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Abstract. A small airplane made 597 aerosol optical prop- parameter from the airplane and AERONET platforms sug-
erty (light absorption and light scattering) vertical pro- gests similar seasonal variability with smaller particles ob-
file measurements over a rural Oklahoma site betweerserved in the summer and fall and larger particles observed
March 2000 and December 2007. The aerosol profiles obin spring and winter. The observed seasonal cycle of aerosol
tained during these 8 yr of measurements suggest significaribading corresponds with changes in air mass back trajec-
seasonal differences in aerosol loading (scattering and alteries: the aerosol scattering was higher when transport was
sorption). The highest amounts of scattering and absorbindgrom polluted areas (e.g., the Gulf Coast) and lower when the
aerosol are observed during the summer and the lowest loadiir came from cleaner regions and/or the upper atmosphere.
ing occurs during the winter. The relative contribution of
aerosol absorption is highest in the winter (i.e., single scat-

tering albedo is lowest in winter), particularly aloft. Aerosol

absorption generally decreased with altitude betevskm 1 Introduction

and then was relatively constant or decreased more gradually

above that. Aerosol scattering decreased sharply with altiUnderstanding the temporal and spatial variability of aerosol
tude below~1.5km but, unlike absorption, also decreasedoptical properties is important for relating aerosols to their
at higher altitudes, albeit less sharply. Scattedmgstom  sources, quantifying the effects of transport and transfor-
exponents suggest that the aerosol was dominated by sulation on the aerosol and understanding the contribution
micron aerosol during the summer at all altitudes, but thatof aerosol to such wide-ranging concerns as health, visi-
larger particles were present, especially in the spring andility and climate. The vertical variability of aerosol par-
winter above 1km. The seasonal variability observed forticles in the atmosphere is an aspect of aerosol spatial dis-
aerosol loading is consistent with AERONET aerosol opti- tribution that has been less well studied than the horizontal
cal depth (AOD) although the AOD values calculated from Vvariability, in large part because it is more difficult to sam-
in situ adjusted to ambient conditions and matching wave-ple aloft than from a ground-based platform. Haywood and
lengths are up to a factor of two lower than AERONET Ramaswamy (1998) observe that the magnitude and sign of
AOD values depending on season. The column averagederosol radiative forcing are partly determined by the vertical
single scattering albedo derived from in situ airplane mea-distribution of the aerosol. More recently it has been shown
surements are similar in value to the AERONET single scat-that errors in the assumptions about the shape of aerosol pro-
tering albedo inversion product but the seasonal patterns arféles can cause errors in aerosol optical thickness retrieved
different — possibly a consequence of the strict constraints ofifom satellites (Rozwadowska, 2007). Of particular inter-
obtaining single scattering albedo from AERONET data. A est for climate change is the question of the vertical distri-
comparison of extinctioAngstm exponent and asymmetry bution of absorbing aerosol in the atmosphere (e.g., Hay-
wood and Ramaswamy, 1998; Ramanathan et al., 2001). Ra-
manathan et al. (2001) showed that the vertical profile of
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atmospheric aerosol profiles could change calculated direct Here we address the following scientific questions using
radiative forcing. Recent modeling studies utilizing a small measurements made by DOE'’s In situ Aerosol Profiles (IAP)
number (55) of vertical black carbon (BC) aerosol profiles airplane:

from multiple field campaigns at various locations have met

with limited success (e.g., Koch et al., 2009; Vignati et al., — Are there seasonal differences in vertical profiles of

2010) due perhaps to coarse temporal resolution of the com-  aerosol properties?

parisons (2 to 10 measured profiles were compared with the _ )

modeled monthly means for the month the profiles were ob- — Are the seasonal trends consistent with other aerosol
tained) or to an oversimplified algorithm for describing trans- measurements?

port and transformation of the black carbon. More recent

model/measurement comparisons (Skeie et al., 2011) con-
tinue to suggest our ability to measure and/or model absorb-
ing aerosol in the atmosphere needs improvement. These
.modeI/measurem.ent comparison papers focuged on absorp- Experimental approach
ing aerosol and did not discuss how measured in situ aerosol

scattering profiles compared with model results. Profiling flight measurements were conducted over DOE’s
Lidar provides an alternative to in situ vertical profiling gguthern Great Plains (SGP) site near Lamont, Oklahoma
and can provide insight into the vertical loading and variabil- (36 .6 N, 97.5 W, 315m above sea level; a.s.l). The site
ity of aerosol particles; however, deriving profiles of aerosoljs in north central Oklahoma, making it a location relatively
absorption or other properties (e.g., single scattering albedgdemote from large sources of anthropogenic pollution. The
asymmetry parameter) useful for radiative forcing calcula-three nearest large cities (Wichita, KS, Tulsa, OK, and Ok-
tions from lidar measurements is still in its infancy (e.9., |]ahoma City, OK) are all more than 100km away. The
Veselovskii et al., 2005; Miller et al., 2001). Measurements airhorne aerosol optical measurements reported here began
from ground-based sun-sky radiometers can be inverted t®1arch 2000 and observations from the first 2 yr of airborne
obtain aerosol size distributions, single scattering albedo, andyeasurements (253 flights) have been described previously
asymmetry parameter (Dubovik and King, 2000; O'Neill et (Andrews et al., 2004). Here, with a longer data set cover-
al., 2003) but these retrievals are representative of the atmang g yr and 597 profile flights, the seasonal variability of the
spheric column rather than any specific location aloft and argyerosol optical property profiles is explored. This longer data
typically limited to clear sky conditions. set allows an exploration of similarities and differences with
While in situ aerosol aircraft profiling has often been usedthe previously published vertical profiles, particularly after
for short field campaigns in the last three decades (e.g., Husajome platform and payload improvements in 2005 and 2006.
et al., 1977; Kim et al., 1988; Li et al., 1997; Osborne and The aerosol profiling program ended in December 2007, al-
Haywood, 2005; references in Koch et al., 2009), it can alsahough the plane is still making vertical profile flights of gas

be a relatively inexpensive method to measure aerosol pro%hase Components (Ozone’ carbon Cyc|e gases) over the SGP
erties in the vertical over the long term using a dedicated lightgjte.

aircraft. University of Maryland made summertime aerosol

and gas phase profiling measurements in a small airplane &1 In situ aerosol measurements

various locations on the east coast of the US between 1997

and 2003, with a focus on pollution events and air quality The aerosol system on the IAP aircraft has been described
(e.g, Taubman et al., 2006; Hains et al., 2008). The Univerin detail elsewhere (Andrews et al., 2004) so only a brief
sity of Maryland program lasted over 6 yr, however flights description is given here. The airplane, a Cessna 172XP,
were primarily flown in the summer so analysis of the annualwas originally instrumented with an integrating nephelome-
cycle is not possible with their data set. In contrast, NOAA ter (TSI-3563, three-wavelength £ 450, 550 and 700 nm),
and Department of Energy/Atmospheric Radiation Measuretotal and hemispheric-backscatter capabilities) and a filter-
ment (DOE/ARM) developed a light aircraft-based aerosolbased light absorption instrument (Radiance Research Par-
profiling platform for year-round, long term measurementsticle Soot Absorption Photometer (PSAP),=€ 565 nm ad-

of climatically important aerosol properties. This platform justed to 550 nm). A heater upstream of the instrumentation
was implemented at the DOE site in Oklahoma (e.g., An-ensured that measurements were made at low relative humid-
drews et al., 2004) and a similar platform also operated oveity (RH) conditions (RH< 40 %); the aerosol inlet ensured

a NOAA surface site in central lllinois between 2006—2009 that only sub-micrometer aerosol were measured. In summer
(Sheridan et al., 2011). The DOE airplane measured climat2005 the airplane was upgraded to a Cessna 206 with the ca-
ically relevant in situ aerosol property profiles between 2000pability of flying to higher altitudes. At this time the aerosol
and 2007. This unique data set spanning eight years and coinlet was changed to the shrouded inlet design described by
sisting of 597 in situ aerosol vertical profiles is reported on Clarke et al. (2004) and McNaughton et al. (2007). The cut
here. size for this inlet on the Cessna 206 has been estimated to be

— Do these differences correspond with source re-
gion/transport?
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approximately 7 um, while calculations of particle removal 2000 002 o0s 006 008
in the tubing downstream of the inlet suggests 5 um particles  sf
are passed with 50 % efficiency to the instrument package :
(Sheridan et al., 2011). In March 2006 the PSAP was up-
graded to a 3-wavelength instrumehtf 467, 530, 660 nm),
resulting in almost 2 yr of vertical profiles of spectral absorp-
tion. Ambient temperature and relative humidity were also
measured utilizing a Vaisala Humicap sensor mounted on the
outside of the aircraft.

The airplane flew 1-3 profiles per week during daylight
hours. For the first 6 yr of the program, the profile pattern
consisted of a 9 level stair-step descent fro@i700 m a.s.l. B
down to ~460ma.s.l. (flight levels at 3657, 3048, 2438, g
1828, 1524, 1219, 914, 610 and 457 ma.s.l.). The plane of
spent approximately 10 min in level flight at the four highest ;000 2002 2004 2006 2008
levels and then 5min at each of the five lower levels. Af-
ter the airplane upgrade in August 2005 an additional flight
level at 4575 m was added; the plane flew at this altitude _ _ ) _ o
for 10min. Between March 2000-June 2005, 628 fIightsF'g' 1._Contourt|me series showing aerosol I_|ght scattering in terms

. : of fractional year and altitude for the 8 yr of airplane measurements.
were flown corresponding te-2.24 flights/week, however

- . . ) . Gap in the time series around 2005.5 was during the upgrade to
due to system troubleshooting, issues with air traffic CON-3 new airplane and inlet. Black dots on figure indicate individual

trol and weather only 458 flights included all 9 flight levels. fjight segments from the 597 flights flown between 2000-2007.
Between September 2005 and December 2007, 182 flights

were flown, corresponding te'1.5 flights/week. Again in-
strument trouble-shooting, weather and some different flight

plans for non-aerosol instrumentation resulted in 139 com-Exponent &p), analogous to the scatterifngstiom ex-

plete aerosol profile flights (i.e., flights with all 10 flight lev- POnent. but here we applied a power law fit to the spectral
els). Table 1 lists the monthly and seasonal breakdown oftPSOrption:oag;. ~ (1)~%P (Moosnilller et al., 2009); and
the flight data for the 458 complete flights flown between as_ymmetry parameter, estimated with the empirical relation-
March 2000 and June 2005 and the 139 complete flights besShiP ¢ = —7.1439%° +7.4644° — 3.9636 +0.9893, where
tween September 2005 and December 2007. Figure 1 is g is the ratio of hemispheric backscattering to total backscat-
time series contour plot of aerosol light scattering as a func{€finNg Ebsposp), also called backscatter fraction (Andrews
tion of altitude for the entire time period. The black dots €t al., 2006). Additionally, for qualitative comparison with
indicate individual flight levels and demonstrate there wasmodel output and chemical measurements, equivalent black
little temporal bias in flight coverage. The seasonal oscilla-carbon (EBC) concentrations were derived from light absorp-
tion of flight level altitudes occurs because the pilot flies ation measurements made by the PSAP assuming that all light
fixed pressure altitudes, not geometric altitudes. a_lbsorptlo_n was caused by black carbon with a mass absorp-
The measurements were subjected to a set of standard alion coefficient of 7.5g™* at 550 nm wavelength (as rec-
justments and corrections. The absorption measuremen@mmended by Bond and Bergstrom (2006) for fresh black
were adjusted for instrument artifacts (e.g., filter spot sizec@rbon). We call this EBC because if the aerosol absorption
and flow) and interference by scattering aerosol depositedVas caused by other species, such as organic carbon or dust,
on the filter following the method described in Bond et OF if aging influenced the optical properties (_)f the abs_orbmg
al. (1999) with the modifications described by Ogren (2010)@erosol then the value of 7.5m~" would be inappropriate
for the 3-wavelength version of the instrument. The neph-(Bond and Bergstrom, 2006).
elometer light scattering measurements were corrected for The parameterg and &sp provide information about the
instrument non-idealities (e.g., truncation angle) based orsize distribution of the aerosol particles in an air mass.
work by Anderson and Ogren (1998). The measurementdAsymmetry parameter is derived from backscatter fraction,
are reported at standard temperature and pressure (STRyhich provides information about the small end of the size
Tstandare= 0°C and Pstandara= 1013.25 hPa. distribution, while scattering'\ngstrbm exponents are used
From the measured aerosol absorptioshp), Scat-  to identify the presence or absence of large aerosol parti-
tering (sp and backscatteringofsp coefficients, sev- cles such as dust or sea-salt. The meaning of the scatter-
eral climatically important aerosol optical parametersing Angstrbm exponent changes depending on the shape of
can be calculated. These include: single scatteringhe size distribution. If the size distribution is mono-modal,
albedow, = osp/(osp+ oap); scatteringﬁ\ngstrbm exponent thena “smaller"‘éSp means a decrease in particle size. If the
&sp = —log(ospil(ospj) /109(1il(A}); absorption,&ngstrt')m size distribution is bimodal, then “smalleds, means that

altitude (km)

Scattering (Mm™)
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Table 1. Temporal statistics for 458 complete profile flights between March 2000 and Juné 208339 complete profile flights between
September 2005 and December 2007.

3/2000-7/2005 9/2005-12/2007

Season #flights/season  #flights/month #flights/season  #flights/month
Spring 135 41 (March) 25 11 (March)

31 (April) 8 (April)

63 (May) 6 (May)
Summer 111 23 (June) 35 11 (June)

42 (July) 10 (July)

46 (August) 14 (August)
Fall 105 38 (September) 48 15 (September)

32 (October) 17 (October)

35 (November) 16 (November)
Winter 107 35 (December) 31 16 (December)

37 (January) 8 (January)

35 (February) 7 (February)

* Only flights over the SGP CART site with all 9 (10) level legs are included in this table.

the fine mode co_ntrlbut_es relatlvely more scattering than thepp,. o Representative uncertainty measurements.
coarse mode. Discussion in Collaud Coen et al. (2007) sug-
gests that, for the wavelengths discussed here, the backscatter
fraction and, henceg is most sensitive to the smallest accu-

Variable  hight osp,  high? osp,  low3 osp,  low? osp,

. ’ ; h e 5min 10 min 5min 10 min
mulation mode particles, i.e., diamete0.4 um, whileagp is
most sensitive to particles in the 0.5-0.8 um diameter range sp 3.85 1.17 2.31 0.41
(see their Fig. 7). Thus changes in these two parameters re- °ap 8'3? 8'(2)2 8'(2)2 8-(2)‘11
flect changes in different parts of the size distribution and, £ 0'45 0'45 0'45 0'47
depending on the shape of the aerosol size distribution, can osp ' ' ' '

. dap 141 2.1 1.86 4.50
vary independently. 0.25 0.48 0.29 1.49

The calculation of uncertainties for the nephelometer and
PSAP measurements as a function of averaging time and
loading are described in Sheridan et al. (2002) and refer-
ences therein. The uncertainties are important when look-
ing at measurements made for low loading conditions as wa:
frequently the case for many of the higher altitude flight legs.

Aerosol optical parameters are calculated for 4 representative. q q loaded f he AERONET si
cases (high scattering, 5 min averages (representative of sur:zlOn products were downloaded from the site
i

mertime measurements at the surface); low scattering, 5m thp://aelronet.gsfc.nasa.QovahaI;ky et 'aI. (2010), uti-
averages (representative of wintertime measurements at tHbZ'ng a different set of Iong_ term radiometric megsurements,
surface); high scattering, 10 min averages (representative d?Oted no long term trend in AOD at th_e .SGP site over the
summertime measurements aloft) and low scattering, 10 mifi M€ Period from 1992-2008; thus utilizing the long term
averages (representative of wintertime measurements anft)o.‘ERONET data set is unlikely o bias t_he comparisons de-
These calculations are presented in Table 2 and referenced ﬁ?”bed here. The almucantar inversion products include

osp=50Mm~L; 2 555 = 20Mm~1; 3 65p=30Mm—1; 4 55p=5Mm—1

?1994—2011) of “Level 2.0” aerosol optical depth (AOD)
gnd Angstidm exponent and Level 2.0 almucantar inver-

the discussion of the observed profile results column-average, andg and information about the aerosol
' size distribution (Dubovik and King, 2000; O’Neill et al.,
2.2 AERONET measurements 2003). The aerosol properties obtained from AERONET dif-

fer in wavelength, altitude range covered, humidity condi-
AERONET sun photometer measurements have been madens and particle size cut from those observed using the in
at the SGP surface site since 1994. Because we are fasitu instruments on the aircraft. Nonetheless, by adjusting
cused on comparing the aerosol seasonal climatology fronthe in situ measurements to ambient conditions (i.e., using
AERONET and the in situ profiles rather than a flight-by- seasonal estimates of hygroscopic growth from surface mea-
flight comparison, the entire available AERONET data setsurements; accounting for wavelength differences by using
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an,&ngstlbm adjustment fossp andoap, and averaging over  scattering and absorption are not statistically different from
the column we can quantitatively compare seasonal mediansach other at the 0.99 confidence level. These profile plots
of column properties derived from the in situ measurementsshow that at the highest altitudes very little aerosol is mea-
with those for the AERONET data products. sured. This can lead to outliers in the calculation of derived

aerosol properties suchag, &sp aspandg. Here the derived

properties are only calculated when the scattering at 550 nm
3 Results and discussion was greater than 1 Mrr.

The SGP surface site has a variety of ground-based instru-
There are significant seasonal differences in the profiles ofnentation for measuring atmospheric extinction. These in-
median aerosol optical properties measured over the SGP sitdude Raman lidar, which provides extinction profiles (e.g.,
(Fig. 2). Figure 2a and b depicts aerosol absorption and scatfurner et al., 2001) and radiometric measurements which
tering at low RH &40%) and STP for both time periods vyield column average extinction (AOD) (e.g., Michalsky et
and, thus, both inlet size cuts. Regardless of inlet size cutal., 2010). As with the in situ aerosol extinction profiles re-
more aerosol loading (as indicated by absorption and scatported here (Fig. 2c), both Michalsky et al. (2010) and Turner
tering) is observed during summer than for any other seaet al. (2010) find the highest extinction occurs in the summer
son, while the least amount of aerosol loading is observedind the lowest in winter, with fall and spring in between the
in the winter. Additionally, the shapes of the aerosol pro- summer and winter values. The observed seasonality in ex-
files shown in Fig. 2a and b suggest that increased amountsnction is consistent with other measures of aerosol loading
of aerosol extend higher in the atmosphere in the summein the region, including surface measurements of aerosol op-
than at other times of year, reflecting changes in the boundtical properties at SGP (Sheridan et al., 2001; Delene and
ary layer height and enhanced vertical mixing in the summerQOgren, 2002). IMPROVE network measurements of aerosol
Near the surface, summertime scattering and absorption amass in the central US also typically show the most mass
approximately a factor of two higher than the scattering andduring the summer, primarily due to increases in the sul-
absorption observed in winter, while at higher altitudes sum-fate aerosol mass (Malm et al., 2004). Malm et al. (2004)
mertime scattering may be a factor of 10 larger than that obsuggest that the amount of organic aerosol, another poten-
served in the winter and summertime absorption may be 3+ially large scatterer, is fairly invariant throughout the year
4 times larger than the wintertime absorption. Median EBCand region. A more direct comparison can be done between
ranges from a maximum of approximately 250 ngivin the in situ and lidar extinction profiles. Turner et al. (2001)
the summer at low altitudes<(L km) to 100 ng m over the presents seasonal mean vertical profiles of extinction from
same altitude range in winter. At higher altitudesl(5 km) a Raman lidar as a function of aerosol optical depth (their
EBC is less than 100 ngi for all seasons except summer Fig. 1) so it is difficult to quantitatively compare with the
and is less variable with altitude than below 1.5 km. The es-seasonal median vertical profiles presented here; nonethe-
timates of EBC in Fig. 2a are somewhat lower than predictedess, the shapes of the lidar-derived extinction profiles as a
by the work of Park et al. (2003). Park et al. (2003) usedfunction of season are quite similar to those obtained from
a combination of elemental carbon measurements from thehe in situ airplane profiling. The seasonal variability and
Interagency Monitoring of Protected Visual Environments general shape of the light extinction profiles derived from
(IMPROVE) network and model simulations to determine the in situ data (Fig. 2c) is also consistent with the east-
the spatial distribution of carbonaceous aerosol concentraern United States seasonal average extinction profiles from
tions across the US. They suggest concentrations of annu@ALIPSO reported by Yu et al. (2010). The CALIPSO pro-
mean elemental carbon in the region to be 400-500Tym files are ambient nighttime extinction measurements made
There were no IMPROVE sites in Oklahoma at the time of between June 2006—November 2007 over a very large region
their study, so the predicted values of EBC in the region of(~4 million km?) so a closer comparison with these in situ
the SGP site were the result of filling the gap in measure-measurements is inappropriate. A more detailed statistical
ments between the eastern and western US. comparison of seasonal profiles for CALIPSO and these air-
Figure 2 includes horizontal lines indicating the upper andplane measurements is in progress.

lower quartile of the summer and winter measurements. The Vertical profiles ofw, (low RH<40 %) also vary by sea-
guartiles were of similar magnitude for spring and fall, but son (Fig. 2d), particularly above 1000 m a.s.l. in the winter.
are not plotted for graphical clarity. There is little overlap Above 1000 m, the median wintertinag is lower (more ab-
of these seasonal quartile lines for the measured paramesorbing) than at any other time of year and decreases substan-
ters (e.g., absorption, scattering, extinction), but more overtially between 1000 ma.s.l. and 3700 ma.s.l. This is due to
lap for the calculated parameters. The Mann-Whitney U-tesia greater decrease in scattering relative to absorption at these
(Fay and Proschan, 2010) suggests that the differences olaltitudes (Fig. 2ab). In contrast, the spring and summertime
served between summer and winter scattering and summes, values tend to be higher (i.e., the aerosol is less absorbing)
and winter absorption profiles are significant to greater tharthan those observed in winter. Above 1km, the spring and
the 0.99 confidence level. Spring, fall and annual profiles offall w, profiles lie in between the winter and summer profiles
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Fig. 2. Vertical profiles of aerosol optical properties and ambiefRH. Solid lines are for March 2000—June 2005 time period (sub1-micron);
dotted lines are for September 2005-Dececember 2007 time period (sub7-micron). Data are 40 ®Hwavelength- 550 nm unless
otherwise noteda) aerosol light absorptior{p) aerosol light scatterinr) aerosol light extinctiorid) single scattering albede) scattering
,&ngstrbm exponent 550/700 nm pd() absorption&ngstrbm exponent 467/530/660 {ig) asymmetry parametéh) asymmetry parameter

(700 nm)(i) ambientT (j) ambient RH. Horizontal lines indicate 25th and 75th percentiles for winter (blue) and summer (gold) for sub-
micron inlet data. Plots only include complete flights. Single scattering albedo, scattering and absf!mgﬁm'bm exponents, sub-micron
scattering fraction and asymmetry parameter were only calculated for scattering (55(1rM1)1—1.

and are similar to the annual mediap profile. At the low- gests summer and winter, values are different at the 0.99
est flight levels the most absorbing aerosols are observed inonfidence level above 1.2 km.

fall (w, ~0.93), while thew, values for the other seasons are

quite similar (0.94-0.95). In general, medianvalues in the The lower w, aloft in winter is unlikely to be due
lower column 1.2 km) agree well with the long term sur- 10 signal to noise issues as increased noise and/or issues
face value reported for SGP (0.94—0.95) (Delene and Ogrerivith instrument detection limit would not introduce a bias.

2002; Sheridan et al., 2001). The Mann-Whitney U test sug-Uncertainties in single scattering albedo are presented in Ta-
ble 2. These uncertainties suggest that the decreasg in
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observed here are real and not due to a sampling artifact overtical profile measurementséﬁgstrbm exponent present
noise. The lowy, aloftin winter may be due to processing of a consistent picture, measurement climatologies at the sur-
the aerosol during long range transport. As will be discussedace SGP site show the opposite — both Sheridan et al. (2001)
later, the winter trajectories tend to descend from high alti-and Delene and Ogren (2002) report sma&lagstrbm expo-
tude, suggesting the aerosol may be been aloft for some timaents (i.e., larger particles) in the summer than at other times
giving it time to undergo atmospheric processing (e.g., coagof the year. This discrepancy between surface and profile cli-
ulation, condensation, wet and dry scavenging). The effectmatologies is somewhat surprising given the good agreement
of cloud scavenging decreasing in sity values has been between scattering measurements made at the susfpaad
previously noted (e.g., Berkowitz et al., 2011; Marcq et al., the lowest flight leg (LL) (150 m above ground level) (e.g.,
2010; Sellegri et al., 2003). Figure 2d also suggests theresy | =1.02x ogp 5+ 3. 73(R?=0.94)). However the rela-
is a difference in the shapes of the single scattering albeddionship between surface and lowest flight Ie#eigstrom
profiles for the two different time periods. The profiles ob- exponent for the 2005-2007 time period is not as strong:
tained with the sub7-micron inlet show a constant or slightly &5 | = 1.06x &p s — 0.23(R%2=0.72). The surface clima-
increasingw, with altitude for all seasons except winter. In tology may differ due to agricultural activities in the area
contrast, the sub-micron profiles suggest a decreass, in and/or thermal convection generating super-micron particles
with altitude as was noted in Andrews et al. (2004). A simi- (dust/soil) which are not sampled by the airplane measure-
lar decrease in sub-micrae, with altitude was observed by ments.
Taubman et al. (2006) for 160 summertime sub-micign Absorption Angstiom exponent profiles are plotted in
profiles obtained from flights over the mid-Atlantic region of Fig. 2f. The values for summer, fall and winter are mostly
the United States. For the SGP profiles, this change,in inthe 1.04+ 0.2 range suggesting absorption is dominated by
profile shape for the two time periods could be due to differ- elemental carbon. The median springtime values of absorp-
ences in the inlet size cut or to real differences in the aerosotion Angstiom exponent are consistently larger than for the
optical properties for the two time periods or to a combina- other season$, spring~ 1.3 at lower altitudes and increas-
tion of both; unfortunately the types of measurements thatng up to&apspring™~ 1.8 above 2000 m). An increase dg
could help determine the cause (e.g., aerosol chemistry, sindicates the presence of species that absorb more strongly
multaneous measurement of the size dependence of absorat shorter wavelengths than black carbon, which might be
tion and scattering) are not available. associated with dust or with organics from biomass burn-
Figure 2e shows the seasonality of the scatte&ingsttt')m ing (Moosniiller et al., 2009; Kirchstetter et al., 2004). As
exponent (550/700 nm wavelength pair). This figure demon-discussed above, the scatterihiggstm exponent (Fig. 2€)
strates the importance of inlet size cut in characterizing parprofile also supports the possibility of springtime dust trans-
ticles. For the first 6yr, the program only measured sub-port to the site. Another feature of this plot is tla$ appears
micron aerosol and this is reflected in tAegstrom expo- to be relatively constant with altitude up te2500m. El-
nent values for that time period & is typically greater ~emental carbon has an absorptiéngstlbm exponent near
than 2.0 regardless of season and altitude. Once the inlainity (i.e.,aap~)fl) based on the assumption of constant
was upgraded to allow sampling of super-micron aerosol, théndex of refraction and particles small relative to the wave-
profiles ofAngstiom exponent exhibit more variability both length of light. Bond and Bergstrom (2006) suggest that
with altitude and season. Below 1.5km the aerosol appear§constant refractive index for light absorbing carbon at vis-
to be dominated by submicron particles regardless of seasoible wavelengths is consistent with available data”. The val-
(&p> 1.8). Low values obsp, for the winter and spring pro-  ues lower than 1.0 observed here may be partially explained
files suggest a significant presence of larger aerosol at highdf the aerosol index of refraction changes slightly with wave-
altitudes &1.5km). Again, the calculated uncertainties (Ta- length or the size of the absorbing particles approaches the
ble 2) suggest the low values observed here in spring andneasurement wavelength. Unfortunately the uncertainties in
winter are unlikely to be due to sampling artifact or noise. the &, calculation are larger than the median valuespf
The large particle signature in the spring could be due to longTable 2) implying that the observed differences are below
range transport of Asian dust aerosol across North Americahe detection limits of the instrument.
(Augustine et al., 2008; VanCuren and Cabhill, 2002). Sum- Asymmetry parameter vertical profiles also show sea-
mertime aerosol still appears to be dominated by sub-microrsonal differences. We have included profile plots of asym-
aerosol as, even with the new inlet, tﬁegstrt')m exponent metry parameter for both 550nm (Fig. 2g) and 700 nm
is ~2.0 through most of the profile. The faangstrt')m ex- (Fig. 2h) wavelengths as they show somewhat different be-
ponent profile also indicates the primary influence of sub-havior and the 700 nm wavelength is closer to the wave-
micron particles throughout the column. length (673 nm) utilized for the AERONET comparison later
A climatology of the column averagéngstiom exponent  in the paper. For both wavelengths, the fall season (and,
at the SGP site is consistent with these observations in that ito some extent, winter) values gftend indicate enhanced
also suggests the smallest particles are observed in summamounts of small €0.4 um) particles while the trend is
(Michalsky et al., 2010). While the column average and thethe opposite in the summer. This could be due, in part,
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to enhanced gas-to-particle conversion during the warmeexpected, summer temperatures are consistently higher than
summer months. A difference between the profiles for thethose measured in winter (Fig. 2h), with fall and spring tem-
two wavelengths is that the seasonal dependence af  peratures lying close to the annual median value. Both tem-
700 nm is more consistent with tiegstm exponent val-  perature and relative humidity values decrease with altitude
ues (Fig. 2e) (i.e., above 1.5km small particles dominate inwith slight kinks indicating seasonal changes in atmospheric
summer, larger particles in the winter). Again, uncertainty structure and boundary layer height. The temperature val-
calculations in Table 2 suggest the seasonal and spectral diftes for the two time periods are quite similar, although the
ferences irg may be below the detection limits of the instru- wintertime temperatures for the second time period are a few
ment. degrees warmer at lower altitudes. For both time periods,
An interesting feature of the asymmetry profile plots is the above 1 km, the summer RH values are higher than the other
shift in g to lower values after the installation of the sub7- seasons and the winter RH tends to be lower than the other
micron inlet. Several hypotheses might explain this, includ-seasons. The 2005-2007 time period appears to be drier for
ing: (1) a problem with the sub7-micron inlet preferentially all seasons consistent with the on-going drought conditions
sampling smaller€0.4 um) particles; alternatively the sub1- in Oklahoma. In general, the RH values tend to be quite
micron inlet had losses of sub-1-micron aerosol in that sizelow — median values are less than 60 % while even the up-
range; (2) the equation used to calculgis flawed; (3) there  per quartiles of RH in summer are less than 65% RH. Fer-
was a consistent shift in atmospheric aerosol size distriburare et al. (2006) compared the IAP RH measurements with
tion before and after the inlet was upgraded to the sub7-other measurements of water vapor during a short springtime
micron cut size; alternatively the flights in 2005-2007 were field campaign in 2003. They found that the IAP water vapor
somehow biased towards sampling conditions with more acimeasurements were consistently lower (up to 20 %) than the
cumulation mode particles. We believe we can eliminateother techniques used to obtain this parameter.
(1) based on the detailed characterization of the sub7-micron The RH plot suggests median boundary layer (BL) heights
inlet (Clarke et al., 2004; McNaughton et al., 2007). Point (2) to be ~500 ma.s.l. for winter ané~1200 ma.s.l. for sum-
has its merits. For example, Doherty et al. (2005) suggestedner based on the subjective criterion of a kink in the RH
that changes in backscatter fraction (from which asymme-profile (Seibert et al., 2000). Seasonality of BL heights
try parameter is calculated) can also be driven by parti-over the SGP site are discussed in Turner et al. (2001) and
cle shape and that we may not fully understand the uncerbella Monache et al. (2004). Turner et al. (2001) suggest
tainty associated with corrections applied to the nephelomemean BL heights to be 700m and 1500 ma.s.l. for winter
ter data. This suggests that backscattering fraction (andand summer respectively. They present their findings in
hence, asymmetry parameter) may not be a robust indicaterms of mean (as opposed to median) BL height so their
tor of particle size, particularly for data at low RH condi- results are not directly comparable with these observations
tions where particle sphericity is not assured. Additionally, or those of Della Monache et al. (2004). Della Monache et
Liu et al. (2008) demonstrate the complex relationship be-al. (2004) find a similar pattern with slightly higher median
tween asymmetry parameter, aerosol refractive index, waveBL heights —they suggest median winter time boundary layer
length and&ngstrbm exponent (their Figs. 5 and 7 and re- heights are~1000 ma.s.l. and median summertime heights
lated discussion). However, there was excellent agreemerdre~1800 ma.s.l. while spring and fall BL heights lie in be-
between the method utilized here for calculatingnd other  tween these values. Della Monache et al. (2004) performed
independent means of calculating the asymmetry parametemixing height calculations for the first 2 yr of the airplane
both aloft and at the surface during a field campaign at thelights and investigated how the degree of mixing affects the
SGP site (Andrews et al., 2006). A consistent shift in thevertical variation of aerosol optical properties. They found
size distribution (Point 3) seems unlikely although ambientthat aerosol properties obtained when the airplane was in the
RH statistics (Fig. 2i) were slightly lower (by10 % RH) in BL were highly correlated with measurements at the surface.
the 2005-2007 time period than for the 2000—-2005 time pe-Above the BL the aerosol measurements were poorly corre-
riod, suggesting a slight change in atmospheric conditionslated with surface measurements.
Additionally, there were fewer early morning flights in the  Here we compare AOD and column-average aerosol opti-
2005-2007 time period than the 2000-2005 period. Thiscal properties&yp, ,, g) derived from the 2005-2007 air-
may have resulted in a slight sampling bias as the daily cycleplane profiles with the same aerosol optical properties deter-
of backscatter fraction at the surface shows tha lower mined from AERONET climatologies over the period 1994—
in the morning and increases in the afternoon (Delene an®011. We limit ourselves to the later period of airplane
Ogren, 2002). The asymmetry parameter varies inverselyneasurements, because these data include super-micrometer
with b so this would be consistent with the shiftgrobserved  particles, have a greater vertical extent, and the absorption
in Fig. 2gh. Angstrbm exponent can be used to adjust absorption to dif-
Figure 2h and i show ambient temperature and relativeferent wavelengths. We utilize the entire available time
humidity from a sensor mounted under the wing (2000—period of AERONET data in order to improve statistics —
2005) or on the airplane fuselage (2005-2007). As would beparticularly for the single scattering albedo comparison. In
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this set of comparisons the AERONET data remain as refor the airplane that flew over a similar rural site in Illinois,
ported — the in situ data are adjusted both to ambient condiincluding issues with the hygroscopic growth adjustment,
tions (ambientT’, P and RH) and to match the AERONET missed aerosol layers and inlet size cut for the in situ mea-
wavelengths. surements. Their work suggests that the primary difference
Adjustment of the in situ data to ambient RH is performed between AERONET and the in situ measurements is due to
using seasonal median fit parameters derived from hygroassumptions involved with the hygroscopic growth measure-
scopic growth measurements at the SGP surface site. Thment, although missing large particles may also play a role.
general set up of the tandem nephelometer humidograph sy$ower et al. (2006) make note of a sampling bias that could
tem is described in Sheridan et al. (2001), however the huaffect the comparison here. They compare the frequency of
midity scan timing, location of'/RH sensors and fitting con-  days of given weather type with the frequency of AERONET
straints have evolved over the last decade. Here we use thabservations for each weather type at one of the sites in their
most recent version of the humidograph data which differsstudy. Not surprisingly given the nature of sun photometer
from previously reported values (e.g., Andrews et al., 2004)measurements, they found that clearer, dryer weather types
— the new hygroscopic growth fits tend to result in slightly were over-represented in the AOD data while cloudy humid
higher growth than was previously reported. The relatively conditions were underrepresented. In the context of the mea-
low ambient median RH values (Fig. 2h) mean that in gen-surements here, the pilot was not authorized to fly in clouds
eral the hygroscopic growth adjustment is quite small, e.g., atlue to visual flight rules, however he could fly over and under
60 % RH the annual median growth factor (i.e., scattering in-them. Thus, the in situ data statistics include measurements
crease) is only about 1.3. Increasing the median ambient Rkbbtained under conditions where AERONET measurements
value by 20 % to 72 % RH (based on the findings by Ferrarewould be unavailable due to the presence of cloud. The pos-
et al. (2006) would result in a growth factor of about 1.6. sibility of a sample bias influencing the results presented here
The observed seasonal variations in AOD derived fromcannot be eliminated, but given the discrepancies observed in
the in situ measurements (adjusted to ambient conditions angdimultaneous in situ and AERONET comparisons (e.g., An-
500 nm) are consistent with seasonality of AERONET AOD drews et al., 2004; Esteve et al., 2011) such a sample bias is
at 500 nm (Fig. 3a) with a peak in summer and minimum likely a second order effect.
in winter. This is the same behavior described by Michal- Fig. 3b shows the seasonality of single scattering albedo
sky et al. (2011) for the SGP site utilizing 16 yr of radiome- for the AERONET and in situ data. Unfortunately thg
ter data. The median AOD derived from in situ measure-retrievals from AERONET are severely limited by the con-
ments tends to be lower than the AERONET AOD for all straint that aerosol optical depth must be greater than 0.4
seasons except spring where the median values are quite sirat 440 nm, such that out of a possible 3818 valid level 2.0
ilar. Other direct comparisons of AOD calculated from in AERONET almucantar inversions between 1994 and 2011,
situ measurements with remotely sensed AOD (e.g., Schmiadnly 128 cases had AOD values above 0.4 for whigh
et al., 2009 and references within) have also observed thatalues could be retrieved and, of those, only three were for
the in situ measurements tend to be lower than the valuethe winter season. The median single scattering albedo val-
obtained from remote sensing instruments. The compariues are in the range 0.91-0.97 with the exception of winter
son between AERONET AOD and AOD derived from in situ AERONET data. Median values af, for spring and sum-
measurements is worst in fall and winter (there is approxi-mer are quite similar for AERONET and the in situ data, but
mately a factor of two difference between AERONET and the in situ values of, in the fall are quite a bit lower than
the in situ measurements). The ambient RH values are quitéhose reported for AERONET. Sheridan et al. (2001) also re-
similar and also quite low for spring and winter, suggest- port the in situw, measured at the surface is lowest in the fall
ing that the hygroscopic growth adjustment to ambient RHwhich they attributed to agricultural field burning near the
should also be similar and small for both seasons. The impli-site. Another thing to note on this plot is that the AERONET
cation is that the hygroscopic growth correction alone is notw, values tend to be higher than those determined from the in
responsible for the difference observed between AERONETSsitu profiles. One explanation is that the AERONET sun pho-
and the in situ measurements. Some other possibilities intometer is sampling more scattering aerosol than the airplane
clude: (a) the in situ measurements miss aerosol either above either because large particles that are missed by the in situ
or below the highest flight level; (b) the in situ measure- inlet or because the hygroscopic growth adjustment to the in
ments miss large particles due to the inlet and sample linesitu data is not large enough. A second possibility relates to
constraints; (c) the surface hygroscopic growth adjustment ishe systematic variability observed between aerosol loading
not representative of the hygroscopic growth aloft (i.e., it's and single scattering albedo. Single scattering albedo has
too low for most seasons); and/or (d) AERONET sampledbeen shown to be lowest (aerosol is most absorbing) when
statistically different aerosol over the 17 yr period of mea- aerosol loading is lowest (e.g., Andrews et al., 2011; Delene
surement compared to the 2005—-2007 in situ measurementand Ogren, 2002). The AERONET retrievalsaf only oc-
Esteve et al. (2011) explored several potential reasons for diszur at very high AOD £0.4), thus they may be biased toward
crepancies between AERONET and in situ aerosol profilesslightly higherw, values.
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Fig. 3. Comparison of in situ aerosol optical properties adjusted to ambiert, RH AERONET valueqa) aerosol optical depth (at

500 nm),(b) single scattering albedo (at 673 nr(Y) AngstidXm exponent (441/673 nm paild) asymmetry parameter (at 673 nm). The line

in the middle of the box is the median, while the boxes represent the upper and lower quartile and the “whiskers” represent the 5th and
95th percentile.

The comparison of AERONET and in situ values for the in situ measurements described here. Inlet design and
Angstrbm exponent (Fig. 3c) and asymmetry parameterunderstanding sampling efficiencies as a function of size is
(Fig. 3d) show a consistent pattern of smaller particles in thecritical when comparing different measurements. The inlet
summer and fall and larger particles in the spring and win-change in 2005 made an obvious improvement in our abil-
ter. As mentioned previously, this is similar to results pub- ity to understand the seasonality of thagstiom exponent.
lished by Michalsky et al. (2010) for thengstiom exponent  Additionally, the Angstdm exponent values were used for
measured primarily with multi-filter rotating shadowband ra- the adjustment of measured parameters to different wave-
diometers (MFRSR) at the SGP site. The seasonal cycle ifengths so havings, represent the wider size distribution
more obvious in the 673 nm asymmetry parameter statisticgnot just sub-micron aerosol) was helpful. Further increases
(Fig. 3d). For both quantities the AERONET values tend toin the upper size range of particles sampled could facilitate
suggest larger particles than the column averaged in situ valbetter comparisons. Another factor that could be improved
ues (i.e., AERONETAngstrbm exponent is lower than the upon is the determination of the hygroscopic growth effect
in situ ,&ngstrbm exponent and AERONET asymmetry pa- as a function of altitude. A humidified nephelometer sys-
rameter is higher than the in situ asymmetry parameter). Théem was deployed on the airplane to provide scattering at a
Angstidm exponent comparison between AERONET and thesingle high humidity ¢85 %) starting in 2003 with the idea
in situ profiles is most similar in fall, while the asymmetry of constraining the hygroscopic growth. Unfortunately, due
parameter comparison is closest in spring and farthest apatb issues with the nephelometer reliability and design of the
in fall. humidification control those data are unreliable. Sheridan et

al. (2011) present results for a similar system on the airplane

These comparisons show that there are differences besperated in Illinois after some problems were resolved. An-
tween these two techniques for obtaining column averaggher limitation of aircraft measurements is that they cannot
aerosol optical properties. Every aerosol technique has ity ke measurements all the way down to ground level. Here
advantages and disadvantages. Some are inherent in the ifye profile flights were flown directly over the SGP surface
strument design or measurement type (e.9., sun photometetge \where there are continuous measurements with which
can not measure valid AOD during cloudy periods) and SOm&he |owest flight level can be compared. This provided a
may be improved upon (assuming the ready availability of check on the airplane inlet and instruments and was useful

funding, time and infrastructure; e.g., payload allowance).jy getermining whether there were any consistent differences
Here we present a short list of suggestions for improving
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Fig. 4. Plots of air mass back trajectory clusters (cluster medians) arriving at 500 m to the profile site (indicated by the square) calculated using
NOAA/HYSPLIT_41; (a) Spring(b) Summer(c) Fall (d) Winter. Numbers indicate how many trajectories are in each cfustemaximum

of 6 clusters was allowed. Trajectories were generated using HY SPI4Hownloaded fromwww.arl.noaa.gov/ready/hysplit4.html

2 Trajectories that look similar in the x-y plane (e.g., most of the 500 m winter trajectories) were clustered based on their vertical motion.

between the surface aerosol and the aerosol approximatehesulting trajectory clusters patterns were not significantly
150 m above the surface. Simultaneous flight and surfacelifferent when the number of allowed clusters was changed
measurements show excellent agreement between scatterifiggm 6 to 4, 5 or 9 clusters). Trajectories were grouped us-
(550 nm) measured on the lowest level leg (LL) and at theing k-means clustering and the median trajectories are shown
surface §) suggesting that the airplane and surface site werdor each cluster. This type of clustering minimizes variabil-
sampling the same air. For the 2005-2007 time period the reity within a cluster and maximizes the variability between
lationship wasrsp L =1.02x ogp s +3.73(R2=0.94). The clusters. There were significant differences in source regions
relationship for the 2000—-2005 scattering (sub1-micron) wador the different seasons and altitudes (Figs. 4 and 5) and
ospLL =1.04x O'sps+0.05(R2=0.94). these differences correspond with the seasonal differences

observed for aerosol optical properties.
The NOAA HYSPLIT model www.arl.noaa.gov/ready/

hysplit4.htm| Draxler and Hess, 1998, 1997) was run in  Figure 4 show seasonality of trajectory clusters arriving
batch mode using NCEP reanalysis data to generate two-dagt SGP at 500 m. Back trajectories arriving at 1500 m (not
back trajectories for every day of the year between 2000 andghown) were similar to those at 500 m. Approximately 90 %
2006 for air arriving over SGP at 500, 1500 and 3000 m a.s.l.of the 500 m summertime trajectories (Fig. 4b) arriving orig-
These calculated back trajectories were clustered on the basisated to the south, with the medians of several of the clusters
of latitude, longitude and altitude for each season. A max-passing near the Houston and the Dallas-Fort Worth conur-
imum of 6 clusters was allowed. Harris and Kahl (1990) bations prior to arriving at SGP. These summertime trajecto-
found 6 clusters to be appropriate when they were investities tend to be confined within the boundary layef 500 m)
gating mass transport climatologies. Here, we found that theand would presumably contain polluted air from the various
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Fig. 5. Plots of air mass back trajectory clusters (cluster medians) arriving at 3000 m to the profile site (indicated by the square) calculated
using NOAA/HYSPLIT4L; (a) Spring (b) Summer(c) Fall (d) Winter. Numbers indicate how many trajectories are in each cluster. A
maximum of 6 clusters was aIIoweéI.Trajectories were generated using HYSPI4Townloaded fromwww.arl.noaa.gov/ready/hysplit4.

html

sources over which they passed. As shown in Fig. 2, theof a mixture of dust/pollution. The low wintertime ambient
aerosol loading is highest in the summertime and the aerosdRH values are consistent with transport of high altitude arctic
is dominated by sub-micron aerosol (hi§ingstom expo- air.

nent), both of which would be consistent with the transport

?f _pollu':sd dalr. nwtﬁssr?s rfo tth(T S't?' bT hebe_\eros_oltﬁmgle SC%, each other and tended to be split between northwesterly
ering aibedo IS the hignes (eag absorbing) in esummerhigher altitude trajectories (i.e., winter-like) and southeast-
consistent with observations of increased sulfate load rela-

tive 1o el tal carbon in th Malm et al. 2004 erly low altitude trajectories (i.e., summer-like). The inter-
Ve o elementa’ carbon In the summer ( viaim €t al., )'mediate median spring and fall aerosol loading values (scat-
The higher ambient RH values observed in summer are als

istent with the t + of moist air f | ititud ?ering and absorption; Fig. 2) and ambient RH are consistent
consistent wi e transport of moist air from low altitudes |, i 1his mixed flow pattern.
in the Gulf of Mexico region.

Spring and fall trajectories (Fig. 4a and c) were similar

These results are consistent with other analyses of the rela-
In contrast, 70 % of the wintertime trajectories (Fig. 4d) ar- tionship between aerosol optical properties and atmospheric
riving at 500 ma.s.l. came from the northwest, passing overflow in North America (e.g., Power et al., 2006; Smirnov et
sparsely populated regions and descending from altitudeal., 1994; Halthore et al., 1992). Power et al. (2006) ana-
above the wintertime boundary layer on their way to the site.lyzed spatial and temporal variability of AOD and scattering
At 500 m, the major difference between the summer and win—,&ngstr'c')m exponent as a function of synoptic flow at 27 sites
ter aerosol is that the aerosol loading at is lowest in winter.in North America. They found that, in general, colder, drier
The values ofw, and &sp (Fig. 2) also suggest the winter- polar air masses were associated with lower atmospheric tur-
time aerosol is a slightly darker and larger than is observedidity and larger particles while warm, southerly flow co-
in summer. This would be most consistent with the transportincided with higher aerosol loading and smaller particles.
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They attributed the higher aerosol loading to a variety ofof scattering and absorption, perhaps due to aerosol pro-
factors including differences in sources, surface entrainmentessing during transport. The scatteriggstiom exponent
of aerosols due to increased convection and enhanced gas sniggests the largest particles are observed in the winter and
particle due to warmer temperatures. Similarly, Smirnov etspring above 1.5km, while summer and fall are dominated
al. (1994) and Halthore et al. (1992) found higher AOD val- by small aerosol and the vertical profile is relatively constant
ues with southerly flow and lower AOD with northerly flow with altitude. The seasonality of th&ngstrbm exponent
for the individual North American sites they studied. makes clear the importance of utilizing an inlet that passes
At 3000 m the back trajectories reflect the prevailing west-super-micron aerosol. The absorptiéngstiom exponent is
erly winds (Fig. 4). Clusters come from NW, W, and SW higher ¢~1.3) in the springtime consistent with transport of
for all four seasons. The clusters indicate (a) most of thedust and/or biomass burning aerosol. The rest of the year
air masses start at 2000m or above and (b) they tend t@ap is relatively constant at1.0+ 0.02, suggesting that the
travel over relatively unpolluted/unpopulated regions of theabsorption is dominated by elemental carbon.
western US. This is consistent with the low amounts of Comparisons of column-averaged in situ aerosol optical
aerosol (as indicated by low scattering coefficients) observegroperties with AERONET measurements reveal similar sea-
at the higher flight levels. Sources of aerosol arriving at thesonality for AOD,Angstr'Om exponent and asymmetry pa-
3000 m level in the in situ profiles are difficult to determine. rameter. The AOD determined from the in situ measurements
The back trajectory clusters suggest that many of these aiwas significantly lower (factor of two) than the AERONET
masses descend from high altitudes and may have been alofOD values for fall and winter, but much closer for spring
a long time. The long time aloft provides another explana-and summer measurements. The differences between in situ
tion for the low aerosol amounts observed at higher altitudes&ngstr'c')m exponent and asymmetry parameter with those de-
as various removal mechanisms will have opportunity to af-rived from AERONET measurements suggested that the in
fect the aerosol properties, i.e., wet scavenging in winter maysitu measurements were missing larger particles perhaps due
decrease single scattering albedo. The low Angstrom expoto the inlet cut size, the RH adjustment or perhaps aerosol
nents observed in spring and winter may be related to londgoetween the surface and the lowest level flight leg The sin-
range transport of Asian dust — VanCuren et al. (2002) findgle scattering albedo values for the two sets of measurements
indicators of Asian dust in high altitude sites in the Rocky were in the same range (0.91-0.97) but did not show the same
Mountain region just to the west of SGP. The spring andtemporal pattern, likely due to the constraints imposed by
winter trajectories suggest another source of coarse aerosolrequiring high AOD values (AOD(= 440) > 0.4) for valid
some of the southwesterly trajectories for these seasons oriRERONET w, retrievals. AERONET climatological values
inate at lower altitudes (between 1000—-1500 m) over the aridf w, tended to be higher than the in situ values. Possible ex-
desert regions of the US southwest and northern Mexico.  planations include bias in the AERONET measurements due
to the high AOD constraint and/or under-sampling or under-
adjustment of aerosol scattering due to hygroscopic growth.
Much of the seasonal variability observed in aerosol op-
4 Conclusions tical properties is likely due to differences in source regions
contributing to air masses arriving at the site. Summertime
A temporal analysis of 8 yr of flight data (597 profiles) over observations of high levels of aerosol scattering coincide

the DOE CART site in central Oklahoma was presented.W'th air being transported 'Wlthlln the boundary layer from

This unique, multi-year collection of aerosol vertical profiles POPUlous and polluted regions in Texas (Houston and Dal-

should be useful for validation of chemical transport mod- 25): While the cleaner conditions (lower scattering) observed

els. For example, Skeie et al. (2011) utilized this data set!” the wintertime correlate with northwesterly air mass back
) ’ . | . " trajectories originating at higher altitudes. These results are

along with other observations, to put in context the ability of j, keeping with investigations of changes in aerosol optical

their model to predict historical levels of black carbon in the prgperties with synoptic conditions (e.g., Power et al., 20086;

atmosphere and snow. Smirnov et al., 1994; Halthore et al., 1992.

The profiles of aerosol loading differ both in amount and,

to a lesser extent, shape as a function of season. Aerosol

loading at the site tends to be highest in summer and lowAcknowledgementsThis research was funded by DOE-ARM.

est in winter, as has been noted previously (e.g., Michalsky®reenwood Aviation in Ponca City operated the plane and the

et al., 2010; Power et al., 2006; Delene and Ogren, 2002)(_jate_1 set reported here vyould not have been possible without their

dedicated effort. The Cimel Sun-Photometer data were collected

Aerosol absorption decreases sharply from the surface to apD-y the U.S. Department of Energy as part of the Atmospheric

proximately 1.5km and then is approximately constant or de'Radiation Measurement Program Climate Research Facility
creases slightly above that. Aerosol scattering decreases Witt\crF) and processed by the National Aeronautics and Space
increasing altitude for all seasons but the decrease is sharpegtiministration's Aerosol Robotic Network (AERONET). We thank
below 1.5 km. In winter the single scattering albedo is lowestthe Brent Holben and Rick Wagener for their effort in establishing
above 1.0 km indicating a change in the relative proportionsand maintaining the SGP AERONET data discussed in this paper
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