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L Introdwsction

Tz United States has skilled ploreesing beams of imvestigators who work to mitigate air quality
concems within the nation's borders. Investigations may launch due to the wealth of techinalogy
rescurces and policy pricrities tangeted towards cleaning breattable air and maintaining clean
air. rethable air means air in the tropospheric layer of the atmosphene. California, in particular,
feads the ploneers towards ar guality advancemends in the United States and their air s
historically im the top worst of the mation.  Southern Califormi = noborkous For massive
erwvironmental events incloding statewide wildfires. Both smog and  wildfires. Wild fines
contribute to fine particubie matter {PML.) pollubing breathable akr. Fine particulate matter
inchudes liquid or solid partides of a dameter kess than 2.5 micrometers.,

Fine particulate matter attributes to hashing humans' e expectancy, agriodtwral yield, anc
industral production. As negative implictions of P, 5 paliotion continee ta hinder human
ailsbance; mare concern for PG ¢ alr quality splsodes bae grown. A PM;; eplsode ocours whan
atmospheric concentrations exoeed 33ugim Z Air that contains more than this limit ecesds the
naticnal standard set by the United States Environmental Frotectian Agency {3, ERA) bo protect
ruman haalth. San Diega, Cabfarnia, encountered such an issue on 21 October 2007 when PM;.
tevels in the atmesphere severely surpassed 35ug/m? ang remained above the EPA's limit ungl
2 Octoher 2007, The episcde’s kwest FM, ; cancenitration measured in at 36.7ug'/m” (LS EFAL
An assessment of the roots that sprouted the PR, episode may aid to aleviate futune
oroumences and maintain sde air in the region.

Various measursment technigues and new devices allow for an averall perspective about what
causes and exasperates ar qualiy (ssues. Constant air quality manitaning |5 one means to kdenbidy
an air guality problem. Monitor sites exist throughout the Unibed States in strabegic locations
relevant for air puality. Many manitors exist in southerm California becavse of their histoncal
recard of air pollution. Fine particulate matter concentrations can be compared over an estended
time period toprave that the episode’s conditions exceaded average alr cuality days inaset area.
To compliment measured air pollution concentrations, Iferabure reviews also prove to bea useful
1ol i epizode investigation. Publicabions exst o all topics relevant ko Unibed States air guality
and bailc anakyses of air quality episodes. Literature reviess provde an exorbitant amouet of
data and drave conclusions about PR,  eplsoces, anthropogenic activity, and significant woather
events. Alr pollution episodes ocour due to @ combination of anthropogenic activity ano
moteorological occurrences creating Irregular erdronmental conditions to an inflicted area
Many activties in the weather can kinder or suppart air guality an a local, regional, and global
scale. Furthermone, metecrology can cause air pollution scurces to impact off site states or
regians, with no conseguence of their own. Because meteorology and air pollution do mot
recagnize pofitical boundanes, a braader set of eyes is needed In arder o identify air poletion
actiity and engagements with the weather. Satellites act as eyes in space that allow for users 1o
aiaming on a global basts what happens to air pollutants and how reglans may suffer from or
avold poor air guality. Technology extends beyond raw satellite data. From meonitor,
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mtearalogical, and satelite data, compueter models can accurately construct what has
happened and predict what will happen on a fised subject, like air pollution. To begn any
Irveestigation, the first step is ta fing cut when and where an air pollution episode happened.

L 'Where and When the Eplsode Orourned

Alr podlution monitors exist throughout the United States and report air guality conditions araunc
the indiidual monitors. Balng immarsad in the air of concern, these devices provde the best
aszessment of air quality. Therefore, manitars are strategicaly placed throughout the United
States in areas where the air guality needs remediation. Califamia has a plethora of these
monitars because of teir famously poor air quality, especially southemn Californ. Recent offarts
have hedped alleviate the air quality isswes in southem Califormia. However, the region still
combats air pollution episodes on an cocasional basis. Fine partioubte matter in San Diega rarely
reachies levels to pose a threat to publichealth. &ctive monitoning sites provide real time data for
air quality conditions, as mapped infigure L infigure 2, the map of scuthen Califomia ks cverlaic
waith manikors’ reports an 3 October 2007. San Dege has four menitors reparting unhealthy
My measured in surface air, indicated by the crange and red dats. This particular dary reveals
the warst air quality of the opisods, having measured PM. ., concentration walues reaching
l!T.lhg,l'm‘I.Jﬁ. EPA].
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San Mege is a dense port region on the southwestemn tip of the United States. The counky les
alorg the Faddic Coast and nestles between Tivana, Mexico, and Los Angeles, 8. All three ancas
experience similar cimates. Their climates have dry ang hot summers coupled with cool and
rnoist winbers. A5 figure 1 indicates, monitoring sites in Las Angeles and San Diego vary on the
same date and time. Tijuana does not hawve accessible PR, . cata awailable for reference. Small
geographical displacements can hawe large variations in air quality, prosen in figure 1 Air ouality
monitars are essential and limited in thair ablises for this reason. Assessing monitor data alows
forane to know the air quality onty withina small vicinity of the monitor. Maonitars do not reveal
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anvy weathar information that may have caused an episode and cannat leave 3 P, raced path
fram origin to destination. While kmited, the monitars do serse their purpose in esposing bac air
quakty. Monitors can reveal long term air guality trends with walues reported daily.

3. Episode Duration

Lang term cata trends (lustrate when air guality became a cencemn and may identify trends or
FoassLTE AN ERlsoce is an anomaly. San Dlego residents rarely consider themsalves vulneratle o
threatening Py , concentrations because air quakty problers are infrequent. Figure 2 highlights
eptsadic canditions in Octaber 2007, Slices of Doiober are red and crange, indicating unhealthy
airquality, as it surpasses the LS. ER6's standard of 250gfm". & broader lock at figure 2 indicates
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that San Diego has gererally clean air and that the October 2007 PM,. concentrations ane
unusial. Beauss the air conditon plummeted with a distinct tmeframe, ane can identify the
beginning and end of the PM; . episade. Locals endured a week -long P, eplsode, the length.af
the red and arange slices in figune 2. A oritical peece of informartion o investigate an air polution
eptsade Involves being able to identify the timeframe which eptsodic conditions persisted ower
an araa. Adr quality monitors nat anly identify current air conditions bt also logs all measued
data. A historical archive of PR,y concentrations aliows for irmegulanties to be dentidied in time
and for umveling air guality tremds. Assessing @ trerd can prove whether efforts to difute air
palluticn are effectve or futile.

“nowing the curation of an episode & critical information necessary o identify wihat @ued the
air guality hindrarce. Weather and anthropogenic action that one can identify around the time
of the episode may indicabe sources o conbributors o the poor alr guality. Fine particulate
matter in the atmogphere cormmonly deries from volcanic eruptions and forest fires. San Disgo



choms mat have volcanic feaheres eroonsistent wildfires, therefore, these means of Pa,  polistion
woald not concesn San Diego (Westering et al., 2004}, 3an Diega's Py 5 concentrations rarely
exnceed 35ug'm "’ anyways so residents need nat threat aver forest fire or volcanic activities. The
P, ; eplsode may hxee resulted from off ocation acthaky that the pollution transferred from.
Particulate matter episodes can corur anywhers PM, . pollution @ enter the troposphere, but
also aywhere that the: debris can trawel ta, inclucing San Dtego.

M, 5 commendy emits from forest fires, common for the California. However, 5an Diega locals
o not regulary endure unsafe PM, o lsvels in their breathable ar. air guality monitors here lack
the: patential to complete the ar guality episode investigation. They at least provided evidence
that an air quality episode cic cotur and that it sustained cxtracroinary #M,  concentratians for
a wosd. Dutside of the monitor data, one @n begin o explone what others have already
researched and published about the air pallution episoce and relating varables. For example,
Califomia s kmown for its wildfires. Liberature review concerning Califomia wildfires might
intersect at a crossroads of air quabty in San Diego. Publshed materil may explone
anthropogenic work, mebearological phenomena, or a cambiration of the two that explains how
Zan Diego developed an air quality episade.

4. Prior Enowhedge on Subject

Aftermonitor review, one an specify the duration of an air cuality episoce. After establishing an
eptsade’s bmeframe, one may explore what mused the episode. The first step in identifying the
P, cudpit s bo know what has already been investigated regarding the apisode. Litaratune
revicws discuss atmaspheric conditions in southemn Califormia and dissects multiple weatier
wariable behaviors. Southern Califomnia has had wind patterns. forest fires, and historical air
quaity studied ta reveal their contribarti ore ta poor air gquality. Undeniably, San Diega, endured
@ PMyq air pollution epizode fram 21 October 2007 through 28 Gctober 2007 Throughout the
eptade’s duration unusually high wind speeds wiere reported, believed bo be the Santa ana Wing
phenomena {Hutchinson et al., 7018, Sdhrare ot al, 2000). Sanka Ana Winds, or "Dewil’'s Breath,”
conditions iodve high wind speeds, extremely ko humicity, and follow seazanal patierns;
maximizing their speed in autumn manths, corweniently when the region is susceptible 1o
wildfires |Raphael, 7003). Wildlires emit FM, , irta the atmosphens. When wildfires owthreak
large concentrations of PR, among otfer pollutants are emitted into the atmosphens
{Chevachwiry et al, 2008; 5 Viswanathan et al, 2005). Once suspended in the atmosphere,
weather condibions can cause PM,. to be transported away from the emission source {Cao &
Fowell, 2016).



Figure 3 maps out the area of the wildfire ocoumence and shows evidence of the severe Santa
Ana ward concitions [€ochanski ot al., 2013). The madel may allow far future episodes to be
predicted, making the episode’s reseanch relevant Indedinitedy into the future. The Santa Ana
winds provail southevesterly aver the entire Los Angeles, San Diego, and Tiuwana coastal reglon

Figure 31 Seuthen Caifemia én 13 Gowsber 2007, (Lak) & seaiiad in Wew of S Dlage’s wildie
araa, red, and e e bum ane, whise Right) WIS impected s fem & teamed cut
parspe v and the wmoke el paten

with thair travel pattern cloaked in wdldfire smoke |Schmne et al, 20010, Zamor ot al., 2014)
‘witiile the land incinerated for days, figure 2 shows the Santa Ana winds carrying the fine's PR,
ermibsshans aver all of San Dego, mare than without the severe “Del's Breath® (Raphael, 2003;
wiesterling ot al., 2004).

Thee incressed Santa Ana Wind speeds anc the Cotober wildfires brew the perfect shorm to emit
and disperse P  ower 3an Diege in e October 3007 {5chranz et al., 20000, One can determine
thak the severe and irregular envirormendal paktermns woule hawe the ability to produce PR,
eptzadic conditions in Sam Diega {Corbett, 19961

5 Metecrological Conditions

After reviewing Merature published on San Diega air quality events and relabed topics, we have
2 better understanding of what may hawe attributed to the eplsode. Literabure reviess may
pertain to this specfic episods, or may allow for further understanding of certain mechanisms
thak could hiave conkributed toan eplsode. Aeviews coverthe Santa Ana 'Wingd trerds ans Cctober
weather conditions im5an Dicgo. Mow that others have determined related envronmental events
relevant to air guality, Sanda Ana ‘Winds and wildfires can esamined further to shaoee their
patential impact on Sam Mego. Fublcations have blished a warking knowledge af the Santa
fina Wincs and wildfines. after kearning what has already been acoomplished inan ar poletion
epizade, aneg can explore metsorobogical wariahles mare in depth. Lterature rewviews af
“achansid, et al., 2013, for example uncover that wing speeds matter greatly. After determining
meteorological causes af the air qualty oplsode, ane can Investigate the weather vanabics




further to understand i pattemns cuist or other external factors caused the weather patbern shift
Fuowarniety of weather modek anbe employed inlooking ot wing patterns, for instance, the Hybric

Figars 4- BYSPUT misdel shows backwand wind saeconis fom Sn
Disgs, €A fem 24 Oetober 2007 unsil 28 Oenslsar 2007 (Swan wtal., 2045]

Single Partide Lagrapgian, Integrated Trajactony Model {HYSPLIT| shows wind direction pattems
ower @ cesined |ocation. The model, shown in figure 4, shows exceptionally strong Santa Ana
Winds prevailing fram the northeast, from ower Mewada and Crah, which are nown origing for
the wind phenomena [Cao & Fowell, 2016, Shekar Viswanathan et al., 2008].

Figure 4 demonstrates the Santa Aina Wind motlon and how San Diega lies directly under ies pathe
Zuch a wind trajectory would carmy the pelluted air from the forest fires and impact 5an Diego air
qualty, as figure 3 iustrates. Although the Santa Ara Winds regulary blioe over Southerm
California and Maorthern Mexico during the fall, their seventy s what threatens the region’s air
quakty. {Bokpk), et al, 2005). Each wind trajectony in II,sur\c £ orginate at 5an Diego. 3y 15
Ocbober 2007, the winds reach their endpoints on the model. This trend relates to the Weather
Research and Forecasting (WFF) madel in figure 2. Bath pleces of evidence suppart the air guality
monitors and give cause to ther high PR, readings.

fis part of an air pallution episode metrological assessment, ane should explore the weather
reponts during the episode to determine if any other weather wariables congributbed to the public
health concem. Throughout the weeldong San Diego episode, average bemperabures resided at
FOPF. Bedore the episcde, temperatures scaled to the high 60 and after the episode,
temperatures retreated o the low GB0s The temperature change may be evidence of the
Incoming Santa Ana Winds blowing in warmer alr over San Diego and out over the Paddic Doean.
i adeitian 1o temperature, ane should also Investigabe predpitation to validate air cuality
impacts by weather. Before, during, and after the PR episode, San Diego had no recorded



precipitatian. Remember, dry and warm air characterizes Southem Caldomia in the fall [Shekar
Wiswanathan et al., 2005). Little precipitation reportes by Weather Underground is consisbent
with dry conditions and regularly coindde with the Santa Ana Windsiorms duning the fall season.

& Satellite Perspective

The HYSPLIT analysis in figure 4 and WHF moded in figure 3 efiectively highlight the Santa Aana
‘wind effect on the October wildfires. Fires produce a lange guantity of smoke, ach, and dust into
the abmosphere. Thiy may setile onto the ground or reside in the air, both either sway from ar
at the emissians source, thaus increasing the concentrations af P, , over a potentially large plot
of land [¥Wiswarathan et al, 3006). Wow that meteorological vaniables hawe been icentified
thrcasgh literature reviews and madeling confirming thase findings, one has a working kawledge
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about what caused the air quakty episode in 5an Tego. Inarder to confirm exsting research and
connect to modelled data, sabefite data must be referenoed for yet another perspective over the
epizade. Agure 5 reveals the mportance of using satellite cata i the alr pollution imvestigation.
The center image in figure 5 shows a monthly average of dust surface mass concentrations.
Darker colors indicate derser ooncentrations while paler shading indicates little dust. On the left



and right of the center Image are one year camparisons before and after October 2007, The
satellite imagery shows that Octaber 2007 had much higher dust content ower Scarthem
California and Morthemn Mexico. The images abowe ang below the center image compare cust
content ane month before and ane month after the 2007 air quality eplsode. Freceding and
{ollawing months and years ba the October episode spike have little dust content identified by
satellite, reinforcing the modelng, publication, anc maonitor cata. Satefite data allows for an
even broader picture about the extent of damage poor air guality poses to earth. Figune 5 shows
Ockober 2007 provced a dramatic amount of dusé cver the Fadfic Ocean. A quality maniiors
dao not exist over the ccean, therefare, air quality data becames discontinuous over the majonity
af the worldc. Satellite data bridges the gap in understancing by being able to monitar the entire
surface. Connecting air guality trends on a global basis is necessary becavse regional air polution
contributes to tainting glabal sir guality.

Zatefite data ks not limited o measuring matter in the atmosphere, but also for callecting
weather information. Uterature reviews and models have identified wind patterns as key
contribubors bo paor ar guality over San Diega from 21 Oceaber 2007 through T8 Ootober 2007
Wind trends can amount from satel lite technalogy.

Flgure B uses satelite data ko record wind speeds. The menter image highlights wind speeds in
the: month of the P, 5 episoce. Referencing the sle on the top keft side of figure & indicates
that the carker blue colors are mild wings and as the color yellows, the Santa Ana wincs become
more severe. From the left to nght of the center image are cate lite collected wind speeds for the
yoars previaus ba and faliowing the eplsade in 2007, Satellte mages abowve and below the center
image portray that the manths before and after the air pollution episcde expenenced relaed
wings compared to the center image. This satellite data is consistent with figure 2, showing a
severe farcing of dust ang smaoke over San Dlego and estended inta the Pacific Doean. Higher
aing spoeds trace the samae patterm as the dust in figune 3, but with 2 greater area recorgded. Like
tha dust content imagery, satellite data allows for weathar vamables to be traced on 3 braader
area for a more certain understanding about vanable patterms, such as wird.

Fall in San Diega historically has maintained low humidity, oreating dry airspace that is prone o
e farge wildfires. in fall manehs that the Sana Ara Winds are high, the south west coast af
California becomes a threat to PM. (Raphael, 2003). Az shown in Agure B, in @ month with az
Fighs wined speecs as October 2007 are ciuses bo suspect that the Santa Ana Winds reached an
infrequent high and may exasperate annual issees, such as wild fires. More than air polution
concems may be addrossad by satellite ata. Gladal malting. global keating ar cooling, and salar
radiation are only three cxamples of extended applications of mproved satellite technalogy.
Zatedites not anly provide a larger scale insight into glckal processes but also provide a versatile
arsenal of information rather than using a device limited ta measuring ondy one weather vaniablk:
ar limited to 3 small radius to apply measurements.
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7. Conclusion

Satelite wechnology oreates more access ta mone knowledge about earth's natural processes.
Figures 3 and 6 prove this sEtement as they p af Sam Diega, the entine
southwesterm comer of the United States, and even over the Pacific Doean. Data collection ang
ohservation with satellites conbimues 1o improve as the world finds value intheir ablity. Satel lites
wabch earth from afar, wersus being an in siu mechanism for taking measurements. While
satellites by themsehes may not guarantes the most accurate description about what happens
an earth, they continue to improve and can prove their validity when companed o other
measuremant methods. The: satedlibe data shows both increased wing speeds and |ncreased dust
concentrations over San Diego, similar to ather measurements aken.

Figures 3 and 4 support the satellite imagery, as the results all suppart conditions far an air guality
epizade to emerge. Flgure 3 dhows a detailed visual of how the wildfire smaole's path was
impacted by the Santa &na Wind pattemn. The HYSPUT model in figure £ reveals that
southwesterly winds pass aver Zan Diega, directy ower the path of and during the timeframe of
the wilddires in October 2007, Azason to create the modeks and extrapalate from peblications




relevant to San Digga air quality hiawve purpese because menitoning stations collect continuous
data and indicate when air guality becomes an ssue.

Airguality monitors populate the United 5tates ina sparadic manner_ They are limited by their
phcements and can only report air quality at the station. rstallation and upkesp are expensive,
=0 Installing monitors to create continuous data ower the entire United States would be
unrealistic. Insbead, the monitors that ane active have certain justification for where they ane
Sdoniiors may be placed in reglons with historiclly poor air quality, or exist where preserving
healthy air quality is paramount. Figures 1 shows the usefulnpss of the monitors bt also their
limitations, as air qualty is only cerain where the monitors ane placed. However, figure 2
illustrates how manitor data ower extended periods of fime reweal air quality trends and
irre gularities. This information all ows for the populatian to know their air guality any day. A long
term record of measurements also may prove that uman efforts to mitigate air poliution hase
3 pasitive impact. For example, figure 2 tells that San Diega regularly experiences cheam air. any
epbodic event s obvious bocause of the lmited ocosrences.

Zan Diego's Py, ar guality eplsode becomes mare transparent withs measurement daka
collected from multiple deices and continuously improved modeling. From Octaber 21 2007
thrcagh 28 Dotoher 2007, San Diega's air quality tanked because PM;  concentrations amplifiec.
Ainabundance of PM, ; Infiltrated the air frorn inland wildfire celbris. Fires emit smoke, ash, ang
dust which all increase the ameant of P in the ar. While the fires expelled fine particle debnis,
the Santa Ana Wind pattern displaced the smoke and dust. The Santa &na Winds sometimes
become uriusually strang. Wihen the 2007 wildfires engulfie the air in srrake, the winds blow the
smoke aver 5an Diego and can over the Fadfic Doean.

San Diego's air guality episcoe proves how multipls perspectives at the same problemn can reveal
differant players in what causad the svant. Indiidually, ane platform of investigation does nat
give enough suppart to prove what caused an air guality problem. However, when different
angles are considered and compared together, a more full understanding of a pollutan problem
prevalls. A guality manitars, publications, model, and satellite technology are only a few
examples of different measuring and chservation technologies relevant for air poliution studies.
mmproved technelogy and weaving data together improves air poliution understanding, including
the cauees and impacts of an epzade. An increxsed usa of technalogy In the futune and mastery
should be Important ta everyone on earth for the wealth of potential informiation about ghobal
processes and the benefns are shaned worl cwide.
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