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Ogden	
  -­‐	
  Salt	
  Lake	
  City	
  –	
  Provo	
  urban	
  area	
  
has	
  a	
  popula0on	
  of	
  2.4	
  million	
  (80%	
  of	
  
Utah’s	
  total)	
  in	
  a	
  120	
  mile	
  corridor	
  
	
  
PM2.5	
  in	
  this	
  region	
  exceeds	
  the	
  NAAQS	
  (35	
  
µg	
  m-­‐3,	
  24	
  hours)	
  an	
  average	
  of	
  18	
  days	
  per	
  
year,	
  exclusively	
  during	
  Nov	
  15	
  –	
  Feb	
  15	
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Emergency department visits for asthma-related illnesses increase
by 42% during days 5e7 of a high pollution episodewhen compared
to days with lower particulate concentrations (Beard et al., 2012).

The increasingly documented health effects associated with
airborne particulates in these winter events (Pope et al., 1991;
Peters et al., 2000), the challenges of forecasting them (Smith
et al., 1997; Baker et al., 2011) and the concern that climate
change might increase pollutant concentrations (Gillies et al.,
2010a,b; Bailey et al., 2011; Mickley et al., 2004; Leung and
Gustafson, 2005) were the impetus for the Persistent Cold-Air
Pool Study (PCAPS, www.pcaps.utah.edu), a research project that
focuses on improving understanding of the thermodynamical and
dynamical processes associated with the persistent stable layers in
the SLV during the 2010e2011 winter (Lareau et al., 2013; Lu and
Zhong, 2014; Lareau and Horel, 2014a,b).

This paper provides context for PCAPS by examining relation-
ships between meteorological conditions and particulate pollution
in the SLV using atmospheric soundings and daily particulate air
pollution measurements over a forty-year period. The broader
objective of our study is to clarify the critical meteorological factors
that control episodes of high particulate concentrations in the SLV
and other similar basins and valleys that experience poor winter-
time air quality.

2. Method

2.1. Measurement sites

The SLV contains the major urban area of Salt Lake City, with a
population of 1,029,655 (Salt Lake County 2010 census; http://
www.census.gov). The SLV has a floor elevation of about 1300 m
MSL, is approximately 40 km in both width and length and is sur-
rounded by the Wasatch Mountains to the east, the Oquirrh
Mountains to the west and the Traverse Range to the south (Fig. 1).
The SLV is open to the north-northwest, where the Jordan River
drains into the Great Salt Lake, a large saline lake with no outlets.

The confined topography of the SLV tends to shield the basin from
strong external winds and trap cold air that drains into the valley
from the surrounding higher terrain or intrudes into the valley with
passing large-scale weather disturbances.

Twice-daily vertical profiles of temperature, moisture and wind
are available from the National Weather Service at the Salt Lake
International Airport (KSLC) and air quality data are available from
the Utah Division of Air Quality (UDAQ) at multiple sites in the SLV
(Fig. 1).

2.2. Air quality data

Air quality data from the UDAQ that are analyzed include carbon
monoxide (CO) and airborne particulate matter regulated by the US
Environmental Protection Agency (EPA). Particulate matter falls
into three categories - total suspended particulates (TSP), particu-
late matter less than 10 mm in aerodynamic diameter (PM10) and
particulate matter less than 2.5 mm in aerodynamic diameter
(PM2.5). The primary 24-h-average NAAQS for TSP was
260 mg m!3 with a secondary 24-h-average standard of 150 mg m!3.
The size range of this sample of particulate matter was governed by
the size-selectivity of the air inlet to the filter on which particles
were collected. This size fractionwas later found to vary depending
on wind speed and direction and in 1987 the standard was super-
seded by a 24-h-average PM10 standard of 150 mg m!3. In 1997, an
additional 24-h-average standard was set for PM2.5 at 65 mg m!3.
This standard was reduced to 35 mg m!3 in 2006.

Daily average data (midnight to midnight Mountain Standard
Time, MST) collected by the UDAQ were obtained from the quality-
controlled EPA database at www.epa.gov/ttn/airs/aqsdatamart. For
CO, daily averages were formed from 1-h averages. Since mea-
surement sites were moved during the 40-y period, we rely most
heavily on the primary stations with the longest periods of record
(POR) for each of the pollutants (HW for PM2.5, NS for PM10, HD for
TSP, and CW for CO). When daily data are missing from the primary
station, linear regression equations are used to estimate the

Fig. 1. Measurement sites in Utah's SLV.
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Meteorology	
  leading	
  to	
  high	
  winter	
  PM	
  events	
  has	
  
been	
  well	
  studied	
  



Major	
  cons-tuent	
  of	
  PM2.5	
  during	
  pollu-on	
  episodes	
  

SIP UDAQ, 2013  

•  Secondary	
  sources	
  
dominate	
  

•  Dominated	
  by	
  secondary	
  
NH4NO3	
  (50	
  –	
  75%	
  of	
  the	
  
total)	
  	
  	
  	
  

•  Secondary	
  NH4Cl	
  may	
  	
  
also	
  a	
  be	
  significant	
  
contributor	
  (10-­‐15%	
  of	
  
the	
  total	
  PM2.5)	
  (Kelly	
  et	
  
al.,	
  2013)	
  	
  

Emissions	
  and	
  the	
  interac0on	
  of	
  chemical	
  mechanisms	
  with	
  boundary	
  layer	
  
dynamics	
  that	
  leads	
  to	
  forma0on	
  of	
  NH4NO3	
  not	
  well	
  understood	
  

	
  
Contribu0on	
  of	
  organic	
  aerosol	
  from	
  residen0al	
  wood	
  combus0on	
  also	
  poorly	
  

characterized	
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Figure 3.2 below shows the contribution of the identified compounds from the speciation sampler both 
during a winter temperature inversion period and during a well-mixed winter period.  

 

 

                               
Figure 3.2, Composite   Wintertime PM2.5 Speciation Profiles 
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Near	
  surface	
  measurements	
  are	
  consistent	
  with	
  secondary	
  PM	
  forma0on	
  in	
  
upper	
  layer	
  of	
  inversion,	
  with	
  entrainment	
  to	
  surface	
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PM2.5 concentrations tend to increase monotonically from day to
day, often exceeding the NAAQS. For the purposes of this paper, a
reasonable threshold based on PM2.5 concentrations and set suffi-
ciently above the diurnal inversion signal, is the mean heat deficit
(4.04 MJ m!2) corresponding to all daily PM2.5 values in the
wintertime POR that exceed half of the PM2.5 standard (i.e.,
17.5 mg m!3). This threshold, indicated in Fig. 3 by a horizontal
dashed line, is equivalent to a constant potential temperature
gradient of dq/dz ¼ 9.5 K km!1 or a mean temperature lapse rate of
-dT/dz ¼ 0.3 #C km!1. Hereafter, a series of 3 or more twice-daily
soundings each having H22 > 4.04 MJ m!2 will be called a persis-
tent cold-air pool or PCAP.

3.1. Air quality

Pollutant concentrations are known to vary on all temporal
scales: diurnal, day-of-week, synoptic, intraseasonal, seasonal,
interannual, and short- and long-term trends resulting from
imposition of control strategies. We briefly summarize some of
those signals in the SLV before turning in the next subsection to
how meteorological factors control some of those behaviors.

Concentrations of all categories of particulate matter and CO are
highest in winter (Fig. 4). For example, monthly mean PM2.5 is
highest in January (24.4 mg m!3) and December (19.6 mg m!3),
while summer values are generally below 9 mg m!3. Only three
summer days exceeded PM2.5 standards at HW since 1999; these
were high wind and wildfire events. Because particulate matter
exceedances are largely confined to winter, further analyses use
data only from the winter half-year.

Hour-to-hour variations in emissions and photochemical pro-
cesses produce a marked diurnal variation of PM2.5 when averaged
over the entire winter season POR (Fig. 5). On days when the 24-h
NAAQS is exceeded, the diurnal variations are more pronounced
with concentrations hovering about 35 mg m!3 at night and
reaching a daily peak close to solar noon. CO, a relatively non-
reactive gas produced largely from tailpipe emissions, has lower
concentrations on the weekends than on weekdays. Weekday/
weekend PM2.5 concentrations, however, do not differ substanti-
vely (see Supplemental Information), suggesting that PM2.5 con-
centrations are controlled to a large extent by chemical and
photochemical reactions in the atmosphere, with reaction rates

such that PM2.5 continues to be generated from precursor gases on
the weekends.

The quantity of data, the number and percentage of violations of
the pollutant standards, and the winter mean concentrations of the
particulate pollutants and CO are presented in Fig. 6. The winter-
time pollutant data sets are reasonably complete after substitutions
for missing data from nearby stations (Fig. 6a). Notable exceptions
include: daily TSP observations were reduced to one daily average
every 6 days starting in 1982e83, with data ceasing in 1989e90;
PM10 data was missing in the first half of the winters of 1985e86,
1992e93 and 1990e00; and PM2.5 data began on 1 January 1999, so
that data for the first half of the winter of 1998e99 are unavailable.

The numbers of winter days with concentrations above the 24-
h-average NAAQS are shown in Fig. 6a and the percentage of daily
wintertime observations exceeding the NAAQS are shown in Fig. 6b.
The valley exceeded TSP secondary standards in the mid-seventies
and early eighties, but has rarely had exceedances of the PM10
standard except in the late eighties and early nineties. The main
continuing problem has been exceedances of the 24-h-average
PM2.5 standard, with the number varying greatly from year to year.
PM2.5 crept upward after observations were initiated and began to
decrease after 2001e2002 when regulations began to take effect.
The number of daily exceedances varied from 1 in 2011e12 to 32 in
2001e02. For the last 14 winters, the NAAQS has been exceeded on
approximately 18 days per winter or 9.6% of the winter days.

The mean wintertime 24-h-average concentration for CO
(Fig. 6c) has had a relatively consistent decline since the mid-to
late-70s. In contrast, the mean wintertime concentrations of the
three particulate pollutants (Fig. 6d), while declining, vary
considerably from winter to winter. This variability, largely caused
by intraseasonal and interannual variability in wintertime large-
scale weather patterns (Gillies et al., 2010a, b), is superimposed
on temporal trends that are strongly affected by the phasing of air
quality regulations. Once a new NAAQS standard is promulgated,
measurements made over the last several years are used to
demonstrate how the non-attainment area will be brought into
attainment with proposed new regulations. A State Implementa-
tion Plan (SIP) is submitted to the EPA and some time is required to
get the plan approved. Pollutant emissions generally rise during
this phase. Regulations are then issued to control emissions and,
over a period of years, air quality improves. The temporal trends
associated with this process are seen in the data for all pollutants in
Fig. 6. The long-term air quality trends caused by the phasing of the
regulatory process complicate climatological studies of the rela-
tionship between meteorological and air quality variables, since
pollutants are controlled variables and meteorological values are
random ones.

The weeks of the year having the highest PM2.5 concentrations
are shown in Fig. 7, using standardized anomalies obtained by
subtracting the climatological winter mean from the climatological
weekly mean of interest and dividing by the standard deviation of
those weekly means. PM2.5 standardized anomalies rise gradually
during the fall and early winter, but start to fall rather precipitously
in mid-February as daily solar radiation totals begin to increase
rapidly and traveling storm systems become more active as spring
approaches. The highest PM2.5 standardized anomalies are found in
the second and third weeks of January. PM10 standardized anom-
alies (not shown) were much more variable than for PM2.5.

The relative frequency of different-length episodes during
which the daily PM2.5 threshold was continuously above
35 mg m!3 are shown in Fig. 8. The longest episode lasted 18 days
(see also Gillies et al., 2010a). As shown in Fig. 3, day-to-day in-
creases in PM2.5 occur as the multi-day episodes evolve. We
compute typical rates of increase during these episodes in two
ways. First, a mean rate of 9 mg m!3 d!1 from the onset to the peak

Fig. 5. Mean PM2.5 concentration versus hour of day for winter (dark shading) and for
days with 24-h-average PM2.5 > 35 (light shading). The daily NAAQS is indicated by the
horizontal line. POR: 20 Feb 2009e21 Feb 2014. This POR differs from the POR for daily
data, as it uses a different instrument.
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All	
  Winter	
  Data	
  

PM2.5	
  >	
  35	
  

Morning	
  Hours	
  
•  PM2.5	
  and	
  O3	
  both	
  show	
  an	
  increase	
  
•  Sharp	
  decrease	
  in	
  “NOx”,	
  CO	
  
•  PM2.5	
  decrease	
  in	
  a-ernoon	
  

At	
  night	
  
•  O3	
  is	
  depleted	
  
•  High	
  “NOx”,	
  CO	
  (!!)	
  
•  PM	
  constant	
  or	
  slowly	
  decreasing	
  

One	
  Day	
  Event	
  from	
  Hawthorne	
  Site	
  

No	
  secondary	
  chemistry	
  at	
  surface	
  at	
  night	
  (no	
  O3)	
  
Day0me	
  PM	
  growth	
  =	
  photochemistry	
  +	
  residual	
  layer	
  mixing	
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•  What	
  is	
  the	
  spa0al	
  distribu0on	
  of	
  key	
  trace	
  gases	
  and	
  aerosols	
  related	
  to	
  PM	
  
forma0on?	
  

•  What	
  are	
  the	
  limi0ng	
  and	
  excess	
  reagents	
  in	
  ammonium	
  nitrate	
  forma0on,	
  and	
  
what	
  are	
  the	
  key	
  source	
  regions?	
  	
  

•  What	
  are	
  the	
  limi0ng	
  and	
  excess	
  reagents	
  in	
  oxidant	
  and	
  nitric	
  acid	
  forma0on?	
  
Do	
  these	
  limita0ons	
  and	
  /	
  or	
  sources	
  vary	
  significantly	
  across	
  the	
  region?	
  

•  How	
  do	
  these	
  distribu0ons	
  and	
  the	
  associated	
  chemistry	
  vary	
  as	
  a	
  func0on	
  of	
  
0me	
  of	
  day?	
  	
  	
  

•  	
  What	
  is	
  the	
  role	
  of	
  the	
  Great	
  Salt	
  Lake	
  and	
  Utah	
  Lake,	
  both	
  chemically	
  and	
  
meteorologically,	
  in	
  regional	
  air	
  quality?	
  	
  

•  	
  Are	
  there	
  significant	
  aerosol	
  sources	
  other	
  than	
  ammonium	
  nitrate?	
  	
  What	
  is	
  the	
  
role	
  of	
  residen0al	
  wood	
  combus0on	
  as	
  a	
  source	
  for	
  organic	
  aerosol?	
  

•  	
  What	
  are	
  the	
  key	
  emission	
  sectors	
  for	
  aerosol	
  precursors?	
  	
  What	
  is	
  the	
  role	
  of	
  
agricultural,	
  industrial,	
  urban,	
  home	
  hea0ng,	
  and	
  natural	
  emissions?	
  

Science	
  Ques-ons	
  
For	
  details,	
  please	
  see	
  

h(p://esrl.noaa.gov/csd/groups/csd7/measurements/2017uwfps/whitepaper.pdf	
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Flight	
  Planning	
  Logis-cs	
  
•	
  Twin	
  O(er	
  to	
  be	
  based	
  at	
  TAC	
  Avia0on	
  at	
  Salt	
  Lake	
  Interna0onal	
  Airport	
  
	
  

•	
  Aircra-	
  endurance	
  /	
  flight	
  0me	
  constraints	
  
Payload	
  =	
  ~1500	
  lbs	
  of	
  instruments	
  +	
  2	
  scien0fic	
  operators	
  and	
  2	
  pilots	
  
Aircra-	
  endurance	
  (Payload	
  +	
  Passangers	
  +	
  Fuel)	
  =	
  2	
  hours	
  45	
  minutes	
  

	
  

•	
  Survey	
  Northern	
  Utah	
  region	
  using	
  two	
  back	
  to	
  back	
  flights	
  with	
  1	
  hour	
  refueling	
  
stop	
  at	
  Salt	
  Lake	
  Interna0onal,	
  total	
  dura0on	
  (flight	
  0me	
  +	
  refueling)	
  of	
  6.5	
  hours	
  
	
  

•	
  Total	
  flight	
  hours	
  available	
  for	
  research	
  flights	
  in	
  Salt	
  Lake	
  City	
  78-­‐80	
  
	
  5.5	
  hours	
  per	
  flight	
  day	
  =	
  14.5	
  research	
  flight	
  days	
  /	
  29	
  flights	
  
	
  Total	
  available	
  flight	
  days	
  during	
  study	
  period	
  =	
  27	
  

	
  

•	
  Takeoff	
  0mes	
  will	
  be	
  staggered	
  day	
  to	
  day	
  to	
  capture	
  early	
  morning,	
  midday	
  and	
  
nighwme	
  periods	
  
	
  

•	
  Weather	
  condi0ons	
  expected	
  to	
  be	
  ~80%	
  clear,	
  but	
  fog	
  may	
  be	
  a	
  limita0on	
  for	
  
some	
  flight	
  days,	
  especially	
  during	
  the	
  later	
  stages	
  of	
  inversion	
  periods	
  
	
  

•	
  Inversion	
  days	
  will	
  have	
  low	
  boundary	
  layer	
  heights	
  
Aircra-	
  cruise	
  al0tude	
  is	
  1000’	
  AGL;	
  can	
  request	
  lower	
  during	
  daylight	
  hours	
  
Make	
  use	
  of	
  missed	
  approaches	
  to	
  airfields	
  to	
  probe	
  boundary	
  layer	
  structure	
  



Boundary	
  Layer	
  Depth	
  

Ceilometer	
  data	
  suggest	
  400	
  –	
  600	
  m	
  BL	
  depths	
  
during	
  periods	
  when	
  inversions	
  are	
  building	
  
	
  
Consistent	
  with	
  aircra-	
  cruise	
  al0tude	
  of	
  1000’	
  
AGL,	
  and	
  possibly	
  lower	
  during	
  daylight	
  hours	
  
	
  
Probe	
  ver0cal	
  structure	
  of	
  boundary	
  layer	
  with	
  
missed	
  approaches	
  to	
  airfields	
  to	
  ~20	
  m	
  AGL	
  



Flight	
  Plan	
  #1	
  

Survey	
  flight	
  to	
  the	
  north	
  of	
  Salt	
  Lake	
  
city	
  including	
  Ogden,	
  Cache	
  Valley,	
  
Beaver	
  River	
  Valley,	
  Great	
  Salt	
  Lake	
  and	
  
Tooele	
  Valley	
   KSLC	
  



Flight	
  Plan	
  #2	
  

Focused	
  survey	
  of	
  urban	
  areas	
  of	
  Salt	
  
Lake	
  and	
  Utah	
  Valleys	
  	
  

KSLC	
  



Current	
  AircraN	
  Schedule	
  

January	
  2:	
  Twin	
  O(er	
  arrives	
  at	
  NCAR	
  Research	
  Avia0on	
  Facility	
  

(RAF),	
  Broomfield	
  CO	
  

January	
  3	
  –	
  14:	
  Integra0on	
  and	
  test	
  flights	
  

January	
  15:	
  Transit	
  to	
  Salt	
  Lake	
  City.	
  	
  Twin	
  O(er	
  based	
  at	
  TAC	
  Air,	
  

Salt	
  Lake	
  City	
  Interna0onal	
  Airport	
  

January	
  17	
  –	
  February	
  12:	
  Research	
  flights	
  in	
  Great	
  Salt	
  Lake	
  basin	
  

	
  27	
  Flight	
  days,	
  approximately	
  78-­‐80	
  flight	
  hours	
  

February	
  13:	
  Transit	
  back	
  to	
  Colorado	
  

February	
  14:	
  De-­‐installa0on	
  at	
  RAF	
  

February	
  15:	
  Twin	
  O(er	
  departs	
  for	
  next	
  mission	
  



•  Overview	
  of	
  2015	
  –	
  2016	
  study	
  
•  Plans	
  for	
  Ground	
  Based	
  Observa0ons	
  

Atmospheric	
  
Sciences	
  Building	
  	
  

Winter	
  (Dec	
  –	
  Feb)	
  2015	
  -­‐	
  2016	
  	
  

RooNop	
  Measurements:	
  
CO2,	
  CH4,	
  NO3,	
  N2O5,	
  NOx,	
  	
  
O3,	
  CO,	
  PM2.5,	
  H2O,	
  
Par0cle	
  Size	
  Distribu0on,	
  par0cle	
  composi0on	
  
Isotopes	
  (13C18O2,	
  2H2

18O),	
  met	
  observa0ons	
  
	
  

Rooftop measurements of chemistry and met parameters MiniVol	
  PM2.5	
  
samplers	
  on	
  WBB	
  
roof	
  

Spatial measurements 

Vertical measurements 

•  Aerosol	
  
back	
  sca(er	
  

•  3-­‐D	
  fields	
  of	
  
ws	
  and	
  wd,	
  
evolu0on	
  



Measurements	
  at	
  Valley	
  Floor	
  and	
  Higher	
  
Eleva0ons	
  

•  Detailed observation of chemical and met parameters  

Church	
  Office	
  Building	
   UU	
  WBB	
  

Winter	
  (Dec	
  –	
  Feb)	
  2015	
  -­‐	
  2016	
  	
  
O3	
  	
  



Time	
  Series	
  of	
  PM2.5,	
  Heat	
  deficit,	
  O3	
  ,	
  NOx,	
  N2O5:	
  A	
  Close	
  
Correla0on	
  Between	
  PM2.5	
  Episodes	
  and	
  Atmospheric	
  Stability	
  

PM2.5:	
  
•  PM2.5	
  varies	
  	
  from	
  0	
  to	
  76	
  ug/m3	
  

•  ~	
  6	
  CAPs	
  events	
  
•  PM	
  enhancements	
  are	
  closely	
  

associated	
  with	
  heat	
  deficit.	
  	
  	
  	
  
•  8	
  exceedances;	
  all	
  occurred	
  during	
  

Feb	
  7	
  –	
  14	
  episodes	
  
Primary	
  pollutants:	
  
•  Enhanced	
  during	
  pollu0on	
  events	
  
•  NOx:	
  <10	
  -­‐200	
  ppb;	
  max	
  CO	
  1	
  ppm	
  	
  
O3:	
  
•  Low,	
  especially	
  during	
  the	
  PM	
  

pollu0on	
  episodes.	
  
N2O5	
  	
  	
  
•  detectable	
  most	
  night.	
  	
  max	
  1.5	
  

ppb;	
  average	
  0.076	
  ppb	
  



Condi0ons	
  During	
  Pollu0on	
  Episodes	
  	
  

PM2.5	
  episodes	
  
are	
  characterized	
  
by:	
  	
  
•  High	
  PM	
  
•  Low	
  O3	
  	
  
•  High	
  NOx	
  
•  High	
  RH	
  
•  Low	
  T	
  <0	
  

PM2.5	
  	
  
•  Day0me	
  high	
  
O3	
  	
  
•  Titrated	
  at	
  night	
  
	
  
NOx	
  
•  Morning	
  peak	
  

~10	
  AM	
  due	
  to	
  
transport	
  

•  A	
  sharp	
  decrease	
  
coincides	
  with	
  
increase	
  in	
  PM	
  

•  NO2	
  is	
  high	
  and	
  
persists	
  through	
  
out	
  the	
  day.	
  ~	
  35	
  
ppb	
  

RH	
  &	
  T	
  
•  Average	
  RH:	
  ~	
  75	
  

%	
  	
  
•  Low	
  T	
  <0	
  

UU	
  WBB	
  



Condi0ons	
  During	
  February	
  6	
  –	
  16	
  Episode	
  

Middle	
  of	
  the	
  episode	
  

Towards	
  	
  the	
  end	
  

8 Exceedances	
  

•  PM2.5	
  increase	
  
rate~	
  7	
  ug/m3	
  	
  

•  Reaches	
  a	
  plateau,	
  
~	
  60	
  ug/m3	
  Same	
  
levels	
  at	
  both	
  UU	
  
and	
  HW	
  



What	
  is	
  the	
  Al0tude	
  to	
  Which	
  the	
  
Surface	
  Level	
  O3	
  Titra0on	
  Persists?	
  	
  

Day	
  6	
  -­‐	
  8	
  

•  Consistent	
  O3	
  levels	
  at	
  U	
  
and	
  top	
  of	
  LDS	
  office	
  
building	
  ~	
  100	
  m	
  agl	
  	
  

•  Complete	
  0tra0on	
  at	
  100	
  m	
  
agl	
  

•  Occasional	
  spikes	
  likely	
  due	
  
to	
  drainage	
  flows	
  from	
  City	
  
Creek	
  Canyon.	
  



Time	
  Evolu0on	
  of	
  Aerosol	
  Layer	
  During	
  Feb	
  6	
  –16	
  Event:	
  	
  
Morning	
  and	
  Nighwme	
  Chemistry	
  Alo-	
  and	
  Day0me	
  Mixing	
  	
  

beginning	
  of	
  the	
  
episode	
  

•  Depth	
  increases	
  with	
  0me	
  
•  Stable	
  @	
  night;	
  unstable	
  during	
  the	
  day	
  within	
  lowest	
  few	
  100	
  m’s.	
  
•  But	
  capping	
  inversion	
  is	
  s0ll	
  present.	
  	
  

•  Ac0vi0es	
  at	
  night	
  
and	
  early	
  morning	
  

•  Mixing	
  happens	
  ~	
  10	
  
am–	
  12	
  noon.	
  

•  Unstable	
  in	
  the	
  
a-ernoon;	
  aerosol	
  
well	
  mixed	
  within	
  
the	
  inversion	
  layer.	
  



Winter	
  2016	
  Average	
  Ambient	
  Ammonia	
  

By	
  Dr.	
  R.	
  Mar0n,	
  USU	
  

•  very	
  different	
  chemical	
  condi0on	
  with	
  high	
  ammonia	
  and	
  low	
  NOx	
  in	
  Cache	
  	
  



Levels	
  of	
  HNO3,	
  NH3,	
  and	
  HONO	
  at	
  HW	
  

Jan 2009 – Feb 
2009 

Kuprov	
  et	
  al.	
  2014	
  

Near	
  Surface	
  Measurements	
  
•  HONO<0.5	
  ppb	
  
•  HNO3<1	
  ppb	
  
•  NH3	
  in	
  10’s	
  of	
  ppb	
  



Instrument	
   Species	
  Measured	
   PI	
  

VAPs-­‐-­‐Aerosol	
  Mass	
  Spectrometer	
   Speciated	
  PM	
  1	
  ;	
  speciated	
  
organics	
  

Dr.	
  Brent	
  Williams	
  
(Washington	
  University	
  in	
  St.	
  Louis)	
  

Iodide	
  Time	
  of	
  Flight	
  Chemical	
  
Ioniza0on	
  Mass	
  Spectrometer	
  

HONO,	
  HNO3,	
  N2O5,	
  ClNO2,	
  other	
  
species	
  	
  

Dr.	
  Hans	
  Osthoff	
  (University	
  of	
  
Calgary)	
  

Proton	
  Transfer	
  Reac0on	
  Time	
  of	
  
Flight	
  Mass	
  Spectrometer	
  

Vola0le	
  Organic	
  Compounds	
  
(aroma0cs,	
  carbonyls	
  etc)	
  

Dr.	
  Dylan	
  Millet	
  
(University	
  of	
  Minnesota)	
  

Nitrogen	
  Oxide	
  CRDS	
   NO,	
  NO2,	
  NO3,	
  N2O5,	
  NOy,	
  O3	
  	
   Dr.	
  Steve	
  Brown	
  (NOAA)	
  

Others	
   PM2.5,	
  CO,	
  CO2,	
  CH4	
  	
  
	
  

Munkh/Lin	
  group	
  	
  (University	
  of	
  
Utah)	
  

Doppler	
  wind	
  lidar,	
  ceilometers,	
  
radiosondes	
  and	
  Hobos	
  

Depth,	
  dynamics	
  and	
  0me	
  
evolu0on	
  of	
  CAPs,	
  ver0cal	
  
structure,	
  forecas0ng	
  

Dr.	
  Sebas0an	
  Hoch,	
  Dr.	
  Erik	
  
Crossman	
  	
  (University	
  of	
  Utah)	
  

AIM-­‐IC	
   PM	
  inorganics,	
  HNO3,	
  NH3	
   Jen	
  Murphy,	
  U	
  Toronto?	
  

>	
  6	
   EPA	
  ORD	
  

Atmospheric	
  Sciences	
  Building	
  	
   Cloud	
  Physics	
  Lab	
  

Atmos.	
  Chem.	
  Lab	
  

Ground	
  Site	
  Measurements:	
  	
  Plan	
  A	
  
Site	
  1	
  



Ground	
  Site	
  Measurements:	
  	
  Plan	
  A	
  

Atmospheric	
  Sciences	
  Building	
  	
  

Cylinder	
  storage	
  with	
  
connec0on	
  lines	
  

Opening	
  between	
  the	
  two	
  
labs	
  Cloud	
  Physics	
  Lab	
  

Roof	
  



Plan	
  B:	
  Ground	
  Site	
  Measurements	
  

Atmospheric	
  Sciences	
  Building	
  	
  

Instrument	
   Species	
  Measured	
   PI	
  

TEOM	
   PM2.5,	
  O3,	
  NOx,	
  CO	
   DAQ/UU	
  

LGR	
  CRDS	
   CO2,	
  CH4	
  	
   University	
  of	
  Utah	
  

Depth	
  and	
  0me	
  
evolu0on	
  of	
  CAPs,	
  
ver0cal	
  structure	
  

ceilometers,	
  and	
  
Hobos	
  
	
  

University	
  of	
  Utah	
  
	
  

AIM-­‐IC	
   PM	
  inorganics,	
  HNO3,	
  
NH3	
  

Jen	
  Murphy,	
  U	
  
Toronto?	
  

>	
  6	
   EPA	
  ORD	
  

PM mass concentration by 
TEOM 

Back scattering 
by ceilometer 



EPA	
  Office	
  of	
  Research	
  and	
  Development:	
  Ground-­‐Based	
  
Observa-ons	
  (Plan	
  A	
  &	
  B)	
  

Instrument	
   Species	
  Measured	
  

CRDS,	
  UV	
  Abs	
   NO2,	
  O3	
  

Chemiluminesence	
  (?)	
   NOy	
  

QCL	
  (Aerodyne?)	
   HCHO	
  

TSI	
  OPC	
  
	
  

PM2.5	
  mass	
  and	
  size	
  
	
  

3	
  x	
  ceilometer	
   0me	
  evolu0on	
  of	
  aerosol	
  layer	
  

2	
  -­‐	
  3	
  x	
  PANDORA	
   -­‐Total	
  column	
  measurements	
  of	
  HCHO,	
  NO2,	
  and	
  O3,	
  	
  
-­‐Al0tude	
  profiles	
  

Ideas:	
  
•  Co-­‐located	
  con0nuous	
  	
  measurements	
  of	
  NO2,	
  NOy,	
  HCHO,	
  O3	
  and	
  PM	
  to	
  study	
  contribu0on	
  of	
  

day0me	
  component	
  in	
  Cache	
  	
  
•  Remote	
  sensing	
  devices:	
  	
  inter-­‐valley	
  comparison	
  of	
  chemical	
  condi0ons	
  and	
  aerosol	
  layer	
  	
  
•  In	
  conjunc0on	
  with	
  UofU	
  met	
  observa0ons,	
  they	
  can	
  be	
  used	
  to	
  study	
  transport	
  pa(erns:	
  

	
   	
  -­‐	
  Lake	
  effects;	
  drainage	
  flows	
  
	
   	
  -­‐	
  Intrusion	
  of	
  cleaner	
  air	
  from	
  the	
  residual	
  layer	
  in	
  3	
  valleys	
  

•  Comparison	
  of	
  HCHO,	
  and	
  PM2.5	
  measurements;	
  Pandora	
  retrieval	
  vs.	
  aircra-	
  



Mobile	
  Laboratory	
  Measurements:	
  Plan	
  A	
  

Funding	
  for	
  mobile	
  laboratory	
  is	
  part	
  of	
  the	
  
Targeted	
  Air	
  Shed	
  Grant	
  and	
  to	
  be	
  decided	
  

NOAA	
  CSD	
  mobile	
  lab	
   Science	
  Ques-ons:	
  
1.  What	
  is	
  the	
  contribu0on	
  of	
  

emissions	
  from	
  wood	
  stoves	
  to	
  
VOCs	
  and	
  fine	
  par0cles?	
  

2.  What	
  are	
  the	
  emission	
  sources	
  of	
  
ammonia?	
  

	
  
Other	
  objec-ves:	
  
1.  Sample	
  in	
  the	
  same	
  basins	
  on	
  the	
  

flight	
  days	
  of	
  the	
  NOAA	
  Twin	
  
O(er	
  to	
  provide	
  perspec0ve	
  

2.  Provide	
  ver0cal	
  and	
  regional	
  
perspec0ve	
  by	
  taking	
  various	
  
roads	
  out	
  of	
  the	
  basin	
  

Dates:	
  January	
  15	
  –	
  February	
  5	
  (3	
  weeks)	
  



Instrument	
   Species	
  Measured	
   Inves-gators	
  

H3O+	
  ToF-­‐CIMS	
   Vola0le	
  Organic	
  Compounds	
   Ma(	
  Coggon	
  
Bin	
  Yuan	
  
Carsten	
  Warneke	
  
Joost	
  de	
  Gouw	
  
(NOAA	
  &	
  CIRES)	
  

LAS	
   Par0cle	
  size	
  (90nm-­‐10µm)	
  

LGR	
  CRD	
   CO	
  and	
  N2O	
  

PSAP	
   Absorp0on	
  

LGR	
  CRD	
   NH3	
   Munkh	
  Baasandorj	
  (UDEQ;	
  
UofU)	
  

Mobile	
  Laboratory	
  Measurements:	
  Plan	
  A	
  

Comments:	
  
•  CO2/CH4:	
  would	
  be	
  good,	
  but	
  space	
  and	
  power	
  may	
  be	
  too	
  limited.	
  Can	
  be	
  

overcome	
  by	
  co-­‐loca0ng	
  sta0onary	
  measurements	
  with	
  Salt	
  Lake	
  City	
  CO2	
  
network,	
  or	
  by	
  coordinated	
  drives	
  with	
  “Nerdmobile”	
  

•  Wish	
  list:	
  filter	
  samples	
  for	
  aerosol	
  composi0on	
  during	
  sta0onary	
  measurements	
  
•  Wish	
  list:	
  Sunset	
  Laboratory	
  filter	
  or	
  semi-­‐con0nuous	
  OC/EC	
  analyzer	
  during	
  

sta0onary	
  measurements	
  



Mobile	
  Laboratory	
  Measurements:	
  Plan	
  A	
  

Sampling	
  strategy:	
  
•  Combina0on	
  of	
  drives	
  and	
  sta0onary	
  measurements	
  to	
  determine	
  diurnal	
  

varia0ons	
  
•  Drives:	
  sample	
  in	
  residen0al,	
  industrial,	
  business	
  areas	
  and	
  along	
  traffic	
  

corridors,	
  and	
  other	
  targets	
  of	
  interest	
  to	
  UDEQ,	
  UofU,	
  Twin	
  O(er,	
  etc.	
  
•  Sta0onary	
  measurements:	
  select	
  a	
  few	
  loca0ons	
  for	
  the	
  mobile	
  laboratory	
  

in	
  consulta0on	
  with	
  UDEQ	
  and	
  UofU	
  to	
  be	
  parked	
  at	
  mul0ple	
  0mes	
  during	
  
the	
  study	
  and	
  construct	
  a	
  diurnal	
  varia0on	
  
(For	
  example:	
  mobile	
  lab	
  storage	
  at	
  UofU,	
  Rose	
  Park,	
  Magna	
  range	
  from	
  
east	
  to	
  west	
  in	
  the	
  SLC	
  basin,	
  not	
  too	
  far	
  from	
  base	
  of	
  opera0ons)	
  

Analysis:	
  
•  Use	
  the	
  drives	
  to	
  characterize	
  specific	
  emission	
  sources	
  
•  Use	
  the	
  sta0onary	
  measurements	
  for	
  source	
  a(ribu0ons	
  of	
  VOCs,	
  fine	
  

par0cle	
  volume,	
  ammonia,	
  BC	
  and	
  CO	
  (using	
  PMF,	
  linear	
  regression	
  etc.,	
  
and	
  using	
  the	
  composi0on	
  of	
  individual	
  sources	
  for	
  comparisons)	
  


