Introduction

*Aerosols, smoke, soot, combustibles, sea salt, and trace toxic
elements, all hazardous to human health, can be classified as PM10
(Srimuruganandam, 2011; Ozkan, 2010).

*The Chilean Health Ministry has set the target daily maximum of PM10
to be no greater than 195 pg/m3. Levels greater than 195 ug/m?® are
considered to be hazardous to human health (Perez and Reyes, 2006).

*A wide range of factors influence particulate matter concentrations,
including day of the week, time of day, altitude, wind conditions,
precipitation and air sources (Gramsch, 2006; Prendez, 2011). .

«Santiago, Chile experiences dangerously high concentrations of PM10
during the autumn-winter months of March through August due to
combination of topographical, economical and meteorological features
unique to the city (Préndez, 2011).

*The Madden-Julian Oscillation (MJO) is a global-scale circulation
pattern that is the leading cause of atmospheric variability on a 40-50
day period (Madden and Julian 1972).

*The MJO has been found to modulate precipitation and circulation on a
regional and global scale, including central Chile, the area of study
(Barrett et al., 2012).but variability of PM10 by MJO phase is currently
unknown.

Data and Methods

«Complied hourly PM10 concentrations from nine different stations in the
Santiago metropolitan area from SINCA (Sistema de Informacion
Nacional de Calidad de Aire) for the fall-winter months of March through
August 1997-2011 (Fig & Table 1).

«Excluded two of the nine stations, Quilicura and Cerro Navia, because
of insufficient data record at those locations (Fig 1).
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Purpose

*To connect the phases of the Madden-Julian Oscillation (MJO) with levels of
surface PM10 in atmosphere in Santiago, Chile during the winter months .

*To connect observed variability in levels of particulate matter in Santiago to
variability in meteorological conditions by Phase of the MJO.

Results: PM10 Variability

*PM10 was found to vary by Phase of the MJO. Low PM10 occurred during
phases 1 and 2. High PM10 occurred during phases 4, 5 and 7 (Fig 2).
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Figure 2: Daily PM10 Averages, May- August 2002-2012 per MJO Phase and Station.

*The diurnal cycle of PM10 was also found to vary by MJO phase (Fig 3).
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Figure 3: The diurnal cycle of PM10 by MJO Phases during May —August of 2002 to 2012 at
stations (a) Cerrillos (b) Parque Ohiggins (c) Las Condes.

«At 12Z strong inversions occurred during Phases 4, 6, 7 and 8. Weaker
inversions occurred during Phases 1 and 2. At 0Z, inversions occurred at
Phases 4, 6, 7 and 8. At 0Z no inversion occurred during Phases 1 and 2.

4(a) 4(b)

Pressure (mb)
Pressure (mb)
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study.
" Latitude Longitude "
symbol  [fON|  pace Percentage | pecimal Decimal | Elevation
# Useful Data (%) (m)
Degree Degree

[Triangle (left) 1__[Cerrillos 98.4 -33.49 -70.71 511
Diamond 2__[El Bosque 99.3 -33.54 -70.66 580
Pentagram 3 i 99.1 -33.42 -70.65 560
[Triangle (down)| 4 |La Flordia 99.5 -33.51 -70.59 599
Circle 5 |Las Condes 99.2 -33.37 -70.52 799
ISquare 6 |Parque Ohiggins 99.0 -33.46 -70.66 542
[Triangle (right) 7 |Pudahuel 99.1 -33.43 -70.75 495

*Determined Phase of the MJO by the Real-time Multivaritate
index (RMM) (Wheeler and Hendon, 2004).

*Quantified the relationship between PM10 and the MJO by first
matching each individual day to the Phase of the MJO (Table 2). Active
MJO days were defined as days when the RMM2 was greater than 1. All
other days were considered neutral.

MJO

*Examined 900 mb wind speed and 500 mb height from NCEP
Integrated Global Radiosonde Archive (IGRA) reanalysis (Kalnay et al.,
1996), and temperature from the Santo Domingo Radiosonde from 1990
to 2012 to connect observed variability in PM10 to meteorological
parameters known to affect PM10 concentrations.

Results: Wind and Rainfall

*Low tropospheric, temperature and mid-tropospheric geopotential
found to vary by phase of the MJO (Fig 5).

*Lower than normal heights in the southern cone of South America occurred during
Phases 1, 2 and 8. High heights to the west and centralized over Chile’s central
valley occurred during Phases 3, 4 and 5. Lower heights South/South East of the
southern cone of South America occurred during Phases 6 and 7.
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*PM10 concentrations were found to vary inversely with rainfall. Above normal
rainfall occurred at Phases 1, 2 and 7 while below normal rainfall occurred in
Phases 3, 4, 5 and 6 (Fig 6).

*Horizontal wind at 900mb were found to vary by MJO Phase. At 06Z easterly wind
anomaly occurred during Phases 1,2 and 8. Westerly wind anomaly occurred during
Phases 3, 4, and 5 (Fig 7).
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Figure 6: Frequency of at least 1mm of daily Figure 7: Cross section on 900mb wind

rainfall in Santiago, Chile by MJO phase, May-
August 1990-2012.

Conclusions

* The lower levels of daily PM10 during Phases 1 and 2 correspond to higher than
normal precipitation and weaker morning and evening temperature inversions.
The higher levels of daily PM10 during Phases 4, 5 and 7 correspond to stronger
inversions at 12Z and westerly 900 mb wind anomalies at 06Z (Table 2).

» Phases 3, 4, 6, and 7 corresponded to similar conditions of raco winds which lead
to elevated PM10 concentrations.

anomalies at 06Z in Santiago, Chile by MJO
phase, May-August 1997-2012 with magnitudes
of anomalies in boxes.

* Future work: examine more data, particularly over a longer period of time, and
with meteorological data of a higher resolution in order to draw conclusions with
increased accuracy.
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Figure 4: Interpolated temperature soundings by MJO Phase, May- August 1990-2011 at (a) 12Z (b) 0Z.
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Table 2: Results S , MJO Phases from May to August for 2002-2012
MJO Phase 1 3 4 5 6 7 8
F’?::;S")W 168 128 7 60 79 9 99 106
Pe’f;’;: of | 61 46 26 22 29 3.4 36 338
PM10 low low - high high - high -
Precipitati high high low low low low high high
22 weak weak - strong - strong | strong | strong
Inversion
00z
Inversion none none - present - present | present | present
W2 \Tlie| w w E E E weak E | weak E | W
Low
Tru?r(;::):ere cold cold warm warm - warm warm
Anomalies
Sillantc no no yes yes no yes yes no
IRaco Winds?|




