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[1] From March to May 2001, aerosol size distributions and chemical compositions were
measured using differential mobility analyzers (DMA), an aerodynamic particle sizer
(APS), Micro-Orifice Uniform Deposit Impactors (MOUDI), and denuder samplers
onboard the Twin Otter aircraft as part of the Aerosol Characterization Experiment
(ACE)-Asia campaign. Of the 19 research flights, measurements on four flights that
represented different aerosol characteristics are analyzed in detail. Clear-column radiative
closure is studied by comparing aerosol extinctions predicted using in situ aerosol size
distribution and chemical composition measurements to those derived from the 14-
wavelength NASA Ames Airborne Tracking Sun photometer (AATS-14). In the boundary
layer, pollution layers, and free troposphere with no significant mineral dust present,
aerosol extinction closure was achieved within the estimated uncertainties over the full
range of wavelengths of AATS-14. Aerosol extinctions predicted based on measured size
distributions also reproduce the wavelength dependence derived from AATS-14 data.
Considering all four flights, the best fit lines yield Predicted/Observed ratios in boundary
and pollution layers of 0.97 + 0.24 and 1.07 = 0.08 at 525 nm and 0.96 + 0.21 and

1.08 + 0.08 at = 1059 nm, respectively. In free troposphere dust layers, aerosol
extinctions predicted from the measured size distributions were generally smaller than
those derived from the AATS-14 data, with Predicted/Observed ratios of 0.65 + 0.06 and
0.66 £ 0.05 at 525 and 1059 nm, respectively. A detailed analysis suggests that the
discrepancy is likely a result of the lack of the knowledge of mineral dust shape as well as
variations in aerosol extinction derived from AATS-14 data when viewing through
horizontally inhomogeneous layers. INDEx TERMS 0305 Atmospheric Composition and

Structure: Aerosols and particles (0345, 4801); 0360 Atmospheric Composition and Structure: Transmission
and scattering of radiation; 0345 Atmospheric Composition and Structure: Pollution—urban and regional
(0305); KEYWORDS aerosol optical depth, ACE-Asia, Sun photometer
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Table 1. Measurements Made Onboard the Twin Otter That are Related to This Study

Property measured Size range Instrument Time resolution

Aerosol microphysics

Aerosol size distribution 0.015-In Differential mobility analyzer system 100 s

Aerosol size distribution 0.5-20m Aerodynamic particle sizer 20s

Aerosol hygroscopicity 0.040-0.6n Tandem DMA system 20 min
Aerosol composition

Inorganic anions, elements <t MOUDI sampler 30minto1lh

OC, EC <2.3m Denuder sampler 30mintolh

Optical property
Aerosol optical depth 14-wavelength Sun photometer 4s
Aerosol scattering coefficient TSI 3563 nephelometer 1ls

Meteorological measurement
Pressure, temperature, RH Various 1s

[3] A fundamental question that underlies prediction afcertainties in the aerosol size and composition measure-
aerosol climatic effects is how accurately aerosol radiativeents, we devote attention to a careful analysis of the
properties can be predicted based on measured in si@asurements on which the radiative closure is based.
microphysical and chemical properties. If it can be demop- _ : .
strated that columnar aerosol extinction and other radiatkd:  Differential Mobility Analyzer (DMA) o
properties (e.g., absorption, angular distribution of scattefs] Two DMA systems, operated in parallel inside the
ing) can be accurately predicted given the knowledge ®Rin cabin of the Twin Otter, were deployed during ACE-
atmospheric aerosol size and composition, then models #sig [Wang et al. 2003]. One of the two systems measures
predict these properties can be confidently used to preditg dry aerosol size distribution by passing the aerosol flow
climatic effects of aerosols. This so-called radiative closdfgough a Nafion drier prior to the measurement. The other
has been attempted with varying degrees of succesgnigasures the aerosol size distribution at ambient relative
several field campaigns using a variety of overdeterminedmidity (RH) by using an active RH controllaigng et
measurements and mode”ng techniqbﬁmﬂke et al, al., 2003] The aerosol sample was introduced in the
1996; Hoff et al, 1996; Hegg et al. 1997; Howell and Nafion tubes housed in a stainless steel shell, and the
Hueberf 1998;Redemann et al1998;Collins et al, 2000]. control of the aerosol RH was achieved through controlling
ACE-Asia was planned to provide an unprecedented opptte RH of the countercurrent purge flow between the
tunity to perform aerosol radiative closure studies fromNgfion tubes and the stainless steel shell. A feedback
number of platforms. This paper focuses on radiatig@scade algorithm was used to achieve good control accu-
closure between the aerosol extinction calculated using’@¢y. The size measurement sections of the two systems
situ measurements of aerosol size distributions and chemft@nstream of the drier and active RH controller are
compositions aboard the CIRPAS Twin Otter aircraft ai@entical. The main components of the measurement sec-
those derived from the 14-wavelength NASA Ames Aition are a cylindrical DMA (TSI Inc., model 3081) and a

borne Tracking Sun photometer (AATS-14), which flew ofondensation particle counter (TSI Inc., model 3010),
the same aircraft. which has a 50% counting efficiency at 10 nm. All the

[4 ACE-Asia was conducted in east Asia from latBows associated with the DMA are monitored and main-

March to early May 2001. Intensive field measuremerigined by feedback controllers to compensate for environ-
were conducted off the coast of east China, Korea, amgntal changes during airborne measurement. Using the
Japan. A detailed description of the campaign is given Bganning mobility technique, each DMA system generates a
B. Huebert et al. (submitted manuscript, 2002) (Overviesize distribution from 15 nm to Im diameter every 100 s.
paper). The CIRPAS Twin Otter flew 19 scientific misBoth DMA systems were carefully calibrated prior to and
sions out of Iwakuni Marine Corps Air Station, Japarfluring ACE-Asia, and accurately recovered both the peak
Four of those missions sampling different air masséige and number concentration of monodisperse calibration
provided ideal conditions for detailed analysis of predict@grosols as small as 30 nm diameter. The aerosol sample
and observed clear-column aerosol extinction, and Wews for the DMA systems were drawn from the Twin

address these four cases in detail in the present paperOtter community inlet, which was shared by other instru-
ments in the main cabin. For the particle size range

measured by the DMA systems (diameters smaller than 1

2. Aerosol Size Distribution Measurements m), the aerosol transmission efficiency through the com-
. . _ _munity inlet has been established to be 100%. Data from

[s] The suite of instruments related to this study, whigdhMA systems were analyzed using the data inversion

are deployed on the Twin Otter, are listed in Table procedure described §ollins et al.[2002].
Measurements and data reduction for each instrument are

described in detail in this section. Because it is essentialtg. Aerodynamic Particle Sizer (APS)
assess the uncertainty associated with the eventual radiatizg@ An APS (TSI model 3320), which has a measurement
closure, and because some of that uncertainty results framge of 0.5—20m in aerodynamic diameter, was mounted
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under the left wing of the Twin Otter. The APS infersising the gas—aerosol thermodynamic model, ISORROPIA
particle size by measuring the velocity of particles inertialfiNenes et a).1998]. The details of the density calculation
accelerated in an expanding air stream; large particees described subsequently. In this study, particles are
undergo smaller acceleration and achieve lower velocitgsumed to be spherical, a reasonable assumption for
than small particles. Note that the APS does not measurelifigroscopic aerosols in the marine boundary layer (MBL),
traditional aerodynamic particle size, for reasons that avkere most often the aerosols are deliquesced as a result of
explained below. high RH. For particles at low RH and nonhygroscopic

[8] Independent of the sampling pressure, i.e., aircrafarticles, such as mineral dust, the assumption of sphericity
altitude, the velocity of expanding air downstream of th#oes not necessarily hold. Lack of knowledge of dust
APS nozzle reaches 150 m/s. The particle Reynolds numparticle shape as well as its dynamic shape fact@nd

inside the acceleration region is defined as the ultra-Stokesian correction factor (a;Re), is a source
of uncertainty in APS measurements. Uncertainties in the
oDp Vg Vp aerosol extinction calculation resulting from the assumption
R ———— 1 of spherical particles is estimated by using data on non-

spherical agglomerate particles measuredChgng et al.

; ; : ; ; 1993].
where 4 is the density of airD, 36V s the particle [ . . . :
volume-equivalent diameter, whevds the volume of the [10] The APS occasionally detects recirculating particles

particle.v is the air speed in the instrumejthe speed of within the detection region, leading to so-called artificial
the accelerated particle, andthe viscosity of air. For Particles Btein et al. 2002]. The particles involved are

polystyrene latex (PSL) particles with diameters of 1.0, 24enerally small in size but, due to recirculation, cross the
5, and 15 m, the corresponding values of Rin the etection laser beams multiple times with a reduced speed.
ai:celeration région are 0.65. 4.8 24. and 103 respecti\/% a result, when this occurs, these small, but slow particles

[Wang and John1987]. Therefore, the interaction of thé' Misinterpreted as large particles. While on a number
; ; ; ; : |g@ncentration basis, these artificial particles represent only a

Stokes regime (Re< 0.05). Under the ultra-Stokesian’€"y small fraction of the total particles detected, because
e Rese particles are interpreted as large (@9, this could

condition (Rg > 0.05), the particle speed after acceleratid T : o
roduce significant errors into an aerosol extinction calcu-

's a function of particle aerodynamic size as well as tation These artificial particles can be removed by applying
density of the particleW}ilson and Liy1980;Baron, 1984]. - SR
y P o Y " ] & matrix data mask to the correlated APS data, which is a

In an attempt to quantify the effect of particle density .
APS measuremenyang and Johf1987] found that within slmultaneous measurement of the particle speed and scatter-

the resolution of the instrument, inside the detecti intensity as they_ cross the laser bemih etal.2002]. .
volume, two particles with the same velocity, i.e., the sa sed on the principle that large particles scatter more light

APS response, have the same acceleration. This findiig" small particles, a particle sized to be large (slow speed)

enables accurate interpretation of APS measurem associated with little light scattering is identified as
provided with calibration dataCheng et al.[1990] artificial and removed from the data. Figure 1 shows an

; ; ; ; le of the correlated data, which were taken during
generalized the analysis to include particle shape and mp ) S o .
correction factor. For two particles with the same A searph Flight 9 on 14_Apr]I 2001. Theau. IS 1S the I|g_ht
response, the following relationship holds: scattering channel, which increases in the direction of

increasing intensity of light scattered by particle. Yla&is
is the time of flight channel, which increases with increasing
1 aRe} 1 aRe) particle time of flight between the two detection laser beams,
D2.C Do 2 D2.C D 2 e, aerodynamic pgirticle size. The dqta mask is reprgsented
p2pz 2 pL=p1 TPL by a straight line in the two-dimensional time of flight-
scattering intensity space. Particles appearing below the line
where subscript 1 denotes the calibration particle (In thee identified as artificial and removed. The mask given by
present case, spherical PSL particles, density = 1.05)g/crthe dashed line (TSI carbon mask) is based on the calculation
and subscript 2 denotes the particle of intergstis the of light scattered by black carbon particles; the solid line is a
particle densityC the slip correction factor, the dynamic custom mask constructed based on ACE-Asia data. Analysis
shape factor, and (1 aRe”) the ultra-Stokesian correctionof data using each of the two data masks is considered in the
factor. For a spherical calibration particler 1, a = 1/6, case studies.
and b = 2/3. The slip correction factor and the Reynolds[11]] The commercial APS has been engineered for labo-
number are evaluated at the APS sensing volume, which hetery measurement. A special inlet for airborne sampling
a lower pressure and temperature than the ambient conditi@s developed by MSP Corp. to minimize impaction
as a result of the expansion of the air stream. Given tbarticle losses when transporting particles in a high speed
calibration particle diameteR,,, and its density, ,;, the air stream to the instrument. The flow rate of the APS inlet
volume-equivalent diameter of the measured partizjg, system, 100 L/min, is equal to the product of the average
can be derived using equation (2) with knowledge of itsrcraft cruising speed, i.e., 50 m/s, and the cross-sectional
density, ,,, the dynamic shape factor, and the ultra- area of the inlet diffuser tip. The actual instantaneous flow
Stokesian correction (1 azRep%). rate may be somewhat different from the average value, 100
[s] The density of the measured particle is calculatédmin, and the resulting uncertainty in predicted aerosol
using the constructed size-resolved particle chemical camtinction is discussed subsequently. After entering the inlet
position, together with its water content, which is calculateiffuser, the flow slows down significantly. The ID of the
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[14] The aspiration and transmission efficiencies charac-
— Custom mask terize the superisokinetic sampling of the APS inner inlet
- - - TS| carbon mask|| @and the particle deposition on the inner nozzle, respectively.
The detection efficiency is defined as the fraction of

particles entering the detection area that are counted.

[15] While APS counting efficiency APS has received a
lot of attention, the only study of the counting efficiency of
the most recent model 3320, that deployed on the Twin
Otter, is apparently that dfrmendariz and Leit§2002].

The counting efficiency oArmendariz and Leitj2002]

and that of an earlier model (3310) Kinney and Pui

[1995] are shown in Figure 3. The APS 3320 studied by

Armendariz and Leitfi2002] was equipped with an earlier

- version firmware (Version 1.78), which produces problem-

atic correlated data. As a result, the removal of artificial

- large particles by applying mask to correlated data is not

possible, andArmendariz and Leitj2002] reported the

counting efficiency of particle only smaller thanrs based

I I ofr; the noncforrr?lated gaéag.zghg data ShO\;/;Vothatf theocounting

efficiency of the AP egins at 30% for 0.6

0 5 10 , 1',5 ,20 25 30 diameter particles, increases to 100% for G particles,

APS scattering intensity channel then drops to 60% for 5m particles. The nonunity

. . ounting efficiency around 0.5m is probably due to the
Figure 1. APS correlated data taken during Resear ; o ; ;
Flight 9 on 14 April 2001, Two data masks used to remO\%\N detection efficiency, a result of low scattering light

J . " . ensity of submicron particles. The counting efficienc
artificial particles are indicated by the solid and dash?é}acheg 90% at 0.7m, sSggesting the detectior? efficiencyy

!lnes. Thex axis 1S th‘? I|ght scatter|ng_channel, Wh'Chs at least 90% and most of the particle at this size scatter
increases with increasing intensity of light scattered

particles. They axis is the time of flight channel, which ough light to be detected. In this study, particles larger

increases with increasing particle time of flight betwe {han 0.7 m are assumed to scatter enough light to be
: gp . € or g “fetected, and the counting efficiency is not a strong function
two detection laser beams, and is an indication of parti £

size the particle refractive index. Only APS measurements
' above 0.7 m were used in aerosol extinction calculations.
[16] Kinney and Pui[1995] studied the product of the
] ) o aspiration and transmission efficiencieggf wan) Of the
inlet diffuser tip is 0.66 cm and the ID at the end of the %arlier 3310 model. Since the APS 3320 has a similar design
diffuser is 2.54 cm. The flow then enters a virtual impactqjt the inlet geometry and similar flow characteristics to those
where it is split in a 25/75 ratio. The flow division ispf the 3310 model, the detection efficiency of the APS 3320
achieved by a flow splitter with two carefully sized orificesyjithin the overlap region of the two measurements can be
the performance of which was confirmed experimentally,roximated by the ratio of reported efficiencies (Figure 3).
under typical flight conditions. A small fraction (5 L/min) ofassuming the detection efficiency is constant for particles
the major flow after the division (75 L/min) is sampled byyrger than 2 m, the counting efficiency of the APS 3320
the APS, and the remainder of the flow (70 L/min) igan be extrapolated from Kinney and Pui's results to

10

20

30

APS time of flight channel

40 —

50 —

removed from the system with the minor flow. diameters exceeding 5m. The assumption of a constant
[12] The total counting efficiency of the APS measure-
ment, 4, is
T T T T T T T T
t s APS 3 10 7]

where ¢is the transmission efficiency of the airborne inlet 0.8
system and apsis the counting efficiency of the APS;is
determined using uranine-tagged oleic acid particles, whiclos -5 Tranmission efficiency
are generated by a TSI vibrating orifice aerosol generatmr. of APS airborne inlet
The efficiency was calculated from the mass of aerosoly 4|
collected on the 5 L/min APS tube with respect to the total
mass entering the sampling system at 100 L/min flow rate

multiplied by the flow split ratio (i.e., 20). The, used in >~
this study is presented in Figure 2.

[13 The counting efficiency of the APS is a product of %°E L L L L Lt
aspiration (asp, transmission (), and detection () Aerodynarric Diar;emr ) '
efficiencies:

Figure 2. Transmission efficiency of the APS airborne
APS asp tran det 4 inlet.
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Figure 3. APS counting efficiency oArmendariz and Leitf2002] and ,sp yranfor APS model 3310 of
Kinney and Puj1995].

detection efficiency is supported by the detection efficiensgnsitivity of calculated aerosol extinction to the amount of
derived in the overlap region, which shows little variatio®PS ram heating is discussed later.

To account for the potential error in the extrapolation of t%? . . o

APS counting efficiency, a +50% uncertainty is assumed foft: Aerosol Chemical Composition and Mixing State
the APS concentration over the extrapolation size range ifté] Backcalculation of the ambient particle size distribu-

the uncertainty analysis of the aerosol extinction calculati¢®n from each instrument’s data requires knowledge of the
size response to RH. Interpretation of APS data requires the

2.3. Integration of Size Measurements particle density, which, in turn, generally necessitates
[17] Adjusting the DMA and APS measurements tknowledge of aerosol chemical composition and mixing
ambient size distributions, which are needed for extinctistate. The construction of aerosol chemical composition is
calculations, requires knowledge of measurement condiiscussed in this section, and the two sections following
tions inside each instrument as well as the responsefafus on the calculation of the aerosol size response to RH
aerosol size to the RH change. For the DMA system wiétnd aerosol density. On board the Twin Otter, a set of 8

active RH control, the RH inside the instrument wadicro-Orifice Uniform Deposit Impactors (MOUDI) and
generally maintained at the ambient level and little corredbree denuder samplers were deployed to characterize
tion was needed. However, when the aircraft sampled a@rosol chemical compositions. The sample flow rate of
masses with rapid RH variation, the RH inside the instrthe MOUDI is 100 L/min. Each MOUDI has 5 stages that
ment lagged somewhat behind the ambient RH. The R#llect particles within predetermined aerodynamic diame-
inside the DMA was continuously monitored and recordetér ranges. However, to reduce the sampling time, only one
Determining deviation of the APS measurement RH frostage of each MOUDI was used to collect particles (below
the ambient RH inside the APS is more complicated than for m) during the ACE-Asia campaign. The 8 MOUDIs
the DMAs since neither RH nor temperature of the sampmaable sampling of multiple representative air mass during
flow is directly measured. Assuming no heat exchangach flight. The MOUDI sample filters were extracted using
between the aerosol flow and the conduit wall, the tempeeionized water (HPLC grade) through mechanical shaking
ature of the air stream increases about@.as the flow for 20 min. The filter extracts were then analyzed for the
decelerates in the diffuser. The residence time of the airflovetallic elements (total mass including soluble portion,
before reaching the APS is about 0.4 s, which is suffici€fdations,” and insoluble portion) using an inductively
for particles up to 20m diameter to adjust to the decreasecbupled plasma-atomic emission spectrometer (ICP-AES,
RH. Before reaching the sensing volume, the RH of tmeodel Jarrell Ash 955), and water-soluble anionic species
aerosol flow once again changes as a result of acceleratisimg a standard ion chromatography (IC) system (model
through the APS nozzle. However, the resulting low&IONEX DX-500) (S. Gao et al., Aerosol chemistry, and
temperature and higher RH will not further change thight-scattering and hygroscopicity budgets during outflow
particle size, since the time between acceleration a@nom East Asia, submitted tdournal of Atmospheric
detection is about 1s. Since the water vapor concentratio@hemistry 2002).

is conserved during transport of the air stream to the APY;9] A pair of low-flow denuder samplers were used to
the RH of the APS measurement was calculated from ttwlect filter samples for analysis of Organic Carbon (OC),
ambient RH assuming a 1@ increase in temperature. Thend Elemental Carbon (EC) using a thermal—optical carbon
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Table 2. The Concentration of N SC&Z , and NG During Recent Studies of Aerosol
Chemical Composition in East Asia (Unig/nt)

Molar ratio

Reference NE SO NO; NH/(2SG  + NO3) Location
He et al.[2001] 4.28 10.15 7.26 0.72 Beijing, China
Choi et al.[2001] 4.5 7.28 8.04 0.89 Seoul, South Korea
Choi et al.[2001] 5.51 12.79 13.14 0.64 Seoul, South Korea
Choi et al.[2001] 3.87 11.16 8.16 0.59 Seoul, South Korea
Kim et al.[1998] 2.81 8.4 0.89 0.82 Cheju, South Korea

analyzer Mader et al, 2002]. A single high-volume particletion of constant mass ratio among fine mode chemical
trap impactor—denuder sampler was used to collect samlescies is supported by onboard Aerosol Mass Spectrometer
for the determination of water-soluble organic carbon asize and chemically resolved mass concentration measure-
individual compounds comprising the OC. Calibratioments, which showed the mass ratios betweep/NgQ/
experiments determined the collection efficiency of ti¢Os/Organics were approximately independent of size in
denuder sampler is over 90% for particle with 218 the submicron size range [R. Bahreini et al., Aircraft-based
diameter or smallelMader et al, 2002]. aerosol size and composition measurements during ACE-
[200 None of the above samplers produced size-deperdia using an aerodyne aerosol mass spectrometer, manu-
ent information on chemical composition; thus, the foscript in preparation, 2002]. For the partition of sea salt and
lowing assumptions are made in order to construct tbest within the coarse mode, the majority of the coarse
size-resolved chemical composition. Since the concentmde is assumed to be sea salt in the boundary and
tion of NH; was not determined, the NHoncentration is pollution layers, and dust in the free troposphere (with the
estimated using the molar ratio, B2SCG + NO;). exception of the 23 April case discussed later). These
Table 2 lists recent studies of aerosol chemical compaassumptions are necessary, since none of the samples is size
tion in east Asia. Ammonium to sulfate plus nitrate molaesolved, and the filters do not include all the mass above 3
ratios among the studies range from 0.59 to 0.89. A ratim diameter. For each flight, size-resolved chemical
of 0.75 is assumed in this study. Based on previoaempositions were generated for each layer.
observations that sulfate, nitrate, OC, and EC are founfp] A Tandem DMA system was onboard the Twin
primarily in small particlesWilson 1997], and dust and Otter for measurement of aerosol hygroscopic properties
sea salt are most likely to reside in larger particles, t{i@. Collins et al., manuscript in preparation, 2002). The
aerosol mass was divided into fine and coarse modes. Bistem employs two high flow DMAs to maximize the
size boundary between the two modes will be discussamlinting statistics. Hygroscopic properties of particle with
below. The fine mode consists of NHSQ,, NO; OC, diameters ranging from 40 to 586 nm were measured.
and EC, and the coarse mode includes sea salt and dbsting most of the ACE-Asia flights, the Tandem DMA
when the mass size distributions of the fine and coadata showed that aerosols of the same dry size grew to
modes are lognormal distributions with the same gesimilar final size, i.e., similar water uptake when exposed
metric standard deviation, for aerosol with diamddgy to high humidity, suggesting that the particles were inter-
the mass ratio of the two modes could be written as nally mixed. Based on these observations, the present
analysis assumes internally mixed aerosols. While the
feoarse Dp Dp mixing state of supermicron particles is not available from
D Do hygroscopicity measurements, the assumption of an inter-
nally mixed aerosol in this size range should not cause
significant errors, since frequently the supermicron aerosols

. were dominated by a single component, sea salt or mineral
where feoarséDp) and frne(Dp) are the mass fractions ofgyst.

coarse mode and fine mode in the total mass of aerosol with ] ]

diameterD,, respectivelyD, is the particle diameter at2.5. Calculation of Aerosol Size Response to RH

which the mass fractions of the fine mode and the coarsp2] Given aerosol chemical composition, the size
mode are equal to each other, 50%, which is the “siresponse to varying RH was determined using the thermo-
boundary” between the two modes.s a positive number dynamic equilibrium model, ISORROPIANgnes et a).

that ensures that the fine mode and coarse mode domii®@8]. ISORROPIA describes the sodium—ammonium—
the total mass at small and large patrticle sizes, respectiveljoride —sulfate—nitrate—water aerosol system, and pre-
It will be shown subsequently that the calculated aerosbtts the equilibrium water content, as well as the concen-
extinction is insensitive to the value of and a value of 3.3 tration, of chemical species in both agueous and solid
is assumed in this stud,, is selected such that whenphases of aerosol at given RH and temperature.

equation (5) is combined with the in situ aerosol size[23] For RH between the crystallization and deliques-
distributions, the calculated fine mode mass of aeros@nce points, particles can exist in either the metastable
matches the MOUDI and denuder sampler measuremestate (deliquesced) or equilibrium state (crystallized). Usu-
The mass ratios among the chemical species of the faily, the state of the aerosol can be determined by compar-
mode are assumed as constants, which are determined firegnthe two size distributions measured by the DMA
MOUDI and denuder sampler measurements. The assusystems. As described above, the RH within one DMA

ffine Dp DpO (5)
fcoarse Dp ffine Dp 1
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Figure 4. Ambient size distributions derived from DMA and APS measurements in a layer at 450 m
altitude during Research Flight 17 on 27 April 2001.

(termed the “ambient” DMA) was maintained at ambient

level by using an active RH controller. However, the size

distribution measured by the “ambient” DMA is not always ) ) ]
the true size distribution of the ambient particles. Since thePle 3. Assumed Levels of Uncertainty Associated With
RH of the aerosol flow first decreases as the flow enters {ff@Perties Required for Calculation of Aerosol Extinction From
inlet, the deliquesced aerosol may be crystallized dueAgyosol Size Distribution and Composition Measurements

the initial RH decrease, and remain crystallized even aftetuncertainty source Base value Uncertainty
the RH later recovers to the ambient level. Therefore, we Deliquescence and efflorescence
can be confident that the ambient aerosol is deliques@&tiquesced? N/A N/A

only when the aerosol measured by the “ambient” DMA is

’ . . . . . Mixing state
d_ellques_ced, which is ewdgnced_ b)a a shift of the S|7Nﬁxing state Internal External
distribution measured by the “ambient” DMA toward larger
sizes as compared to the dry distribution. When particles RH measurements and ram heating
measured by the “ambient” DMA are crystallized (identicaimbient RH N/A il;’/o
size distributions from the two DMA systems), the true stalfl inside DMA N/A +3%
. . . S ram heating 1.2 1C,2C
of the ambient aerosol is less clear, especially when the
ambient RH is just above the crystallization point. In this Accuracy of size and concentration measurement
case, it is assumed that the aerosols within the boundama size ' N/A +5%
layer are deliquesced, and aerosols within elevated pollutiif concentration N/A +10%
layers and in the free troposphere are crystallized Und%E—S size NIA +10%
7= . . : . . . o S concentration N/A +20% (<5n), £50% ( 5 m)
tainties associated with this assumption will be investigatgsls gata mask Custom TSI carbon
subsequently. Organic carbon, elemental carbon, and min- _ N
eral dust are considered nonhygroscopic, and are only. Chemical composition
present in the solid phase of the aerosol. This assumpt] r’fsd +NOs) 97 e
is more likely to hold for elemental carbon and mineral dust® /m N/A +30%
but not necessarily for many organic species likely t0 Bg,oimoarse N/A +0.2
present $axena et al.1995]. Dpo in equation (5) N/A 15,/1.5
in equation (5) 3.3 27,43
2.6. Calculation of Particle Density . .
[24] At given RH and temperature, the aerosol density Particle density
given perature, Y BRist density 2.5 +30%
cal_culated using the concentrations of _both agueous density 1.2 +£20%
solid phases of aerosol, which are provided by ISORREE density 1.25 1.0, 15

PIA. The density of the aqueous phase is calculated based

on partial molar volumes, Effective refractive index

Effective refractive index Bruggeman Volume average
1000 oM Dust refractive index 1.56 + 0.0032..51 + 0.001f 1.61 + 0.0064
Tt 6  OC refractive index 1.55 1.50, 1.60

a 1000 0
== iGVP Ve EC refractive index 1.96 +0.66  1.8+0.5,2.0+ 1.0

0
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where , is the density of the aqueous phasgthe density sought. With the aqueous phase composition given by
of pure waterg; the molality of each solut®); the molecular ISORROPIA, the refractive index of the liquid phase can be
weight, V? the partial molar volume, andyy the excess obtained through the partial molal refraction approach
molal volume. In our calculation, itis assumed that no volunilgloelwyn-Hughes1961]. The refractive indices of the 8
change associated with mixing of water and the solutesrganic salts of the solid phase are taken froRC
occurs, i.e.Vss = 0. The error in calculated density by[1970], and OC and EC are assumed to have refractive
assuming/ s = 0 does not exceed 5% over the concentratiandices of 1.55 + D[Larson et al, 1988] and 1.96 + 0.66
range of NaCl droplets. This suggests that the assumptiSeinfeld and Pandid998] respectively. With no available
should not introduce significant error in the analysis since thhata on the refractive index of east Asia mineral dust, the
density calculation only affects the interpretation of APS datafractive index of central Asia dustqkolik et al. 1993],
For the size range measured by the APS, the aqueous aerb&@ + 0.0032 was used. The refractive index of each
phase, if any, is generally dominated by NaCl. component is assumed constant within the AATS-14 wave-

[25] The solid phase is assumed potentially to consist lehgth range (363—1558 nm). Both experimerddijek et
11 components, 8 of which are inorganic salts, and the othér 1988] and modeling studie¥ifleen and CHgk 1998]
3 are nonhygroscopic species: OC, EC, and mineral dulgmonstrate that the aerosol extinction of a composite
The density of the inorganic salts are available f@RC particle can be accurately predicted using refractive index
[1970], and the densities of OC, EC, and mineral dust aterived from Bruggeman mixing rule. The aerosol extinc-
assumed to be 1.Z0rpin and Lim 2001], 1.25 Horvath, tion was also calculated using volume-averaged refractive
1993], and 2.5 g/ch[Volz 1973], respectively. Once theindices to estimate the uncertainties introduced by the
densities of the aqueous phase and each component witlierage method.
the solid phase are determined, the calculation of aeroS%l . .
density can be carried out. .8. Optical Measurements and Calculation

[2] Through the calculation described above, data fronf2g] The 14-wavelength NASA AATS-14 was deployed
the DMA and APS were used to determine the correspor@d the Twin Otter. The AATS-14 continuously measured
ing size distributions under ambient conditions. The agrdBe optical depth of the column of air between the
ment between ambient distributions derived from DMA ar@ircraft and the top of atmosphere. By subtracting from
APS measurements usually fell within 20% in the size rantjés value the optical depth due to Rayleigh scattering of
within which the two instruments overlap. Figure 4 shows &&s molecules and absorption by, NG,, HyO, and
example of ambient size distributions derived from DM&2—0. [see Schmid et a] 2002], the aerosol optical
and APS measurements at 450 m during Research Fligh@€pth (AOD) throughout the column of air between the
from UTC 0138 to 0209 on 27 April 2001. For the sizéltitude of the aircraft and the top of the atmosphere is
distribution in the overlap range of the DMA and APS, galculated. The derivative of AOD with respect to
simple average of the DMA and APS distributions was uséﬂltt!:USG gives the aerosol extinction at different

altitudes,

2.7. Effective Particle Refractive Index

[27] Given the chemical composition of an internally
mixed particle, the optical properties are often calculated ot Z d z 8
through the effective refractive index approach, assuming dz
an equivalent homogeneous sphere with an effective, or
average, refractiv