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Abstract. In situ measurements of atmospheric aerosols have been made from an
airborne platform over the remote southern hemisphere ocean in November and
December 1995 as part of the First Aerosol Characterization Experiment (ACE 1).
A subset of these measurements have been evaluated during three of the flights to
characterize the aerosol microphysical and optical properties in the cloud-free,
marine boundary. The relationship between the microphysical and optical
characteristics in the size range from 0.3 to 20 um and relative humidity was
evaluated. A new technique is introduced by which the scattering coefficient is
derived directly from the optical particle counter measurements. The results of this
study indicate that changes in particle volume, effective radius, and optical
scattering are strongly related to changes in relative humidity (RH). The
observations are in very good agreement with laboratory studies of particle

volume changes as a function of relative humidity.

1. Introduction

Atmospheric aerosols have 2 role in the direct and indirect
forcing of the Earth’s radiative balance as well as on
photochemical and heterogeneous chemical reactions. The
importance of aerosols depends on the specific microphysical
and optical properties of these particles. Many factors affect
how aerosols form, grow, and interact with the environment.
One of the most significant factors is the relative humidity
(RED) of the air that determines if aerosol particles will grow or
shrink, depending upon the particle composition and
magnitude of the RH [Harnel, 1976]. Laboratory studies, such
as the large volume of work by Tang [1980, 1996, 1957} and
Tang and Munkelwitz 1991, 1993, 1994] have made
valuable contributions to our understanding of how aerosols
behave in a controlled environment. Observational studies in
the patural environment that can be compared with these
laboratory studies are limited. Some measurements have been
made from ground-based Instrumentation in urban and
continental regions [e.g., Covert et al, 1980; Rood et al.,
1987]. Airbome measurements have been made that provide
further insight into aerosol hygroscopic growth factors [Hegg
et al., 1996] that can be compared with the laboratory studies.
One technique is to completely dry the aerosol and then
subject it to a carefully controlled environment of constant
RH to observe how the aerosol properties change as the RH is
changed. The properties measured are usually the particle size
or scattering coefficient. This technique has the advantage of
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minimizing the effects of too many extraneous variables from
complicating the analysis. The limitation is that the sample of
aerosol must be removed from its natural environment to be
studied. This raises the possibility of particle losses on inlet
walls [Baumgardner et al., 1991]. There is also some
difficulty when taking light scattering measurements made of
dry aerosols measured at different RHs and applying these
observations to the natural atmosphere. The process of
reporting vertical profiles of light scattering coefficients from
nephelometer measurements of dry aerosols requires the use of
a growth factor that depends upon the assumed particle
composition and vertical profiles of the RH. The atmosphere,
however, is turbulent, and the RH, particularly in the
boundary layer, is a quantity that varies depending upon
surface fluxes and entrainment [Moeng and Wymgaard, 1984].
Thus it is important to understand how aerosol properties
fluctuate in the natural atmosphere and to determine if these
fluctuations are linked to RH variations. The remainder of this
paper describes an analysis of the fluctuations of aerosol
number and volume concentrations and subsequent changes in
the effective radius and scattering coefficient and how these
variations are linked to variations in RH.

2. Instrumentation and Analysis Methodology
2.1. Measurement Systems

The C-130 aircraft, owned by the National Science
Foundation, and operated by the National Center for
Atmospheric Research (NCAR), was instrumented with a
large array of sensors for measuring temperature, pressure,
humidity, solar radiation, trace gases, and aerosol and cloud
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particles. Some of the particle sensors were mounted on the
wing pods and wing tips of the aircraft, while others were in
the aircraft cabin, and sampled air was brought in through
inlets. The majority of particle measurements discussed in this
paper were made with the Forward Scattering Spectrometer
Probe Model 300 (FSSP-300, Particle Measuring Systems,
Inc., Boulder, Colorado) that was mounted on the right wing
pod of the C-130.

The FSSP-300, whose operating principles and
measurement limitations are described in detail by

Baumgardner et al [1992], detects light that is scattered by
individual particles into the forward direction between the
angles of 4° to 12° as they pass isokinetically through a
0.6328 um wavelength focused laser beam. The size of a
particle is derived from the measurements using Mie
scattering theory, where the particle shape is assumed
spherical and the refractive index must be specified. The
nominal size range that can be measured is 0.3 to 20 um
diameter. This size range varies, however, dependent upon the
assumed refractive index. The sample area of the FSSP-300 is
0.05 mm2 so that a sample volume of approximately 5 cm3 **
will be sampled at the typical research airspeed of 100 ms-1.
The sizing uncertainty is a function of electronic roll-off, laser
bearn inhomogeneities, electronic noise, and calibration errors.
When the refractive index is known, the calibration of the
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Table 1. Measured and Derived Parameters

Measurement Accuracy, %
Temperature (Rosemount) £1 [#0.1}
Pressure (Rosemount) +05 [#0.01}
Water Vapor (Lyman Alpha) +2 [+0.05]
Relative humidity (derived) +2 [#0.05]
Number concentration (FSSP-300) +15 [£5]
Volume concentration (derived) +38 [£10]
Effective radius (derived) +30 {+10}
Scattering coefficient (derived) +30 [£10]

mstrument can be determined accurately, and the maximum
estimated uncertainty in derived size is approximately 20%
[Baumgardner et al., 1992]. If the refractive index is not
known, however, this uncertainty increases, and the
magnitude of the resultant error is dependent upon particle
size. The uncertainty in number concentration is estimated as
approximately 15% [Baumgardner et al., 1992], and is
mainly due to uncertainties in the sample volume. The
sensitivity of the analysis in this paper to these errors is
explored in a later section.

The relative humidity reported in this analysis is calculated
from the water vapor mixing ratic measured with a Lyman-
Alpha hygrometer, and temperature and pressure measured
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Figure 1. (a) Particle volume and (b) effective radius are calculated from the FSSP-300 measurements and
shown for a small time segment during flight 24 to illustrate how volume calculations can change depending
on the assumed refractive index of the particles (1.33, 1.40, and 1.58).
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Figure 2. The scattering coefficient calculated from Mie scattering theory, assuming a wavelength of 0.6328
um, and spherical particle is calculated for a range of particle diameters from 0.3 um to 5.3 um and for to
values of refractive mdex [+= 1.36, * = 1.42]. These values are plotted with respect to the cross section of the
same-sized particles calculated with Mie theory for the scattering angles of the FSSP-300 [4%-12°.

with Rosemount (Rosemount ZEngineering, St Paul,
Minnesota) sensors. The Lyman-Alpha measurements are
being used because this instrument responds much more
quickly to moisture fluctuations than chilled mirror dew point
devices. The Lyman Alpha, however, has been base-lined
against the chilled mirror measurements to eliminate
electronic drifts. The estumated accuracies of the water vapor,
temperature, and pressure measurements are +2, %1, and
+.05%, respectively. Propagation of errors leads to an estimate
in determining RH of $2%. The measurements evaluated in
this paper and associated uncertainties are listed in Table 1.
The numbers in brackets are relative accuracies since we are
more concerned in our analysis with changes in quantities
rather than their absolute magnitude.

2.2 Aerosol Properties

The microphysical properties evaluated in this paper are
particle number N and volume concentrations V, expressed in
em® and um® om®, respectively. The microphysical data will
be presented as average integral values of number and
volume. The integral parameters are calculated from the
FSSP-300 measurements by integrating over the 31 size
channels, N = Tn; V = z5nd>/6, where N and V. are the

number and volume concentrations, respectively. The number
concentration and diameter of each size category, 1, are given
by m; and &, respectively. The diameter that corresponds to
each size interval is determined from Mie scattering theory
with an assumed refractive index of 1.40. This refractive index
was selected as an average based upon the assumption that
the majority of the particles were either sulfuric acid or some
other type of sulfate particle that is at least partially
deliquesced. The impact of the uncertainties discussed in the
previous section, with respect to refractive index, are
illustrated by Figure la. The volume plotted in this sample of
flight data has been calculated using size thresholds on the
FSSP-300 assuming refractive indices of 1.33 (water), 1.40
(deliquesced sulfate), and 1.58 (polystyrene latex calibration
particles). The effect of increasing the refractive index is to
increase the caleulated volume. The magnitude of the
differences is highly sensitive to the particle size. It can be
seen when comparing Figure 1b, the effective radius, with the
volume differences in Figure la, that these differences are
largest when the effective radius is largest. A refractive index
of 1.40 was selected for the remainder of the assuming a
particle composition as some type of deliquesced sulfate
particle at an average RH of 70%. On the basis of laboratory
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studies refractive index versus RH [Tang, 1L and H.
Munkelwitz, 1994], a value of 1.40 seemed the best
compromise since we have no direct measure of the refractive
index.. This assumption could lead to absolute errors of
greater than 50%; however, the analysis of this paper depends
upon changes in volume rather than absolute values. The
uncertainty in defermining relative changes is estimated at
iess than 20%

The optical properties that were evaluated from the FSSP-
300 are o, and 1., where o, isa surrogate of the scattering
coefficient at 2 wavelength of 0.6328 um and r, is the effective
radius. The effective radius is defined as the ratio of the third
to the second moment of the number concentration size
distribution. In order to understand what is meant by
“surrogate” a brief digression is in order to describe what
quantity is measured by the FSSP-300.

Optical particle counters (OPCs) do not measure the actual
size of a particle. They measure the amount of light scattered
into some solid angle collected by the optics. This can be
interpreted as being a measure of some fraction of 2 single
particle’s scattering coefficient that is described through Mie
theory as o = 7 Qs(h.m, ), where 1 1s the particle radius
and Q; is the particie’s scattering cross section at wavelength
» and refractive index 7m. The scattering cross section is
calculated by integration of the Mie scattering function over
360°. The scattered light I, collected by the OPCs, is equal to
Lxr* Q. (W, 1), where Q" is the scattering cross section of the
particle over the angles of scattered light collected by the
OPC, and L is the intensity of laser light illuminating the
particle. The calibration of the OPCs with particles of known
diameter and refractive index provides the necessary scaling
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Figure 3. This time segment during flight 24 illustrates a
comparison between scattering coefficient derived from the
FSSP-300 using the power law relationship shown in Figure 2
and scattering coefficient measured directly with a TSI three-
wavelength nephelometer. The scattering coefficient from the
nephelometer is for the red wavelength.
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Figure 4. For the same time segment as Figure 3 during
flight 24 the effective radius derived from the FSSP-300 size
distributions is plotted along with the ratio of nephelometer
and FSSP-300 scattering coefficients. The horizontal line at
1.0 represents perfect agreement between the two scattering
measurements.

factor that relates I to I, and what is actually measured is the
ratio I/l Thus, we see that OPCs measure a fraction of the
scattering coefficient of individual particles. By definition, an
OPC can be considered as a single-particle nephelometer,
This is an attractive feature since it requires no assumption
about particle refractive index or size to obtain 2 measure of
what the particle’s impact might be on direct radiative forcing.
The remaining question is to quantify the relationship between
the surrogate and total scattering cross sections.

Figure 2 shows scatterplots of the theoretical coefficient of
scattering as a function of the surrogate scattering coefficient
for five refractive indices in the range that would be expected
in the marine boundary layer [1.35-1.55] and for the FSSP-
300 scattering angles of 4° to 12°. This analysis shows that
the total scattering coefficient is well comrelated -with the
scattering cross section of particles with very small
dependency upon refractive index. The scattering coefficients
represent particles from 0.3 to 20 um. The relationship
between the total scattering and scattering cross section,
however, can be represented quite well with a simple power
law equation.

As seen in Figure 2, differences in refractive index have
little effect on the relationship between the total and surrogate
scattering efficiencies. This is an important point since it
eliminates one of the largest sources of error in deriving
optical scattering from OPCs. The error in determining
particle size from the FSSP-300 is approximately 20%
[Baumgardner et al., 1992] and can be even larger depending
upon uncertainties in particle refractive index and shape. The
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total scattering coefficient for an ensemble of particles is
= , 25 41
os = ZQ(, n, Dr’dny/dr,

thus uncertainties in particle size propagate by factors of 3
(including the uncertainty in cross section that is dependent
upon the radius uncertainty), leading to scattering coefficient
uncertainties in excess of 60%. This does not take number
concentration uncertainties into account that add an
uncertainty of 15%. The uncertzinty in volume shown in
Figure la reflects the differences in total scattering coefficient
that would be expected as a result of refractive index
uncertainties.

The total scattering uncertainty is significantly decreased
when the scattering is derived directly from the measured
scattering intensities. This uncertainty is a result of errors in
measuring the light intensity and scaling to the total scattering
values using the relationship shown in Figure 2. The error in
the measurement of concentration, ny, contributes an
additional 15% uncertainty. The estimated uncertainty in
measured scattering intensity for the FSSP-300 is 15%
[Baumgardner et al., 1992], and the error of fit between the
surrogate and total scattering coefficient is 20%. Propagating
errors with root sum squared formulation provides an estimate
of the error in estimating total extinction by this technique of
approximately 30%.

The scattering coefficient at three wavelengths was also
measured with a Thermoe Systems Inc. nephelometer that
measures the scattering from an ensemble of particles at
wavelengths of 0.450, 0.550, and 0.700 um [Anderson et al.,
1996]. Aerosol particles were brought into the aircraft cabin
through an external inlet and dried before measurement with
the nephelometer. Figure 3 shows a small segment of data
where the total scattering coefficient from the nephelometer
and derived from the FSSP-300 are compared. Sometimes the
two measurements are in good agreement, while at other times
the FSSP-300-derived wvalues are 2-3 times larger in
magnitude. This seems to be systematic and is most likely a
result of scattering by larger particles. This is illustrated in
Figure 4 where the effective radius calculated from the FSSP-

Table 2. Environmental Properties
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300 is plotted along with the ratio of scattering measured with
the nephelometer and FSSP-300. When the effective radius is
larger, that is, greater than 0.5 um, the FSSP-300 scattering
coefficient is more than twice that measured with the
nephelometer. With decreasing effective radius, however, the
two scattering measurements become closer in agreement. The
scattering from larger particles is underestimated by the
nephelometer for three reasons. Some fraction of larger
particles are lost on the walls of the inlet system because of
inertial impaction [Baumgardner et al., 1991] and never reach
the nephelometer. The larger particles are hydrated in the
boundary layer when RH values are larger than about 60%,
and drying them in the aircraft will reduce their size, and
hence the measured scattering. Finally, the larger particles’
scattering is dominated by light scattered in the near forward
direction at angles not measured by the nephelometer
[dnderson et al, 1996}that is, less than 7°. These near
forward angles are the ones measured by the FSSP-300 and
hence it is ideally suited for measuring the scattering by these
larger particles. The periods in Figure 3 and 4 when the
nephelometer measures more than the FSSP are when the
effective radius is quite small and indicates that the scattering
is probably dominated by particles below the 0.3 pm size
threshold of the FSSP. This analysis indicates the need to
combine the nephelometer with FSSP-300 measurements for
more accurate evaluations of total light scattering.

3. Data Description and Analysis Methodology

The NCAR C-130 was stationed at Hobart, Tasmania,
from November 16 to December 16, 1995. During this time
period a number of flights were made to study the
characteristics of aerosols over the ocean to the west and south
of Tasmania. Flights 14, 17, and 24 were chosen for the
analysis of this paper. The dates of these three flights were
November 24, November 27, and December 7, 1995,
respectively. These particular flights were selected because of
the large number of flight tracks that were made at constant
altitude in the marine boundary layer and away from clouds.

Flight Date Times Altitude, Pressure, Temperature, Mixing Ratio, RH, % —
Leg m mbar °C g kg’

1 Nov24,1995  24:33-24:38 48 938 54102} 431[02) 709 [3.4]

2 Nov.24, 1995 25:53-26:10 83 1003 10.9{0.2} 4.8 03] 58.9 [3.5}

3 Nov24,1995  28:15-28:41 139 997 14.0 {0.3] 5.570.5] 54.6 [4.8]

4 Nov27,1995  24:40-24:57 383 968 12.1[0.8] 5.710.5) 624 [4.6]

5 Nov.27,1995 27:10-27:31 368 970 11410.7] 5304} 61.2{3.6]

6 Nov.27, 1993 28:50-29:10 408 965 10.2{0.5} 4.910.3] 60.2 (3.0}

7  Dec.7, 1995 21:34-22:04 36 1009 108 0.1} 6.0 0.1} 73.8[1.9]

8 Dec.7, 1995 22:05-22:37 150 985 9.7{ 0.1} 5.7{0.1} 754 {19}

9  Dec.7, 1995 22:40-23:11 318 976 8.3[0.1] 5.310.2} 752 {3.5}

10 Dec.7, 1995 23:13-23:43 468 958 7.3[0.1} 5.0{0.2} 74.2 (3.9}

11 Dec.7, 1995 23:46-24:16 91s 908 5.310.2} 33102} 534 [3.7}

12 Dec.7, 1995 24:40-25:1 29 1010 11.2[0.2] 5910.1} 71.0{2.0}

13 Dec.7, 1995 25:12-25:44 135 597 10.116.1} 5.810.1] 752 (1.9}

14 Dec7, 1993 25:47-26:16 900 910 5.6{0.2} 33{0.2] 527127}

15 Dec.7, 1995 26:36-27:08 28 1010 11.4{0.2} 5.9{0.1] 70.0 {1.3]

16 Dec.7, 1995 27:11-27:41 140 997 10.3{0.17 55100.1] 74.5 [1.5}
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Table 3. Aerosol Properties
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Flight Concentration, cm™ Volume, pm’ em™  Effective Radius, Seattering Coefficient,
Leg pm m” x107
1 68 [12] 1.0 (0. 0.42 [0.10]
2 4817 1.0 [0, 031[0.08]
3 19 [5] ] 0.8 [0. 0.11 {0.05]
4 69 [14] 0.5 1. 0.4210.11]
5 68[8] } 0.9 [0. 0.36 [0.09]
6 5107 ] 0.5 [0. 0.3270.07)
7 28 16] 3 0.8 [0, 0.20 {0.002]
8 33 (9] i 0.8 {0. 0.21 {0.06}
9 36 (18] ] 0710, 0.20 [0.06]
10 32(17) 3 0.7 0. 0.16 [0.05]
11 14 121 ] 0.4 {0. 0.02 {0.02]
12 29 [6] 07 {0, 0.19 {0.05
13 30 {4) ] 0.810. 0.20 [0.05}
14 8 (4] ] 0.4 0. 0.02{0.02]
15 26 74] 0.710. 0.17{0.04]

A number of soundings were made during each of the flights,
and the top of the mixed layer, as observed from analysis of
the pctential temperature profiles, was generally about 1000
m. This varied by as much as 200 m, depending upon the
time of day and on larger-scale conditions. The resuits of thi
study are constrained to measurements made below 1000 m.

The intent of the present analysis is to evaluate fluctuations
in aerosol along the flight track. Time periods were selected
when the aircraft was at a constant altitude, and these periods
were divided into 50 s segments (6.5 km at the average
research speed of 130 ms™). Average values of the RH and
particle properties were calculated for each of these 50 s
segments. The differences between instantaneous and average
values of the particle properties were calculated and averaged
with respect to differences in RH instantaneous values from
its average. The 6.5 km averaging segment was selected to
match the Lagrangian length scale approximated by finding
when the autocorrelation function of the particle properties
was ciose to zero. This varied somewhat but was usually of
order 50 s.

Sixteen straight and level flight legs were analyzed. Table 2
lists the times, aititudes, and average pressures, temperatures,
water vapor mixing retios, and Ris during each leg. Also
given are variances, given in brackets, about the mean for
these parameters. Table 3 is a similar list of means and
standard deviations for the aerosol properties..

4. Results

Tables 2 and 3 show thet the flight legs encountered
average temperatures, pressures, mixing ratios, and Rils
ranging from 5%-14°, 908-1010 mbar, 3.3-6.00 g kg, and
53-75% , respectively, over an aititude range from 30—900 m.
The N, V, r,, and o, ranged from 8-69 em”, 149 um® om™,
0.4-1.0 pm, and 0.02x10%0.4x10* m™. The range in
magnitude of aeroscl properties appears to be quite a bit larger
than the range in environmental values. This is reflected in the
variances that are also listed in the tables. Temperature,

ixing ratio, and RH fluctuations are of the order of 1, 5, and
5%, respectively, of their average. On the other hand, N, V, 1,
and o, are approximately 25, 100, 60, and 30% of their
respective averages. A comparison of the RH ¢ values and
particle property ¢ values seems to show a rough positive
correlation. This can be seen more clearly in Figure 5 where
the aerosol property variances are plotted versus RH . Particle
velume fluctuations increase most significantly with increased
RH fiuctuations, while r.and o, show a similar trend, but to a2
lesser degree than the volumes. The fluctuations in aerosol
concentration appear to be uncorrelated with ¢ variances of
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Figure 5. The variances over the 16 time segments tabulated
in Tables 2 and 3 were normalized by average value over the
time segment for N, V, r,, and o; and are shown here plotted
as a function of the normalized ¢ of REL
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Figure 6. This 60-s segment taken from flight 24 [December 7, 1995] illustrates the fluctuations that occur in
@ RHE, ®N, ©V, (@ 1., and (e) o, . The peak to peak changes in RH, V,, r. , and o, represent =1, 70,

40, and +80 of their mean values, respectively.

The correlation between RH and changes in aerosol volume
is not unexpected and, as mentioned previously, has been
studied in previous laboratory and field experiments. This
relationship can be more clearly seen in Figure 6 where a 60-s
segment of data from Flight 24 is shown. Each point
represents a single, 1-s sample. The peaks and troughs of the
RH plot (Figure 6a) are reflected by similar trends in N, V, r,
and o, It is unlikely that the fluctuations in these aerosol
properties are a result of statistical sampling uncertainties for
two reasons. First, the similarity in trends between RH and
aerosol properties seerns 00 strong to be fortuitous. Second,
the average concentration in this time segment was
approximately 70 em™. The FSSP-300 samples a volume of
air equal to 6.5 em’® in one second at 130 ms™. This means
that approximately 455 particles were sampled during this

time period. The statistical sampling erroris * 21 pasticles, or
about 5%. The fluctuations observed exceed this uncertainty
by a significant amount. We recognize that the 5% sampling
uncertainty is only true of the total concentration and not for
the concentration of each particle size. Larger particles will
have lower concentrations with subsequently larger sampling
uncertainties. These larger particles will also bias the volume,
effective radius and scattering values derived from the FSSP.
1t is unlikely, however, that the sampling uncertainties are the
primary cause for the = 100% fluctuations in V seen in Figure
6¢, and similar fluctuations in 1, and o,

The relationship between aerosol properties and RH
fluctuations was further quantified by binning the aerosol
deviations as a function of RH differences. The RH categories
were 0, +2, +4, +6, and +8% differences between the RH at
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Figure 7. The 16 flight segments tabulated in Tables 2 and 3 were analyzed in 6.5 km segments by
subtracting the instantaneous values (@) N, (o) V, (¢) 1., and (3) o, from their respective average values during
the same length segment. Plotted here are these differences versus differences mn RH. The 60% (solid lines)
and 70% (dashed) values represent the average value of RH along a flight track.

each sample point from the average along 2 6.5 km segment.
The differences between instantaneous N, V, 1., and o, from
their averages over a flight segment were computed and
averaged in the appropriate RH category. An additional
stratification was done in the analysis: the data points were
selected according to the average RH value along the flight
segment analyzed. Figure 7 shows how the average changes
in the aerosol properties relate to changes in RH for two
different average values of RH, 60 and 70%. Changes in the
four properties of the aerosol are positively correlated with
changes in RH for both 60 and 70% RH levels. The positive
fluctuations are larger for the 70% average RH than for the
60% RH, but the difference between 60 and 70% average RH
on negative fluctuations is negligible. This agrees very well
with expectations as will be discussed in the next section.

5. Discussion

The strong sensitivity of aerosol properties to relative
humidity is expected. This study, however, can shed further
light on this dependency through comparisons of the response
predicted from laboratory and theoretical studies with that
observed in the natural environment. The changes with
humidity of V, and hence 1. and o, reflect the trend predicted
from laboratory studies[e.g., Tang, 1997]. For example, from
his Figure 1, the changes in particle volume at 65, 70, and
75% RH are factors of 1.8, 2.0, and 2.2 for Na,SO; particles,
and factors of 3.0, 3.3, and 3.8 for NaCl. The factors here are
expressed as the ratio of the volume of a dry particle to its
volume at a particular RH value. If a particle has grown to
some volume Vi at an RH of 70%, then a change in its
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Figure 8. The volume relationship with RH shown in 7b is
compared with predicted V differences from lab studies of
changes in V with changes in RH [Tang, 1997] from the 70%
average RH value.

volume to Vs at an RH of 65% represents a fractional change
in volume of -10% for Nap,SO; and -9% for NaCl. Figure 8
shows comparisons between the ACE observations and the
volume changes that would be predicted from the lavoratory
measurements of Tang [1997] for assumed compositions of
NaCl and Na,S0O, If the offset in the observations at an R
change of zero is taken into account, the agreement between
laboratory measurements and observations is excellent in the
range of RH changes of £2%. As RH changes by a larger
amount, the observations show wider deviations than
predicted by the measurements. From Table 1, the expected
uncertainty in determining changes in RH and V are 0.05 and
10%, respectively. The differences between field observations
and laboratory measurements are outside of this uncertainty.
This may indicate that the particle composition may be
something other than NaCl or Na2,30, There is, however, a
more likely explanation that can be understood by observing
how N changes with changes in RH in Figure 7a. There is no
physical reason that new particles larger than 0.3 pm (the
lower threshold of the FSSP-300) should appear or disappear
as humidity increases or decreases. The explanation is that
particles below the size threshold of the FSSP-300 grow with
increasing R until they can be detected by the CPC. This
biases the measurements by introducing new particles rather
than just increasing the volume of already present aerosols.
The newer particles will also bias 1, to smalier sizes and will
suppress changes with R¥. This is clearly seen in Figure 7c
where r. 1S increasing as RH increases but decreases when N
is seen to sharply increase. Thus almost 20% of the increases
in volume are due to newly detected particles as registered by
the 20% increase in N. When this 20% is subtracted from the
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volume increases, it brings the changes in V to within 10% of
the laboratory predictions.

The results from this study have practical applications
when investigating the behavior of aerosols in the atmosphere
and their subsequent impact on other atmospheric processes.
The heat, moisture, and momentum of the environment must
be evaluated as dynamically changing variables that depend
upon turbulent diffusion and entramnment to transport them
through the boundary layer. Aerosols are transported by these
same mechanisms and must be evaluated with similar
techniques. The analysis of the current study shows that
variances in the microphysical and optical properties of
aerosols are closely correlated with variances in the relative
humidity. This implies that turbulent diffusion models that
diagnose and prognosticate the transport of heat, moisture,
and momentum can also be used to predict how aerosol
characteristics wiil behave under varying meteoroiogical
conditions. This is demonstrated in Figure 9 where the
variances in RH, V, r,, and o, have been nondimensionalized
[Moeng and Wyngaard, 1984] with the scaling variable
<ew>%/wa and plotted as 2 function of altitude scaled with the
height of the planetary boundary layer, in this case assumed t©
be 1000 m. The brackets dencte the average over the
covariance in fluctuations of some variable ¢ and vertical
velocity w. The variable w. is the convective velocity scale
that is taken to be approximately unity in this case. The
behavior of the four variables in Figure 9 demonstrate that the
aerosol variances are indeed integrally linked to variances in
RH that occur as a function of altitude.
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Figure 9. The variances computed along each of the flight
tracks tabulated in Tables 2 and 3 for RH, V, r,, and o, are
normalized and shown as a function of altitude to illustrate
the coupling between variances in RH and aerosol properties.
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6. Summary

In situ observations of the concentration, volume, effective
radius, and scattering coefficients of aerosols in the marine
boundary layer over the remote southern hemisphere ocean
have been analyzed to quantify the relationship between these
aerosol properties and changes in relative humidity. A new
analysis technique was introduced by which an OPC is used
directly as a single-particle nephelometer to derive scattering
coefficients a factor of 2 more accurate than the former method
of obtaining this coefficient. Comparisons of the OPC-derived
scattering coefficient with a commercial nephelometer that
measured aerosols sampled with an inlet indicate that
scattering coefficients can be significantly underestimated if
particles are large or have a significant amount of water on
them.

The evaluation of aerosol properties on scales of 130 m
show that the volume, effective radius, and scattering
coefficients have fluctuations that exceed their mean by 50%
or more. These fluctuations are highly correlated with
fluctuations in relative humidity. The observations of particle
volume changes with RH changes agree very well with
predictions based on laboratory studies.

This study has demonstrated that the variances of aerosol
microphysical and optical properties can be quantified and
linked to variances in RH. The implication is that climate
models can take these results and parameterize them with
similar techniques used to predict variances in moisture, heat,
and momentum. Such parameterizations will allow a more
accurate representation of aerosol properties in these models
and 2 subsequent improvement in predicting how they impact
the radiative properties of the atmosphere.
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