Atmos. Chem. Phys., 14, 2138153 2014 Atmosphenc _g
www.atmos-chem-phys.net/14/2139/2014/ . g
d0i:10.5194/acp-14-2139-2014 Chemistry >
© Author(s) 2014. CC Attribution 3.0 License. and Physics @

Factors that influence surface PM 5 values inferred from satellite
observations: perspective gained for the US Baltimore—Washington
metropolitan area during DISCOVER-AQ

S. Crumeyrolle}?3 G. Cher?, L. Ziemba?, A. Beyersdorf, L. Thornhill 24, E. Winsteac®4, R. H. Moore®-2,
M. A. Shook?#, C. Hudgins?, and B. E. Andersor?

INASA Postdoctoral program, Oak Ridge Associated Universities, Oak Ridge, TN 37831, USA
2NASA Langley Research Center, Hampton, VA 23681, USA

3LOA, UMR8518, CNRS, Université Lille1, Villeneuve d’Ascq, France

4Science Systems and Applications (SSAI), Hampton, VA 23666, USA

Correspondence td3. Crumeyrolle (suzanne.crumeyrolle@gmail.com)

Received: 29 June 2013 — Published in Atmos. Chem. Phys. Discuss.: 6 September 2013
Revised: 8 January 2014 — Accepted: 24 January 2014 — Published: 26 February 2014

Abstract. During the NASA DISCOVER-AQ campaign impact of the aerosol hygroscopicity on the pPitetrievals.
over the US Baltimore, MD—Washington, D.C., metropoli- The results indicate that PM can be predicted within a fac-
tan area in July 2011, the NASA P-3B aircraft performed tor up to 2 even when the vertical variability of tH¢RH)amp
extensive profiling of aerosol optical, chemical, and micro-is assumed to be negligible. Moreovegi(RH =80%) and
physical properties. These in situ profiles were coincidentRH measurements performed at the ground may be used to
with ground-based remote sensing (AERONET) and in situestimate thef (RH)ampduring dry conditions (R <55 %).
(PM25) measurements. Here, we use this data set to study the
correlation between the PM observations at the surface and
the column integrated measurements. Aerosol optical depth
(AODss0 nm calculated with the extinction (550 nm) mea-
sured during the in situ profiles was found to be strongly cor-1  Introduction
related with the volume of aerosols present in the boundary
layer (BL). Despite the strong correlation, some variability Atmospheric aerosol particles have important influences on
remains, and we find that the presence of aerosol layers abowglobal climate and ecosystem processes, depending on their
the BL (in the buffer layer — BuL) introduces significant un- physical and chemical properties. Due to numerous studies
certainties in PMs estimates based on column-integrated highlighting negative health effects as a result of aerosol par-
measurements (overestimation of PiMby a factor of 5). ticle exposure, more efficient abatement measures have re-
This suggests that the use of active remote sensing tectseived serious consideration (Annesi-Maesano et al., 2007).
niques would dramatically improve air quality retrievals. In- Particulate matter (PM) is classified as a criteria pollutant
deed, the relationship between the A&Pnnand the PM5 and air quality standards have been established addressing
is strongly improved by accounting for the aerosol present inPMz 5, which represents the total mass concentration near
and above the BL (i.e., integrating the aerosol loading fromthe surface of particles with aerodynamic diameters less than
the surface to the top of the BuL). Since more than 15 % of2.5 pm. The current air quality monitoring network provides
the AOD values observed during DISCOVER-AQ are domi- relatively sparse geographic coverage (as an example, only
nated by aerosol water uptake, tiRH)amp (ratio of scatter- 6 stations are monitoring the air quality in the San Joaquin
ing coefficient at ambient relative humidity (RH) to scatter- Valley (CA); Sorek-Hamerv et al., 2013) and is mostly lim-
ing coefficient at low RH; see Sect. 3.2) is used to study theted to urban areas where BM concentrations are great-
est. Improving global air quality monitoring measurement
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resolution to capture small-scale variability is a necessaryover Hong Kong is due to aerosols within the BL. Still, while
priority of both the scientific and policy communities. lidar measurements have shown a promising path forward,
One important step toward this goal is the use of spacethe limited spatial and temporal coverage of current mea-
borne sensors that allow near-continuous aerosol monitorsurements make assumptions necessary to extrapolate ver-
ing throughout the world. Yet, the complexity and resolu- tical distributions over regional and global scales.
tion of aerosol satellite retrievals, as well as uncertainties A major advantage of remote sensing techniques is that
associated with cloud interference, challenge these effortsthey give information about particles as they occur in the
Several studies have explored the possibility of evaluatingatmosphere (i.e., at ambient relative humidity (RH)), while
air quality from space (Hoff and Christopher, 2009 and ref-in situ aerosol measurements, including PMare gener-
erences therein) and report comparisons between space aatly performed at drier conditions (often RH50 %, Col-
ground level measurements of aerosol concentrations for Edaud Coen et al., 2013). The amount of water absorbed by
rope (Chu etal., 2003; Vidot et al., 2007; Schaap et al., 2009)an aerosol is a function of its dry diameter and chemical
Canada (Van Donkelaar et al., 2006), the United Statecomposition. Water uptake changes the ambient aerosol mass
(Wang and Christopher, 2003; Engel Cox et al., 2004; Van(Pilinis and Seinfeld, 1989) and the aerosol optical proper-
Donkelaar et al., 2006; Gupta and Christopher, 2009a, b), antles (Schuster et al., 2009) and thus the AOD (Koelemeijer et
other locations around the globe (Gupta et al., 2007; Kumaial., 2006). Currently, aerosol liquid water content is not sys-
et al., 2007, 2008). Overall, these studies have attempted ttematically measured at the ground sites of the global atmo-
relate the spaceborne column measurements of aerosol opphere watch (GAW) network nor on a global scale, so many
tical attenuation to surface measurements of,BMespe-  studies either neglect the aerosol liquid water content when
cially in the summertime (Engel-Cox et al., 2006; Tian and parameterizing the relationship between AOD and;BM
Chen, 2010) and over urban areas (Liu et al., 2005; SchaafKaufman et al., 2002; Liu et al., 2005; Kumar et al., 2007,
et al., 2009). The eastern United States, in comparison to th&chaap et al., 2009) or use a measurements-derived depen-
western United States, has been shown to be a good localence of extinction coefficient on relative humiditg(RH))
tion for ascertaining PWs information from aerosol optical and the surface ambient RH to estimate the aerosol liquid
depth (AOD) due to (1) more uniform vertical distribution water content throughout the atmospheric column (e.g., Tsai
of aerosols, (2) chemical composition that is dominated byet al., 2011; Koelemeijer et al., 2006). Gupta and Christo-
sulfates and (3) widely distributed anthropogenic emissionpher (2009a) showed that the inclusion of meteorological pa-
sources (Engel-Cox et al., 2006). rameters (e.g., RH, temperature, wind speed and cloud frac-
However, the uncertainty in relating a column integratedtion) in addition to the BL height improve the estimation of
AOD to ground-level PMs is compounded by spatial scale ground level PM s from column-integrated measurement by
and timing mismatches between the measurements. Grounail %.
measurements necessitate averaging over timescales from Given the possible benefits and current challenges of uti-
hourly to daily, which improves the PM / AOD relationship  lizing satellite-based observations to predict ground-level
(Gupta et al., 2006) but sacrifices accuracy during strongparticulate air quality, the NASA DISCOVER-AQ (Deriv-
short-lived pollution events that may be critical for air quality ing Information on Surface Conditions from COlumn and
predictions and assessing air quality nonattainment. In adVERtically Resolved Observations Relevant to Air Qual-
dition, spaceborne AOD retrievals over bright surfaces canty) project was designed to deploy a coordinated and
lead to the overestimation of the AOD (Van Donkelaar et al.,complex suite of ground and airborne measurements. The
2006) and therefore an overestimate in/2M DISCOVER-AQ strategy is to make systematic, colocated
Recent field work over the United States (Al-Saadi et al.,observations of aerosol properties by in situ and remote-
2008) and a three-year analysis in Taiwan (Tsai et al., 2011yensing techniques over a large diversity of source re-
using airborne (high-spectral resolution lidar, HSRL) and gions in the US (Baltimore—Washington, D.C., area, in
ground-based lidar measurements (Micro-Pulse Lidar Netsummer 2011; San Joaquin Valley, CA, in winter 2013,
work (MPLNET) or aerosol robotic network (AERONET)) and Houston, TX, in summer 2013) and over surface-
suggest vertical distributions are helpful to normalize satel-based monitoring stations to provide continuous measure-
lite observations of column AOD and result in dramatically ments of criteria pollutants. Here we focus on the Balti-
improved correlation with surface P) observations. Al-  more, MD-Washington, D.C., metropolitan area campaign
though incorporating the boundary layer (BL) depth im- and use this data set to evaluate our ability to diagnose
proves the AOD-PMIs relationship, elevated layers can still surface PM s conditions from simulated satellite observa-
confound results. Several studies reported the importance dfons with the unique benefit of a highly systematic char-
an aerosol layer above the BL since elevated aerosol layeracterization of the vertical extent of aerosols along with
increase the AOD but are decoupled from the surface-based dense coverage of ground measurements. The sampling
aerosol measurements (Engel-Cox et al., 2006; Schafer et algcation and the platforms used are described in Sect. 2,
2008; He et al., 2008). For example, He et al. (2008) foundthe P-3B instrumentation and the ground-based observations
that only 64 % of the monthly mean aerosol optical depthare described in Sect. 3, and the methodology in Sect. 4.
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In Sect. 5, the AOD-PWl5 relationship is quantitatively as- 40 , — -
sessed by systematically showing that (i) low-altitude air- 50 km - V;: g ]
borne and ground-level aerosols and trace gases measur¢ /’3 3@5 gjf 3. Fairhil ﬁ?
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vertically resolved distributions of aerosols and trace gases Longitude

relevant to air quality as they evolve throughout the day. This
has been accomplished with a combination of two NASA air- " _ . )
Baltimore—Washington metropolitan area. The flight path followed

craft, a P-3B and UC-12, sampling in coordination with sur- by the P-3B is represented by the red line and the numbers corre-

_face networl_<s du”r_]g field campaigns over regl_ons Char'_aCterépond to the ground sites. Flight paths did not vary greatly between
ized by a wide variety of aerosol sources. This analysis fo'ﬂights.
cuses on measurements from the P-3B, which was equipped

with in situ aerosol instruments to measure microphysical,

optlcgl, a;\d chfemlcac; pro?lfarrt:es ?cf aerqsolls. ; Ze NA.SA. P'concentrations were measured with Met One 1020 beta atten-
{he Ballimore_Washington metropolian areain Jiy 2011 U2Uo% MONorS (BAM, Macias and Husar, 1976). Thes

: . . . " data are reported as hourly averages. The detection limit for

Flight paths for the P-3B varied minimally from flight to the hourly averaged measurements is reported by the manu-

flight, with each flight normally involving 2 to 4 vertical pro- facturer at 4.0 ug m?, and the relative uncertainty is about
files (spirals) over each ground site (Fig. 1). The large statis- '

. > . . 4+ 0.1 pgnT3. Ozone mixing ratios were measured at each
tical data set allows unbiased analysis of day-to-day, diurnal : :

spatial, and vertical variability in this region. The P-3B per- ground site by UV absorption (Gao, 2012).
formed a total of 247 profiles over the area’s six ground site :

(43 over Beltsville, 39 over Padonia, 43 over Aldino, 38 overs3'2 Airborne (P-38)
Fairhill, 45 over Edgewood, and 39 over Essex; see Fig. 1 forA
locations). The range of vertical profile sampling was mostlyi
limited by the air traffic control restrictions. As a result, the
vertical profiles are typically from 0.3 to 3.2 km (pressure al-
titude), except Beltsville, where the top of the profile is about
1.50 km due to the presence of a flight path frequently used

Fig. 1. Location of the DISCOVER-AQ field campaign no. 1 over

erosols were sampled through an isokinetically controlled
nlet and delivered to a comprehensive suite of aerosol instru-
ments on board the NASA P-3B aircraft. The inlet has been
previously evaluated and shown to efficiently transmit parti-
cles smaller than 4 um diameter (McNaughton et al., 2007).
‘Simultaneous measurements of scatteringsf) and absorp-
tion coefficients ¢apg, aerosol size distribution, and aerosol
chemical composition were made during DISCOVER-AQ.
Dry scattering coefficientigca) measurements were made at
3.1 Ground sites 1 Hz using a three-wavelength nephelometer (TSI 3563) op-
erating at 450, 550, and 700 nm at RH less than 40%. The
The ground sites were equipped with Sun photometers withimephelometer was calibrated using filtered air and ¢&h-
the Aerosol Robotic Network (AERONET, Holben et al., derson and Ogren, 1998) prior to, during, and after the mis-
1998), providing a direct measure of AOD at seven wave-sion. The scattering coefficient has been corrected from an-
lengths (approximately 0.340, 0.380, 0.440, 0.500, 0.675gular truncation errors and illumination intensity nonideal-
0.870, and 1.02um) with an estimated uncertainty of 1l-ities based on Anderson and Ogren (1998). Measurements
2% (Holben et al., 2001). Beltsville, Fairhill and Edgewood oaps Were also at 1Hz by a particle soot absorption pho-
were also equipped with in situ aerosol and trace gas montometer (PSAP, Radiance Research, Inc.) at 470, 532, and
itors that were operated within EPA's (Environmental Pro- 660 nm wavelengths and interpolated to 550 nm using the ob-
tection Agency) AQS (Air Quality System) networkttp: served Angstrém exponent of absorption between 470 and
Ilwww.epa.gov/ttn/airs/airsags/Relevant to this study are 660nm. The RH in the PSAP was not actively controlled,
the EPAs PM s and ozone measurements. The RMnass  but filters were heated to 4C to reduce variability of the

3 Instrumentation and observations
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measurements. PSAP data have a known scattering interfein this region are smaller than the inlet cutoff diameter of
ence from particles deposited on the collection filter, and4 um) and (2) the parameterization (Eq. (1); Hanel (1976);
the measurements were post-corrected following Virkkula etHénel (1984); Hegg et al. (1993); Tang (1996); Anderson
al. (2010). Basic principles of filter-based measurements, likeand Ogren (1998); Carrico et al. (1998); Carrico et al. (2000);
the PSAP, limit the accuracy of the observed absorption co-Gasso et al. (2000); Day et al. (2001)) is valid to correct ob-
efficient to 20 to 30 % (Ryder et al., 2013). Extinction coeffi- servations performed at dry RH to ambient conditions.
cients were then calculated at dry RH (<40 %) by summing Along with the optical measurements, dry aerosol size dis-
the ogcatandogps tributions were determined for 0.06—1.0 um diameter par-

Observations of particle hygroscopicity (RH = 80 %), ticles using an ultra-high sensitivity aerosol spectrometer
defined as the ratio of humidified to dry scattering coefficient,(UHSAS, Droplet Measurement Technologies) with a 1 Hz
were obtained using an additional, parallel three-wavelengtHrequency. The UHSAS was calibrated with polystyrene la-
integrating nephelometer operating at a RH controlled at 8Qex spheres (PSL) and post-corrected with ammonium sul-
+ 4 %. This technique is described in more detail by Ziembafate in order to provide optical particle sizing most represen-
et al. (2013). The sample flow routed to both nephelome-tative of ambient aerosol. Thescat,ary measurements were
ters was actively dried using a nafion dryer (Perma-Pure FCeompared to modeledscat,dry Calculated using Mie theory,
125-240-10PP), which efficiently passed accumulation modehe UHSAS size distribution measurements, and assuming a
aerosol (>90% transmission). Data contaminated by cloudparticle refractive index of 1.53—0.00i for ammonium sul-
penetrations (droplet shattering on the inlet tip) were identi-fate (Ziemba et al., 2013). This closure exercise (slope of
fied visually via high particle number concentration and re-0.991+ 0.004 and-2 of 0.98) gives confidence in both the
moved. Thef (RH)amp Used to convert the measured extinc- oscat,aryand dry size distribution measurements.

tion coefficient from dry §ext,dry) to the ambient humidity Chemical composition measurements were made with a
conditions Gext amp is defined as pair of particle-into-liquid samplers (PILS). The PILS cap-
tures soluble aerosol constituents in the sampled air flow into
Oextamp | 1— R[‘ggb =7 a liquid flow of deionized water. The first PILS was cou-
JRHamp= Coxtd = RHary 1) pled to a total organic carbon (TOC) analyzer (Sievers Model
extdry 1="100 800) to give the mass of the water-soluble organic carbon at a
with 10 s time resolution. The effluent from the second PILS was
collected in 0.8 mL vials for later ion chromatographic mea-
In [M] surement of sodium, ammonium, potassium, calcium, mag-
y = %, (2)  nesium, chloride, nitrite, nitrate and sulfate. Sampling inter-
I [ngry] vals for the inorganic analysis varied between three and five

minutes.
where y is an experimentally determined variable depen-
dent on the dry and wet scattering coefficietdch, qry and
oscawet Fespectively). The ambient RH measurements were® Methodology
performed by a hygrometer located outside the aircraft. Dur- . . i
ing DISCOVER-AQ, y varied between 0.2 and 0.7, and The AOD represents the integral of the ambient aerosol ex

was inversely correlated with the organic mass fraction ofg?;t]'ggfnisg'cﬁi?;f’fexté)‘fnbfrom the surfacezsyr) to the top
the aerosol (Beyersdorf et al., 2014), consistent with the re- P OAJ-

sults from Quinn et al. (2005). According to the Eq. (1), the ZTOA
particle extinction efficiency is monotonically modified as AQD = / Gextami2)dz. (3)
RH increase or decrease and thus does not account for the '

Zsurf

hysteresis behavior of deliquescent aerosol particles (Fierz-
Schmidhauser et al., 2010). Since the P-3B profile typically begins-aB00 m altitude, it
Recently, Ziemba et al. (2013) presented a statistical comis necessary to add the aerosol extinction between 0-300 min
parison of in situ extinction coefficient measurements (ad-order to calculate an AOD from the observeg: amn(EQ. 2)
justed to 532 nm) coincident with remote-sensing observafor comparison with surface-base measurements. In the ab-
tions performed by the HSRL (measured at 532 nm). It re-sence of additional aerosol sources and assuming the bound-
vealed good agreement (slope 1.11 afd= 0.88) consis-  ary layer is well mixed, the measurements between the air-
tently over the entire ambient RH range within instrumental craft and the surface should be coupled and consistent. As
uncertainty. Part of this systematic difference may be due tadhe P-3B measurements were performed during the summer,
particle losses through the inlet and the dryer (10 % losseshe BL is expected to be well mixed throughout the daytime
through the dryer). This result demonstrated that (1) all theexcept in the early morning before surface heating becomes
particles observed by the HSRL are within the sampling sizea driving factor. The ozone mixing ratio is the only quasi-
range of the in situ measurements (i.e., particles observedonserved parameter between the P-3B that is also measured
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Fig. 2. Ozone measured from the EPA ground sites (at Beltsville,Fig 3. AOD measured by AERONET as a function of AOD re-
Padonia, Fairhill, Aldino, Edgewood and Essex) as a function of e eq from the P-3B extinction measurements for three wave-

the ozone measured on-board the P-3B at the lowest level of eacféngths (440, 500 and 675nm, respectively blue, green and red). The
profile. error bar depicts the instrumental variability for the AOD calculated
from the P-3B measurements a#id.02 for the AOD measured by
AERONET (Holben et al., 1998).
at each of the ground sites and is a good tracer, as it will
be fairly uniform in a well-mixed boundary layer. Figure 2 .
shows the ozone measured at the lowest level of the P-38000; Sheridan et al.,, 2002; Andrews et al., 2004). Esteve et
profile as a function of ozone at the surface (MDE groundal- (2012) listed the different hypotheses to explain the dis-
sites). The high correlation coefficient (0.98) and linear re-C¢repancy between the AOD measured by AERONET and the
gression slope of 1.01 illustrate that mixing in the BL is suf- ©n€ calculated from in situ measurements. The good agree-
ficient to assume aerosol loading and properties are homoMent (discrepancy of 11 %) between the in situ and HSRL
geneous from the lowest aircraft altitude to surface. Simi-Mmeasurements allow us to estimate at 11 % the errors due to
lar results were obtained for analysis of each site indepenMeasurement adjustments (angular truncations, wavelength
dently. Thus, the AOP.g is calculated by assuming a con- changes, hygroscopic growth), particle losses and underes-
Stantoex ampvalue between the lowest aircraft altitude to sur- timation of the contribution below the P-3B profile height.
face. The estimated portion is typically less than 16 % of theThus, the larger offset (23%) observed between the AOD

AODp.35 and any variability resulting from the assumption from AERONET and from in situ measurements may be
of constant aerosol extinction in the surface layer is likely dué to underestimation of the contribution below the P-3B

minor. profile height, the presence of an aerosol layer above the

To evaluate whether the measured AR are represen- HSRL flight Ie_vel (above 8.5km), ir?co_rrectAERONET AOD
tative of the entire atmospheric column, values were directlycloud screening, the temporal variability of the aerosol opti-
compared to the AOD measured by the AERONET Sun pho-& properties, and a bias in _the AERONET measurements.
tometers (AOBoa, see Fig. 3), which is considered as aref-  1he impact of a_tmosphenc structure on .measur(.ed. AODs
erence for AOD measurements (Holben et al., 1998). OnlyVas examined using the temperature, relative humidity, and
profiles performed within a 1 h window of the AERONET wind data recorded during the P-3B profiles. At least three
retrievals were used in this comparison. A total of 114 pro-dynamical layers are evident: the boundary layer (BL), the
files met these criteria. The AQDyg was calculated using Puffer layer (BulL) and the Free Troposphere (FT). The
the measured scattering coefficient adjusted to 440, 500 anyell-mixed, boundary layer is determined as Lenschow et
675 nm using the scattering Angstrém exponent and the meal- (1999), while t_he BuL is the tranS|tlon layer between the
sured absorption coefficient adjusted to the same wavelengtRL and the FT with a pronounced gradient of aerosol con-
using the absorption Angstrém exponent. The comparisor?entrat'ons from the typically higher concentration observed
shows good correlationR? = 0.96 for each wavelength), in the BL and typically cleaner conditions observed in the
although AODGroa values are higher than the AGRg by FT. The use of the BuL here emphasizes its differences from
nearly a factor of 1.23, based on the slope of the linear reprevious concepts of a residual or intermediate layer. Since
gression. Other studies have also noted that AODs calcuthe BuL is intermittently turbulent, it can entrain fluid from
lated from in situ instrumentation and retrieved by remoteP0th the underlying BL and the overlying FT (Russell et al.,
sensing are well correlated, with the latter typically greater1998). Therefore, Eq. (2) can be rewritten to assess the ob-
than the former (Schmid et al., 2000, 2009; Hartley et al.,S€rved AOD:

www.atmos-chem-phys.net/14/2139/2014/ Atmos. Chem. Phys., 14, 213%3 2014
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Fig. 4. Profiles &, b, ¢) of the ambient extinction coefficient (550 nm) observed aboard the P-3B over Edgewood on 20, 21 and 28 July 2011,
respectively. Time serig@l) of the aerosol optical depth (AOD at 550 nm, black dots) calculated from the integration over the column of

the extinction coefficients measured aboard the P-3B, the Pieasured from the Edgewood ground site (grey line), the mass extinction
efficiency (MEE, red dots) and the ratio of the sulphate mass concentration over the water soluble organic mass concentration (blue dots)
measured at the lowest level of the P-3B profiles.

Table 1. Aerosol optical depth (550 nm) calculated for the cases study shown in Fig. 4a, b, c for the boundary layer (BL), the buffer layer
(BuL) and the free troposphere above the BuL (FT). The AOD contributions are indicated in the parentheses.

Case 1 (Fig.4a) Case 2 (Fig.4b) Case 3 (Fig. 4c)

Occurrence percentage 60 23 17

AOD g| 0.23 (62 %) 0.17 (46 %) 0.05 (16 %)
AODgyL 0.14 (38%) 0.18 (48 %) 0.14 (47 %)
AODEgT 0.00 (0 %) 0.02 (5%) 0.11 (37 %)

. 21 July 2011 (Fig. 4b) represents 17 % of the observed pro-
i o e files and shows the presence of the aerosol capped by the top
AOD = / Oextamb(2)dz + / Oextmb(2)dz+ / extamp(2)dz. (4) of the BuL. Finally, an aerosol layer with significasxt amb
“ourt ot Bt values (550 nm) can be detected above the buffer layer (case
wherezgy, zeuL, andzp_3g denote the atmospheric bound- on 28 July 2011, Fig. 4c). Table 1 describes the averaged
ary layer (BL) height, buffer layer (BuL) top, and the top contribution of the aerosols present within each layer to the
of the P-3B sampling height, respectively. Each integral intotal AODssonm for the three different vertical aerosol dis-
Eq (3) reflects the variation of the Obserm’amb(SSO nm) tributions observed durlng DlSCOVER'AQ The presence of
as a function of the altitude, which is shown in Fig. 4a, b, an aerosol layer aloft the BL, accounting for a large part of
c. These case studies, performed on 20 July 2011 (a), 2ihe AODssonm has been observed in 40 % of the profiles.
July 2011 (b) and on 28 July 2011 (c), represent the thre€dne can see that the BuL contribution to the total AOD is on
vertical aerosol distributions commonly observed during the@verage larger than 38 % and is thus nonnegligible. More-
campaign. The first case study on 20 July 2011 (Fig. 4a) repover, when an aerosol layer is present aloft the BuL, the
resents more than 60 % of observations and highlights higtaveraged contribution of the aerosol within the BL to the total
values ofoext ambWithin the BL. The second study case on AODssonmdecreases to 16 %.
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oextdry (z) can be expressed as the product of the mass
extinction efficiency (MEGy) and aerosol mass loading

(Mdry):
(5)

Furthermore, the value afexdry has a variability of 9%
within the BL based on BL averages for all profiles. Thus,
itis reasonable to believe that the BL is vertically well mixed
and, assuming that aerosol loading above the BL is negligi-
ble, Eq. (3) can be further reduced to Eq. (6), which is com-
monly cited in the literature (e.g., Koelemeijer et al., 2006):

Oext,dry = M EEdry : Mdry~

PM2.5 (EPA, pg m™3)

a) Beltsville
50

2145
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w
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fRH bMEEd, KBL ‘ ‘ ‘ y‘=176.§x+1.%;R =‘0.76
PM2.5: all AOD i (6) o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
AODP?R
The large number of profiles acquired during the 5 Fetil Eff. Radius (mm)
DISCOVER-AQ campaign offers a unique opportunity y —48.5x +4.7
to study the validity and the impact of the assumptions made ®I R?2=079

in Eq. (6).

5 Results

During the campaign, the PM observations performed at
each of the three relevant ground sites show similar tempo-
ral tendencies. A time series for BN at the Edgewood site

is shown in Fig. 4d along with the AQ4gp nm, the derived
mass extinction efficiency (MEE, 550 nm), and the sulfate-
to-WSOC (water soluble organic carbon) as a function of
the Julian day. This time series highlights the large range of
the hourly averaged Ppg values within a highly polluted

PM2.5 (EPA, pg m™3)
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w
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y =154.2x -2.7 ; R
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period (Julian day 201-205, P greater than 30 ug ) 50 : ; , 180
and a clean period (Julian day 195-199, ”Mess than wl V2=38-7X +6L7

R =0.82

10 ugnT3). Note the largest Pk values are associated
with the highest sulfate / WSOC ratio and the largest effec-
tive radius (calculated as the ratio of 3rd and 2nd moments
of the UHSAS aerosol size distribution, Fig. 5). In order to
determine the geographical origins and the history of these
air masses, back trajectory calculations are performed using
the HYSPLIT (Hybrid Single Particle Lagrangian Integrated
Trajectory) model (Draxler and Rolph, 2010). HYSPLIT was
initialized for each ground site for every P-3B profile four
days backward in time. During clean periods, the back tra-
jectories did not show any systematic pattern for the air mass
origins, while highly polluted periods were associated with
air masses coming from the Ohio River valley, a region typ-

PM2.5 (EPA, pg m™3)
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w
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y =108.2x +2.2 ; R =0.67

L
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0.4 D 0.8
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ically associated with power plant emissions. Indeed, Peltler,:ig_ 5. PM, 5 measured from the EPA ground sites (at Beltsville
et al. (2007) reported sulfate concentration up to 30 pg m (a), Fairhill (b), and Edgewoodc)) as a function of the AOD
over this region during the New England Air Quality Study (550 nm) calculated using extinction profiles performed by the P-
(NEAQS) airborne field campaign in 2002, and Ziemba et3B. The color code represents the effective radius (nm). The hori-
al. (2007) found enhanced ammonium sulfate concentrationgontal dashed line corresponds to the detection limit of the BAM
associated with long-range transport events from this regior{4 g n3). The error bars correspond to the measurement vari-
to the northeast United States during ICARTT in 2004. Theability (& 10). The grey fit (equation in black) is for all retrieved
differences in the aerosol sources may also explain the efAOD values, while the blue fit is for cases with prevalent fine-mode
fective radius differences, as emissions of primary organic2erosoIs Reff <100 nm).
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aerosol are typically of smaller diameter (Zhang et al., 2005;Table 2. The lower 10th, median and 90th percentile of the bound-
Volkamer et al., 2006). ary layer and the buffer layer (when it exists) contributions to the
The aerosol chemical composition is strongly linked with total AOD (%). The sample number is given undar™
the aerosol size distribution, with larger particles being en-
riched with sulfate. The aerosol ME&nm Sensitive to ~ Boundary Layer (BL) Buffer Layer (BuL)
both aerosol physical and chemical properties, was cal- Groundsite N 10th Med 90th N 10th Med 90th
culated using the Pbk and the average dry aerosol ex-  Beltsvile* - - - -
tinction (550 nm) measured at the lowest P-3B flight alti- Ezg';'\:\'loo J 23?2 456 6517 838 259 1112 2;2 451
tude. The MEE"BO nm varied between 2.6 and 9'?@_1 * The profiles performed over Beltsville were limited by the air traffic controllers to a
during the entire Campaign with a median of 50?49‘n1 maxim%m aItitEde of 1.5 km, which may have caused g\,n underestimation of theAQR
The highest MEBso nm values correspond to PM values ~ 2!mied e exploratonofthe But.
close to the detection limit (<4 pgmi). By filtering the
MEEss0 nmas a function of the sulfate concentration, two dis-
tinct aerosol MEEs were observed during the DISCOVER-
AQ campaign: aerosols enriched in sulfate related to powe
plant emissions (ME&go nm~5.3+ 0.4 n? g~1) and aerosols

nonlinearity would be due to a sparse distribution of the AOD
values during clean periods (especially for AOD<0.1). As
more than 40% of the P-3B profiles were performed dur-
) > ) e ing clean periods, DISCOVER-AQ offers a great opportunity
enriched in grganics related to urban emission (Mom o spydy this nonlinearity. According to Fig. 5, these clean
~3.8+ 0',9 n? g~1). These values are consistent with previ- periods are related to the presence of small particles (75 <
ous studies. Husar et al. (2000) reported MEE values meay, « <100 nm) enriched in organics (ME& nm~4 m2g~1)
sured on the east coast of the United States, on average aqu contrast to polluted periods dominated by larg&e(
4.9nfg~*. Moreover, Pereira et al. (2008) measured the g eater than 100 nm) sulfate particles. According to Mie the-
MEE values of anthropogenic poIIut|0n2present over Portu—ow’ small particles Ref less than 100 nm) are significantly
gal in 2006 and observed values aroundy, Wh!Ie Hor- less optically active than larger paricles, but still impact the
vath et al. (1992) meas_ulred the MEE of ammonium sulfate 5| aerosol mass. Therefore, the presence of small particles
(NH4)2S0y, to be 6 gt , induces nonlinearity between the A@f3 nmand the PMs,
Figure 5 shows the correlation between fVmeasured \nich s clearly depicted by the linear fits (blue lines) us-
from the EPA ground sites at (a) Beltsville, (b) Fairhill, and ing exclusively the clean periods shown in Fig. 5 for each
(c) Edgewood and the AQdgo nm calculated for each pro- - gjie The siopes differ by a factor between 2.5 and 3 and
file performed bY the P-3B. The color code corresponds tohighlight the low extinction efficiency of the small parti-
the effective radius. As previously stated, the profiles Per-qjas (75 <Reft < 100 nm); values of 177, 154, 108 4 mer
formed over Beltsville were confined to altitudes lower than unit of AODssg ymwere derived for Beltsville, Fairhill, and

1.5fkm (d:;e to air _trrz]i_wc c(;)nt(;oller rejtrlctlohnsg WI?'le thhos_e Edgewood, respectively. Therefore, these results show the
performe 0\;]er Fa!r han E gewoo reacdg 3 m.;l’l ed'n'necessity of measurements at multiple wavelengths, i.e., de-
tegration of the extinction coefficient over a different altitude termination of the Angstrém Exponent, to account for the

range may have caused an underestimation of thesdl%h  \gpjinearities in the PMs-AODsso nm relationship due to

over Beltsville. An orthogonal distance regression has beeny,q hresence of small particles. The effective radius and the
applied for each site for all data (regardless of particle ef'Angstrt')m exponent measured aboard the P-3B are found to
fective radius) and is displayed in the top left corner of eachbe directly related (see the Supplement). The lower values
figure. Correlations between integrated column and surfac%f the Angstrom Exponent are associated to the larger parti-
measurements are very strong (cor.rel_ation coefficients Iargeaes while the larger values (> 2.3) are related to the presence
than 0.84 at Beltsville, 0.79 at Fairhill and 0.82 at Edge- ¢ sma)l particles (< 100 nm). Thus, the nonlinearities, dur-

wood). The slopes are similar for each site, 66.1 (LE@er ing this campaign, can be avoided using a threshold value for

unit of AODssonm) at Beltsville, 48.5 at Fairhill, and 38.7 o Angstrém exponent (around 2.3, see Fig. 1 in the Supple-
at Edgewood. Hoff and Christopher (2009) summarized thement).

linear regressions between the A@Pnmand the PM 5 ob-

tained over the United States, Europe and China from 15in5 1 Factors affecting the relationship between AOD and

dependent studies. They found the average slope, calculated PMy.s

using only the studies over the United States, was approxi-

mately 63+ 51. Moreover, Engel-Cox et al. (2006) retrieved 5.1.1 Aerosol vertical distribution

a slope between 31 and 49 over Baltimore during the summer

2004, which is in good agreement with the values obtainedJsing the meteorological parameters measured during the P-

in this study. 3B profiles, the top of the BL ranged from 500 to 2200 m,
Hoff and Christopher (2009) discussed a hypothetical nonwith the minimum height generally observed during the

linearity between AOD and P4 based on simulation re- morning and gradually increasing during the day, consistent

sults (Liu et al., 2005) and assumed that this hypotheticalWwith the increase in heating in the lower troposphere. From
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the BL (Fig. 7a, b) and the BL + BuL (Fig. 7c, d) contribu-

""""""""" tion to the total AOBs50 nmand highlights the importance of
S I that parameter to retrieve the air quality from the AOD. The

o~ | PM25 measurements were limited to 3 out of the 6 ground

A0 e Mined "

35 1* Layer aloft

mg 30 sites, while the aerosol volume was measured aboard the P-
S 25} 3B over the 6 ground sites and thus offers a more statistically
% robust comparison (Fig. 7b, d). Moreover, the comparison of
g 20¢ the PMp 5 with the aerosol volume concentration measured at
w 15t the lowest level of the P-3B profiles shows high correlation
o coefficients (0.93, 0.92 and 0.89 respectively at Beltsville,
= Fairhill, and Edgewood).

L y =74x -3.9, R =0.82 He et al. (2008) have shown that the haze layer concept
PPN 2 e | (the haze layer top is defined by the height where the aerosol
y =46.3x -6.41, R” =0.51 S . .

. , . extinction coefficient decreases to 1/e times the aerosol ex-

0.2 0.4 0.6 0.8 tinction coefficient at the top of the BL) improves the rela-

AOD (P3B) tionship between Plk and the AOD. By integrating Eq. (2)
. ) . from the surface to the top of the BuL (available from ra-
Fig. 6. PM>5 measured from the EPA ground sites (Beltsville, dio soundings), the relationship between the AQRmand

Edgewood and Fairhill) as a function of the AG¥y m calculated . - . 2
using extinction profiles performed by the P-3B when an elevatedthe Pl\/b_52|s Strongly' improved (Fig. 7c, dk“>0.95 com-
toR< ~0.84 using the BL). The same study has been

aerosol layer aloft the BL was observed (red squares) or abserRar€ 10K
(black dots). done using the haze layer calculated from the HSRL mea-

surements (Scarino et al., 2013), showing similar improve-

ments R2>0.95). Nevertheless, the haze layer is a Lidar
the BL structure analyses (D. Lenschow, personal communiproduct and might not be available for most studies trying to
cation, 2013) for the DISCOVER-AQ project, a distinct BuL assess the AOD and RM relationship. The strong relation-
was present in 80 % of the profiles (192 of 240). Overall, theships (with low variability) between column integrated mea-
AODs50 nm contribution from the BL was between 57-61 % surements and the averaged volume of the aerosols sampled
(Table 2). Considering the study cases presented in Fig. 4within the BL + BuL show that using the BuL height instead
the BL contribution to the AOB50 nmin the usual case (i.e., of the BL height, provided by radiosounding measurements,
highly concentrated BL and no aerosol layer aloft similar to will improve the PM 5 retrievals from the AOBso nm
20 July 2011) is about 60 %, while the BuL contribution is ~ While we show that using the BuL height as the aerosol
lower than 27 %. The presence of an aerosol layer aloft (i.e.|layer top is reasonable for the large observational data set ob-
similar to 21 or 28 July 2011) dramatically decreases the BLtained in the Baltimore—Washington metropolitan area, there
contribution to the AOBso nm (less than 37 %), and thus the may be other locations where this assumption does not hold.
extinction from aerosols present in the BuL dominates thelndeed, the systematic presence of an aerosol layer above the
AODss0 nm(contribution of approximately 60 %). By sorting BuL (only 17 % of the profiles in this study, Fig. 4c) would
the data as a function of the presence or the absence of a layercrease the variability of the correlation shown in Fig. 7d.
aloft the BL, two distinct tendencies can be observed (Fig. 6). Thus, this study motivates additional work focusing on the
Indeed, when the aerosols are confined in the BL, the correrelationship between AOD and RMin environments where
lation coefficient between AOE3g nmand the PMs is rela- aerosol layers are frequently observed above the well-defined
tively high (0.91) and the slope is approximately 74, while BL and BuL (e.qg., African coast, SE United States) or in re-
the presence of an elevated layer leads to a wider spread @fions with especially shallow BL or BuL heights (e.g., win-
the data setf? = 0.71) and a lower slope (46.3). Thus, the tertime San Joaquin Valley, CA, USA).
presence of this layer may lead to an underestimation by a The direct comparison of the calculated AOD (550 nm,
factor of 1.6 of the PM5 at the surface. These results il- Fig. 5) and the measured BM shows a strong correlation
lustrate the potential pitfall of Pk estimation when lofted  without taking into account the BL height ant{RH) con-
layers are present. straints most likely due to similar properties of the aerosol

Figure 7 shows comparisons between Afgdhm de- sampled within the BL and the BuL (e.gf,(RH =80 %)

rived from the P-3B profiles, the ground-based aerosol massnd effective radius). Figure 8 shows a comparison of BL
(PM255), and aerosol volume measured at the lowest P-3Band BuL values for effective radius anfRH =80 %). The
flight level scaled byf (RH)ampand the height of the surface- plots show the parameter averages for each vertical layer
coupled, mixed layer. The BL and the BuL heights (bound-(BL or BuL) during each P-3B profile and highlight the
ing the height of the layer (including the BL and the BuL) in strong similarities of the aerosol physical (represented by ef-
which most of the aerosols are observed) are used to reprdective radius) and chemical (represented f{{RH =80 %)
sent the height of this mixed layer. The color code representproperties in each layer. Indeed, more than 76% of the

www.atmos-chem-phys.net/14/2139/2014/ Atmos. Chem. Phys., 14, 213%3 2014



2148 S. Crumeyrolle et al.: Factors that influence surface Pl retrievals
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Fig. 7. PM2 5 values weighted by varying factors as a function of the ambient &gRnmeasured by the P-3Ba) uses the BL height and
f(RH)amp (b) uses the BL height and volume concentrations measured aboard the(®348gs the BuL height and(RH)amp and(d)

uses the BuL height and volume concentrations. The color code represents the BLEBIL) contribution to the AOD and the size of each
dot correspond to the BL (BuL) heighfa), (b) and(c), (d) respectively). The red line is corresponding to the linear fit of cases where the
AOD contribution of the BL is higher than 75 %.

effective radius and 88 % of th¢(RH=80%) values are ity as well as water fraction (WF) (Eq. 7, Shinozuka et al.,
within £10% of the 1 1 line. Very few cases during this 2007) are analyzed (Fig. 9):
campaign show important differences in the aerosol physi-

cal or chemical properties. Differences between the BL andyg = 1 — %_ (7)
BuL aerosol properties might be more frequent over some re- AODamb

gions where the atmospheric vertical structure of aerosols igq, most cases (>60%), the AQE nm values measured

strongly influenced by different aerosol sources. at ambient RH during this campaign were lower than 0.2.
Several studies report AQkynm reference values for re-
5.1.2 Relative humidity mote (Mauna Loa, Hawaii; Holben et al., 2001), rural (La-
mont (Oklahoma), Andrews et al., 2011; Bondsville (llli-
High relative humidity conditions, frequently encountered in nois), Fort Peck (Montana), Goodwin Creek (Mississippi),
the BL and in the vicinity of clouds, can result in significant Table Mountain (Colorado), Penn State (Pennsylvania) and
modifications of the optical properties (Hanel, 1984; Twohy Sioux Falls (South Dakota) Augustine et al., 2008) and urban
et al., 2009; Schuster et al., 2009) due to aerosol hydration(Goddard Space Flight Center [GSFC], Maryland; Holben et
To account for this effect, the frequency of the AGBnm al., 2001) USA regions. All AOBsp nm Observed in the re-
(calculated from theext ampmeasured at 550 nm aboard the mote atmosphere are below 0.06 all year long (for about 5
P-3B or measured by AERONET) at ambient relative humid-years of measurements), over rural areas their values vary
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Fig. 8. Comparison of the effective radiga) and f (RH=80)550 nm . . . .
(b) averaged witin the BL (boundary layer) and the Bul. (butter £ 2 CERINEY 7 80 mnlE R T S ter facton
layer) for all the DISCOVER-AQ sites (Beltsville, Padonia, Fairhill, . ; . ;
Aldino, Edgewood and Essex). The black line corresponds to the%';m percent, blazk ll')ne) ga:]cu:gtgg usngthe7dry and ambient
1:1 line and the gray area represents the 10 % variability. 550 nmMeasured aboard the P-38 (see Eq. 7).

2 | | |

between 0.11 and 0.47 during the summer period (using at 20
least 3yr of measurements), while at GSFC the values were
on average 0.% 0.25 for the summer period (using 7 yr of

measurements, 1992-1999). The values observed over th £ 6] B
Baltimore—Washington metropolitan area are unusually low ""g 14 =
during DISCOVER-AQ in summer 2011 and are more rep- "¢, | B
resentative of rural environment. Comparing the dry and wet =

AODss0 nm highlights the contribution of the aerosol load- £ 10 B
ings versus the combined contribution of aerosol loading and 'f 8 =
water uptake. Lower AOD values (less than 0.1) were typi- >§ a o RS 15 |

cally observed in conjunction with low RH (less than 50 %)
and were not considered for this analysis. For all other cases 47
increased water fraction resulted in increased AOD: 15 % for 2 2 001 +00107 |-
AOD of 0.1, 35% for AOD of 0.35. These results suggest O 95% Confidence Region
that, at this location and for these profiles, the larger AOD oo 0; sz ofa 0f4 0?5 Ofe
values (> 0.4) are mainly driven by water uptake. AODy g (550nm)

During this campaign, thef(RH=80%) values, calcu- re
lated at 550 nm, were observed to vary significantly from Fig. 10.Aerosol volume concentration averaged in the BL weighted
1.28 to 1.91 on a day-to-day basis (Ziemba et al., 2013))y the BL height, when the aerosols present in the BL are contribut-
but the profiles were fairly constant within the BL. The ing at60 % and more, as a function of the Agjg nmfrom the P-3B
f(RH)amb varied from 1.03 to 2.03 on a day-to-day basis.measurements. The colors correspondf (&H)amn550 nm values
To isolate the dependence of A@3nm on aerosol liquid lowerthan 1.2 (red) and larger than 1.5 (blue).
water content effect from the aerosol vertical distribution,
only the cases showing a BL contribution to the A§BPnm
larger than 60 % were taken into account. Figure 10 showsre twice as high as those for the high&RH)amp values
the aerosol volume present in the BL (RH <50 %), sorted aq84 versus 40). PWs retrievals for AORs50 nm between 0.1
a function of thef (RH)amp averaged in the BL (larger than and 0.16 may vary from 6 phtm=2 km for aerosols associ-
1.5 and lower than 1.2) as a function of the AQgp, calcu-  ated with low f(RH)amp Values (<1.2) to 12 pAcm3km
lated at ambient RH. It is interesting to note that the largerfor aerosols associated with high(RH)amp values (> 1.5).
aerosol volume concentrations are associated to the largéfhe PM 5 retrievals from AODRso nmmeasurements are thus
values of thef (RH)amb Slopes for the lowf(RH)ampVvalues  highly dependent on thg(RH)amp of the aerosols when the

— y=10.0150x + 0.0288
0 95% Confidence Region|f—

® f(RH)<1.2
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1 - ——— at the surface and the column integrated measurements.
o O TR s, cromd KD 35 The aerosol optical depth (AOD) was calculated using
0.95F RH_ /RH 11 . . Lo ..
O oromd ™ p-33.mean the integration of the extinction coefficient measured at
g 00 ° O Rlrouma®p.ap max 11 550nm on board the P-3B throughout the column. The
£ 0o B measurements were performed during one month and show
g 085k g that the aerosol mass concentrations fBMmeasured at the
5,5 108 & surface (EPA ground sites) and the AOD time series show
g 08 o = strong similarities. Sorting the AOD values with the water
% & fraction highlights that the larger AOD values are driven by
z 0.75 106 £ water fraction.
e Three different atmospheric vertical structures were com-
0.5 = . .
monly observed: (i) the aerosol layer is capped by the bound-
04 ary layer height (60 % of the profiles), (ii) an aerosol layer

o o 60 (Z/f) 80 % capped by the top of the BuL including the BL (23 % of
mean, BL . .

’ the profiles), and (iii) an aerosol layer disconnected from
Fig. 11. Ratio of the f(RH)amb groundt® f(RH)amb,p-38 (black the BuL and BL (17 % of the profiles). Previous studies (Al-
dots), of the averaged and maximum values as a function of the avSaadi et al., 2008; Tsai et al., 2011) have discussed the im-
eraged relative humidity measured during the P-3B profiles withinportance of taking into account the aerosol layer height to
the BL. estimate more precisely the BM from the AOD. The ob-
servations show that the variability of the extinction coeffi-

. . . cients within the boundary layer (BL) is low (<9 %), allow-
measurements were performed. Ignoring or using an unsuit-

bl (R e aosos could o 0. g rr o 75 1 1199 MELon over e et L stuce e
tor (from 1 up to 2, according to this data set) on thesBM P

. total AOD is used to constrain the relationship between the
retrievals.

While £(RH)amp vertical profiles are not yet available on AODssonm and PMs. As a result, different AOD versus
PMz 5 slopes are observed as a function of the presence and
a global scale, ground measurementsfdRH)amp or RH

are available and can be applied to the entire column to im_the optical thickness of the elevated aerosol layer. Thus, the

prove the estimation of P from the AODs50 nm TO esti- ifﬁlgrgt/g; tt?\i Ellrglla)égirzc;?::]nﬁ gn‘:v'ggge BL Lch;?r:nbtl;]téon
mate the errors induced by using the ground measurement b S 50 nm 9

. §0p of the BuL instead of the BL top as the height for the
the f(RH)amb,grounawas calculated using the RH measured fileI’OSO| layer dramatically improves the RP#/festimation.

at the ground sites and the scattering coefficients (ambien During this campaign, the’ (RH)am effect on the esti-

and dry at 550 nm) measured at the lowest level of the P-3B_ . .
. . . mation of the PM; is found to be secondary compared to
profiles (Fig. 11). Under dry conditions, reasonable agree-, . o e
. the aerosol vertical distribution and the contribution of the
ment (<10 % error) is observed between the ground-base o X
. : aerosol within the BL, and induced an error factor vary-
and P-3B f(RH)amp measurements; however, this agree- . .
. ing from 1 to 2. Moreover, the comparison of the observed
ment worsens considerably at RH >75 % (errors larger thanf(RH) and the calculated(RH) hows that
19%). Therefore, in order to estimate the Pdfrom the amb,P-38 amb,grounds

the errors are lower than 10 % when the BL is relatively dry

AODss0nm the groundf (RH)amp measurements should be (<55 %), while the errors are larger than 19 % when the BL

used only when the relative humidity throughout the atmo-. . .

) . is relatively humid (larger than 75 %).
spheric column is lower than 55 %.

o ) This work examines the uncertainties associated with the
Similarly, the average and maximum values of the rela-

tive humidity measured aboard the P-3B are compared to the>¢ of AOD measurements to estimate ground-basegsPM

. - and finds that accurate quantification of the aerosol mixed-

relative humidity measured at the ground. Ground-level ex-, . : o
: ; layer height is paramount for accurately predicting 22M
trapolation through the column always results in an underes- : . , .
L " concentrations, while capturing the compositional-based
timation of true RH, by 50 % under dry BL conditions and AT . )
30% under wet BL conditions f(RH)amp variability is Ies; .|mportant for Phk gstlma-
’ tion. During clear sky conditions, thé(RH)amp variability
is found to be a second-order effect in the overall estimates.
6 Conclusion Since these results are representative of the Baltimore—
Washington metropolitan area, extrapolating these results

Over 240 profiles of aerosol optical, chemical, and mi-to other geographical locations must be done with care.
crophysical properties were performed during the NASA The four field campaigns planned during the DISCOVER-
DISCOVER-AQ, over the US Baltimore—Washington AQ project offer an opportunity to perform similar stud-
metropolitan area, offering an excellent opportunity toies over different regions characterized by a wide variety
study the correlation between the air quality observationsof aerosol sources and meteorological conditions. Together
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these studies will provide a better understanding of the ability Characterization Experiment, J. Geophys. Res., 103, 16565—

of future remote-sensing retrievals to quantify surfaceBM 16574, 1998.

on a global or regional scale. Carrico, C. M., Rood, M. J., and Ogren, J. A.: Aerosol light scat-
tering properties at Sagres, Portugal, during ACE-2, Tellus 52B,
694-715, 2000.
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