Calexico Site


Because the Calexico monitoring site is close to the border, northerly flow can be considered to represent transport to Mexico, while southerly flow represents transport from Mexico.  Figures 8-3 and 8-4 show average beta attenuation PM10 by wind speed category for northerly and southerly flow, respectively.  Figures 8-5 and 8-6 illustrate the cumulative frequency distributions of wind speed for northerly and southerly flow, respectively.  These figures show that distribution of northerly and southerly flows is similar, with wind speed exceeding 4 m/s about 10% of the time.  Low wind conditions occurred frequently, with wind speed less than 1.5 m/s about 50% of the time.


Figures 8-3 and 8-4 imply that for both northerly and southerly flow, beta attenuation is higher at very low or high wind speeds than at intermediate wind speeds.  Physically, this may be interpreted as follows:  1) At low wind speeds, poor dispersion allows buildup of air pollutants;  2) At moderate wind speeds, increased dispersion of source emissions leads to lower ambient PM10 concentrations; and  3) At high wind speeds, soil particles are lifted off the ground by the wind and suspended in the atmosphere.  It can also be noted that for all wind speeds, average beta attenuation PM10 is higher with southerly flow than with northerly flow.  This indicates higher emissions rates to the south than to the north.  


Average beta attenuation for southerly flow and northerly flow stratified by three wind speed classes and for all wind speeds is shown in Table 8-1.  It is evident that the ratio of southerly to northerly flow PM10 measurements increases as a function of wind speed.  This ratio is 1.55 at low wind speeds, increases to 1.97 with moderate wind speeds (1.1 to 5 m/s), and reaches 2.67 with high (>5 m/s) wind speeds.


8.4	Cross Border Fluxes


In order to specify cross-border PM10 fluxes across a given length of the U.S./Mexico international border, the following information would be required:


A sufficient number of monitoring sites along the border to resolve along border (east-west) gradients in PM10, and


Vertical profiles of PM10 and wind speed with sufficient time resolution to capture diurnal changes in wind direction (such as hourly) and sufficient vertical resolution to resolve gradients in PM10.


This information is not available.  However, with the hourly beta attenuation PM10 and wind speed at the Calexico site, which is close to the border, an estimate can be made of the relative cross-border flux in each direction.  The main assumptions are:


Wind measurements at the Calexico site are representative to characterize cross-border transport.


The ground level concentration of PM10 and wind speed are similarly representative of vertically integrated PM10 concentrations and wind speeds for both northerly and southerly flow.


The most severe violation of the second assumption could occur with substantial differences in mixing depths for northerly and southerly flow.  If PM10 were consistently mixed through a deeper vertical layer (higher mixing depths) for either wind direction, then the PM10 emissions would be diluted through a deeper layer, and ground-level PM10 concentrations would overestimate total fluxes when compared to the wind direction with lower mixing depths.  This could occur, for example, if daytime winds were from one direction and nighttime winds were from the opposite direction.  The daytime concentrations would be associated with deeper mixing depths than the nighttime concentrations.  Alternatively, strong seasonal biases in wind direction frequency could also cause this problem because winter mixing depths are lower than summer mixing depths.  Fortunately, day-night and winter-summer biases in wind direction are not pronounced at the Calexico site.


Cross-border fluxes were calculated in two ways:  1) the average flux during northerly and southerly transport; and  2) total flux during northerly and southerly transport.  Table 8�2 presents the cross-border fluxes at the Calexico site.  The fluxes were calculated by multiplying the wind speed component perpendicular to the border (v wind component) by the beta attenuation PM10 for each hour.  The total flux is equal to the mean flux multiplied by the number of hours with flow from each direction.


Table 8-2 shows that, on average, when the wind is blowing from Mexico (i.e., southerly flow), the PM10 flux at Calexico is three times greater than when the wind is blowing from the United States (i.e., northerly flow).  However, because transport from the north is about twice as frequent as transport from the south, the total flux from Mexico is only about one-and-one-half times the total flux from the United States.


8.5	PM10 Concentrations and Transport Relationships at the Mexicali Site


In Section 8.3, relationships between pollutant transport and ambient PM10 concentrations at the Calexico site were examined with hourly time resolution using wind and beta attenuation. Hourly PM10 measurements are not available for Mexicali, so daily average PM10 along with daily wind information are used in this section.  A limitation of using daily PM10 data is that wind directions may reverse during the day, making clear distinctions between northerly and southerly flow more difficult.


The main features of the daily wind field may be summarized by three variables:  1) daily resultant u component;  2) daily resultant v component; and  3) ratio of resultant to mean wind speed.  The daily u and v wind components give the net daily transport, while the ratio of resultant to average wind speed (varies from 0 to 1) is a measure of the consistency of wind direction.  Days with winds always from exactly the same direction would have a consistency parameter of 1; days with varying wind directions causing no net transport would have a consistency parameter of 0.  These three parameters were calculated for each day with wind speed and wind direction data at the Mexicali site.  Cluster analysis of these parameters was then utilized to form groups of days with similar wind patterns.  Average PM10 concentrations were then calculated for each group of days.  The results are shown in Table 8-3.


In contrast to Calexico, which had highest concentration with flow from the southeast, the Mexicali site shows highest PM10 concentrations associated with light northwesterly flow.  Southeasterly flows were associated with lowest concentrations of the three main clusters, with stagnation PM10 values in between.  The monitoring site is located in the southeast portion of Mexicali Valley.  It is speculated that the high values associated with light northwesterly flow are due to transport from the main metropolitan area of Calexico-Mexicali to the monitoring site.  With southeasterly flow, transport is from less developed desert areas which are associated with lower resulting PM10 concentrations.  The large difference in concentrations at the Calexico and Mexicali sites during periods of northwesterly flow indicates substantial emissions in the geographic area between the two monitoring sites.  This area includes much of the city of Mexicali and activities along the U.S./Mexico border.


8.6	Transport Conditions During PM10 Standard Exceedance Days


Eight days exceeded the 24-hour national PM10 standard of 150 (g/m3 at one or more of the Imperial Valley monitoring sites.  These days, along with the 24-hour PM10 concentrations are shown in Table 5-1.  Key information regarding the transport characteristics of the winds at the Calexico site on these days are summarized in Table 8-4.  A summary of the synoptic meteorological conditions for each of these days is presented in Table 8-5.  


The first four exceedence days (03/13/92, 10/09/92, 12/02/92, and 01/19/93) had light winds with variable wind directions. Note the very low resultant wind speeds, which are a measure of net transport.  These days essentially experienced stagnation conditions, with little transport taking place.  Local effects were probably dominating the PM10 concentrations.  As discussed in Section 5.2.1, PM10 mass concentrations (acquired from the SFS) at the Calexico site exceeded the 24-hour PM10 standard on two of these four days, with 194.0 ( 9.7 (g/m3 on 10/09/92 and 222.7 ( 11.2 (g/m3 on 12/02/92.


On 01/25/93, a surface high pressure system developed in Utah which resulted in consistent, moderate northwesterly flow.  Table 8-4 shows that wind speeds on this day were not high enough to resuspend geological dust.  Because of the northwesterly wind direction, transport from Mexico can be ruled out as a contributor to the exceedance of the PM10 standard at the Brawley site.


Moderate, consistent westerly-northwesterly flow occurred on 03/14/93.  The Calexico Police and Fire Station (CPFD) site had high concentrations of PM10 while the nearby Calexico (CALD) site had low concentrations.  Again, a local source in close proximity to the Calexico Police and Fire Station appears to be impacting the site on this day.  In addition, due to the westerly-northwesterly wind direction, transport from Mexico can be dismissed.


Winds speeds were light and wind directions were variable on 03/20/93.  The Calexico Police and Fire Station site had much higher concentrations than the Calexico site.  A local source is apparently responsible for the high concentrations.   


On 08/23/93, light and variable winds early in the day were followed by strong, consistent transport from the southeast as a weak trough approached. Figure 8-7 illustrates the wind field pattern from 1700 to 1800 PST on 08/23/93.  Concentrations exceeded the standards at all sites except Brawley (95 (g/m3).  PM10 mass concentrations at the Calexico site were 192.1 ( 9.6 (g/m3.  Significant cross-border transport of air occurred.  It is likely that significant PM10 was transported from Mexico, although local soils suspended by the wind may have contributed to PM10 concentrations as well.


8.7	Meteorological Conditions and PM10 Concentrations During the Intensive Sampling Periods


Meteorological conditions and PM10 concentrations during the summer, winter, and spring intensive study periods are discussed in general terms in this section.  The winter intensive period generally had higher PM10 concentrations than the spring and summer intensive periods.  Wind speeds were lightest in the winter with lowest mixing depths.  This leads to more buildup of source emissions than under the spring and summer conditions with deeper mixing layers and higher wind speeds.  The product of mixing depth multiplied by wind speed is termed ventilation and is usually inversely related to pollutant concentration (except with wind raised soil at high wind speeds).


8.7.1	Meteorological Conditions During the Summer Intensive Period


The summer intensive period of 08/21/92 to 08/27/92 was affected by the approach and slow passage of an upper level (500 mbar) trough through the western United States.  In addition, a hurricane that progressed northward to Baja California spread considerable moisture and cloud cover over the area on 08/23/92.  The local transport conditions are summarized in Table 8-6.


For most sites, the highest PM10 concentrations occurred on 08/21/92 and 08/26/92. The windiest day was 08/21/92 with wind speeds up to 10.7 m/s from the southeast due to the approaching trough.  As discussed in Section 7.3.3a, marine aerosol intrusion from the Gulf of California was apparent with maximum marine aerosol contributions reaching 10 (g/m3 at the two base sites during the nighttime period of 08/21/92.  Although 08/26/92 had the lowest wind speeds of the summer intensive study period, this day reported higher PM10 concentrations than days with more moderate wind speeds and is consistent with the results shown in Section 8.3.  On 08/21/92, there were relatively high PM10 mass concentrations (87.3 ( 6.2 (g/m3) due to wind raised soil, while poor dispersion on 08/26/92 likely caused the relatively high PM10 mass concentrations (94.1 ( 6.9 (g/m3) on that day.  Source contributions from geological material are comparable on these two days with 66.2 ( 4.8 (g/m3 (76% of PM10 mass) on 08/21/92 and 67.9 ( 5.2 (g/m3 (72% of PM10 mass) on 08/26/92.  The biggest difference is in the contributions of motor vehicle exhaust, being 7.5 ( 3.4 (g/m3 (7% of PM10 mass) on 08/21/92 and 19.1 ( 4.2 (g/m3  (20% of PM10 mass) on 08/26/92.  These CMB modeling results are reinforced by the characteristics of the meteorology during these days.


8.7.2	Meteorological Conditions During the Winter Intensive Period


Table 8-7 summarizes the local transport conditions for the winter intensive period.  The winter intensive period experienced the passage of cold fronts late in the day on 12/11/92 and late in the morning of 12/18/92.  Each of these fronts was followed by consistent northwesterly flow for several days, with good vertical mixing, and low PM10 concentrations.  From 12/14/92 through 12/17/92, pressure gradients become weaker, with lighter wind speeds and lessened vertical mixing, leading to an increase in PM10 concentrations.  PM10 mass concentrations were the highest at both sites during this winter intensive period.  The Calexico site experienced light and variable winds on 12/17/92 until 1000 PST, then light southeasterly winds for the rest of the day in response to the approaching front.  As shown in Section 8.3, light southeasterly flow causes transport from Mexico and results in elevated PM10 concentrations in Calexico.


8.7.3	Meteorological Conditions During the Spring Intensive Period


The spring intensive period of 05/13/93 to 05/19/93 was dominated by an upper level low pressure system off the west coast of the U.S. and a surface trough of low pressure over the study area.  There were occasional periods of scattered light precipitation.  On 05/13/93, an upper level low pressure system was over northern California.  This low pressure system moved slowly to the northwest until 05/16/93, when it began moving back toward the west coast.  A stationary, weak trough of low pressure was situated over the study area until 05/16/93.  In general, this pattern would be expected to result in lower PM10 concentrations because of the instability associated with the surface and upper level troughs and the lack of strong winds or stagnant winds.  Transport features of the period are summarized in Table 8-8.  High concentrations were not recorded at any of the U.S. sites.
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