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Abstract

Aircraft-based measurements of cloud condensation nuclei (CCN), accumulation
mode and Aitken mode number concentrations, cloud drop number concentration
(CDNC), and selected ancillary measurements are presented for the three large, semi-
permanent marine stratocumulus decks of the earth (in the Pacific offshore of Califor-5

nia and Chile and in the Atlantic offshore of Namibia). Based on these data, a simple
linear relationship between CDNC and the accumulation mode number concentration
(AMNC) is derived via regression. The R2 value for this regression is 0.90, higher than
those found for CDNC-CCN linear regressions. Explanations of the relatively favorable
CDNC-AMNC relationship and its utility for climate studies are discussed.10

1 Introduction

A key linkage in the concatenation of physical relationships that constitute the indirect
radiative forcing of climate by aerosols is the dependence of cloud drop number con-
centration (CDNC) on the properties of the aerosol on which the drops form (IPCC,
2001, 2007). Hence, much effort has been expended on delineating the aerosol prop-15

erties that render the particles effective as cloud condensation nuclei (CCN). Of course,
the CCN activity of aerosols has been directly measured for many years (e.g., Hudson,
1983; Roberts et al., 2006) but even now such measurements are relatively sparse
and lack the global coverage necessary to effectively address global climate issues
(Bellouin et al., 2009). Furthermore, CCN activity in itself does not offer information20

on the sources of the aerosol, for example whether natural or anthropogenic, which is
a key question for climate change analysis. It is for this reason that numerous studies,
commonly called CCN closure studies, have tried to link CCN activity to such aerosol
properties as size and composition (e.g., Juranyi et al., 2010; Dusek et al., 2010). Per-
haps still more importantly, even if the CCN activation spectrum of the aerosol is fully25

defined, there is not, in principle, sufficient information in this alone to predict CDNC.

28664

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/11/28663/2011/acpd-11-28663-2011-print.pdf
http://www.atmos-chem-phys-discuss.net/11/28663/2011/acpd-11-28663-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
11, 28663–28687, 2011

CDNC and aerosol
number relationship

D. A. Hegg et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Accompanying information on the supersaturations to which the aerosol will be ex-
posed is equally necessary and this is a complex function of cloud dynamics and the
CCN activity itself (Twomey, 1959; Pringle et al., 2009; Hudson et al., 2010). Indeed,
even within climate models the supersaturation is rarely if ever carried as a prognostic
variable (Pringle et al., 2009).5

In consideration of these issues, particularly the need for large scale coverage with
its implied mandate for remote retrieval of aerosol properties that can predict CDNC,
numerous studies have explored possible simplifications to the aerosol-CDNC rela-
tionship, for example using such parameters as size dependent hygroscopicity (e.g.,
Petters and Kreidenweiss, 2008; Henning et al., 2010). A particularly simplified rela-10

tionship has been suggested by the study of Dusek et al. (2006). Based on extensive
measurements in Germany, the authors propose that particle size alone can explain
most of the variance in CCN concentrations (∼ 90 %). Such a simplification would be
a boon to climate change studies, offering some justification for the empirical relation-
ships used in many global models. However, Hudson (2007) has pointed out that such15

a simple CCN activity – aerosol relationship cannot be valid for all venues, giving as
a counter example a marine data set, and Pringle et al. (2009) have estimated that
substantial errors would result from the use of any single such relationship if applied
globally.

Nevertheless, the value of such a simplified relationship as that proposed by Dusek20

et al., with its implied simple relationship between aerosols and CDNC, is tantalizing,
not only from the standpoint of model usage but from that of remote sensing. Such
parameters as, for example, the accumulation mode number concentration, are read-
ily available from existing remote retrieval algorithms such as that for MODIS (Remer
et al., 2005) and have a substantial validation history. In contrast, algorithms to retrieve25

CCN activity, while available, have been little used and then with very modest success
(e.g., Gasso and Hegg, 2003). Indeed, a recent assessment by Kapustin et al. (2006)
suggests that effective remote retrieval of CCN activity will be very challenging. It there-
fore seems worthwhile to pursue a simple empirical CDNC-aerosol relationship, such
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as that implied by the Dusek et al. study, a bit further. In this study, we examine data
on cloud microphysics and aerosol properties for selected venues of most importance
to indirect aerosol forcing of climate, seeking such a relationship.

2 Venues

To avoid the problem of trying to fit a single simple CDNC-aerosol relationship to widely5

diverse environments, as discussed by Pringle et al. (2009), the possibility of select-
ing a particular cloud regime that would be highly significant from the standpoint of
global indirect aerosol radiative forcing should be explored. Fortunately, such a regime
comes readily to mind. It is now widely accepted that anthropogenic aerosols can
have a significant impact on the albedo of the extensive subtropical marine stratocu-10

mulus decks that occur off the west coasts of Africa, and South and North America
(e.g., Platnick and Twomey, 1994; Durkee et al., 2000; Huneuus et al., 2006; Keil and
Haywood, 2003; Allen et al., 2011). These decks are a major factor in the radiative
balance of the atmosphere (Klein and Hartmann, 1993) and, due to a combination of
cloud extent, frequency, and the cloud-type dependent sensitivity of cloud albedo to15

aerosol modulation, the climatic impact of aerosols on cloud microphysics (the indirect
effect) is largely determined by these decks (Warren et al., 1988; Platnick and Twomey,
1994; Allen et al., 2011). Hence, quantifying the CDNC-aerosol relationship in simple
terms for these stratocumulus decks alone would have great benefit for understanding
indirect aerosol radiative forcing globally.20

The data examined here are derived primarily from the multi-year CARMA exper-
iments, conducted off the California coast of North America from 2004 to 2007 (cf.,
Hegg et al., 2007) and the VOCALS-Rex study conducted off the Chilean coast of
South America in 2008 (cf., Allen et al., 2011). Additionally, a small amount of data from
the stratocumulus deck off the Namibian coast of Africa has been distilled from both the25

literature (e.g., Keil and Haywood, 2003) and from a data archive of the SAFARI 2000
study (University of Washington CARG archive at http://carg.atmos.washington.edu).
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3 Methodology

All of the in situ data for the CARMA and VOCALS studies was obtained with the
CIRPAS Twin Otter research aircraft. Most of the instrumentation package available
on this aircraft has been described in a number of previous publications (e.g., Hegg
et al., 2007; Wang et al., 2002, 2007). The key instruments for this study, used to5

measure aerosol concentrations in the 0.1 to 3.0 µm size range and cloud drop number
concentrations, respectively, were the PCASP-100 (PMS/DMT, Boulder, CO) aerosol
spectrometer, and either the PMS/DMT FSSP-100 spectrometer (CARMA) or the DMT
CAPS probe (VOCALS). Additionally, two different CCN spectrometers were used to
obtain CCN activation spectra. For the CARMA study, both the DMT model CCN-10010

CCN spectrometer and the University of Wyoming model MA-100 static diffusion cham-
ber were utilized. For VOCALS, only the former instrument was used. All instruments
were calibrated against (NH4)2SO4 and NaCl test aerosols generated by a TSI model
3076 Collison atomizer (TSI, St. Paul, MN) and size classified by a differential mobility
analyzer (TSI model 3071). The laser scattering probes were also calibrated against15

silica and PSL spheres from Duke Scientific. Finally, Aitken particle concentrations
were determined as the difference between total particle concentrations as measured
by a condensation particle counter with a lower size limit of 0.01 µm diameter (TSI
model 3010 CPC) and the PCASP number concentration. Hence, the size range cov-
ered is 0.01 to 0.1 µm.20

The sampling plan for the data presented here consisted of obtaining vertical profiles
of the various parameters just discussed from well above the cloud deck to well below it,
typically to ∼30 m MSL. At least one and commonly several such profiles were obtained
on each research flight. An example of such a profile is shown in Fig. 1. The aerosol
measurements to which the overlying CDNC are compared were those obtained just25

below cloud base to provide the closest possible juxtaposition of aerosol and CDNC.
Numerous studies in the stratocumulus regions have demonstrated that the CDNC is
almost exclusively connected to the below cloud and not the above cloud aerosol (cf.,
Hudson et al., 2010; Keil and Haywood, 2003; Martin et al., 1994).
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4 Results and discussion

Data from the vertical profiles used in the analysis are shown in Table 1. Note that the
CDNC values used are the peak values measured in the profile. This choice has been
made as the most sensitive to below cloud aerosol properties (e.g., not distorted due
to mixing). However, the profile data were also averaged over 5 s to reduce spikes due5

to noise so the peak value is representative.
The first CDNC-aerosol relationship examined is the dependence of the CDNC on

the CCN number concentration. A linear regression of the CCN concentration active at
a supersaturation of 0.3 % is shown in Fig. 2. The supersaturation value of 0.3 % was
selected as most characteristic of the stratocumulus examined here based on numer-10

ous past assessments (e.g., Hudson, 1983; Roberts et al., 2006; Hegg et al., 2009).
Recent work by Hudson et al. (2010) has suggested that appreciably higher supersat-
urations can occur when aerosol concentrations are low but for the accumulation mode
aerosol concentration range for our data set (180 to 675 cm−3, mean of 361 cm−3),
0.3 % is still the most appropriate value to use. The correlation shown in the Figure15

(R2 = 0.33), while certainly highly significant, is not particularly good, suggesting that
in fact most of the variance in CDNC is not explained by the variance in CCN (0.3 %).
Regressions of CDNC onto CCN active at other supersaturations (0.2 to 1.0 %) were
still less impressive. As discussed above, this is expected and likely simply reflects the
variability in supersaturations achieved in the cloud decks.20

As an alternative to selecting the CCN concentration at any particular supersatura-
tion, a regression is next examined of the CDNC onto the total accumulation mode
number concentration (AMNC). Numerous studies have pointed out that the AMNC
is often a useful surrogate for effective CCN (i.e., the number of CCN actually acti-
vated). For example, Martin et al. (1994) found it to be a useful indicator of CDNC25

for the region around and to the north of the Azores in the North Atlantic, a region of
mixed stratocumulus and cumulus clouds. It has been used extensively in modeling
studies (Pringle et al., 2009) and, indeed, has proven a useful surrogate for CCN in
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the venues selected here for analysis (e.g., Hegg et al., 2010). Figure 3 shows this
regression for data from all three stratocumulus venues (though for the Namibian deck
only a few points are available). The regression relationship is surprisingly strong, with
an R2 of 0.90, i.e., 90 % of the variance in the CDNC is explained by the AMNC. This
compares very favorably with regression relationships between CDNC and CCN at any5

supersaturation (e.g., Hudson et al., 2010), even those that try to take into account
variability in the cloud supersaturation (e.g., Hudson and Noble, 2009). To rationalize
this relatively strong dependence of CDNC on AMNC in comparison to ostensibly more
refined parameters such as CCN, we must consider cloud drop activation from a broad
perspective.10

Several years ago, Stevens and Feingold (2009) pointed out that understanding the
effects of aerosols on clouds and precipitation was a particularly difficult problem due
to the large number of negative feedbacks in the system. The authors label such
feedbacks buffers since they consist of processes within a system that act in the op-
posite sense of any perturbation in system input, thus attenuating the impact of such15

changed input, much like a chemical buffer in solution chemistry. Such buffers tend
to obscure functional dependencies. As a specific example, they pointed to the cloud
drop activation process in which a reduction in the pre-cloud aerosol size distribution or
composition would tend to reduce CCN activity and thus CDNC, subsequently leading
to locally higher supersaturations, and thus to the activation of smaller particles (e.g.,20

Aitken mode) than would otherwise be activated. This would reduce the variation in
CDNC compared to variance in the pre-cloud particle properties.

Looking more closely at this buffer, it is clear that several different particle-
supersaturation linkages are possible, depending on the number size distribution and
hygroscopicity of the aerosols present. This can be visualized most clearly by con-25

sidering the issue as first formulated by Twomey (1959). The supersaturation achieved
in-cloud is the difference between a source term for water vapor mixing ratio (essentially
either adiabatic cooling due to vertical velocity or radiative cooling) and a sink term that
is condensation onto activated particles. In these terms, the first and simplest linkage
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is when the particles present are sufficiently large and hygroscopic relative to, say, the
cloud updraft and consequent cooling rate that all of the aerosol particles activate ab
initio. Increases in the updraft will then have no impact on the CDNC. The activated
cloud drops will simply grow faster. A second scenario is that usually cited. If few
large aerosol, e.g., accumulation mode, are initially present to be activated and all of5

the particles have more or less the same hygroscopicity, then as supersaturation in-
creases because of the relatively small water vapor sink term, smaller particles (e.g.,
Aitken mode) are activated until the sink term grows sufficiently to halt increase in the
supersaturation. These additional smaller particles act as a buffer to compensate for
the relatively low number of larger particles present, i.e., the CDNC could be the same10

for both the first and second scenarios even though the size distributions are quite dif-
ferent between them. Finally, if the precursor aerosol particles even within, say, the
accumulation mode have sufficiently different composition and resulting hygroscopic-
ity, only the most hygroscopic may initially activate, the less hygroscopic particles only
activating as the cloud supersaturation builds to values equal to or greater than their15

critical supersaturation. This variable hygroscopicity thus leads to a reservoir of buffer
particles as in the second scenario except that in this case the buffer consists of less
hygroscopic accumulation mode particles rather than smaller (Aitken) particles.

For the data presented here, it is the third scenario that appears to be the most likely
explanation for the high R2 value for the CDNC-AMNC regression. First, it is noteworthy20

that the slope of the regression line is 0.72±0.04 (intercept of 47±13), i.e., on average
only 72 % of the AMNC are activated and there is thus a reservoir of unactivated AMNC
to act as a buffer for higher cloud supersaturations. Second, in the few cases (7) for
which the CDNC actually exceeded the AMNC, it was not by much, on average about
14 % of the AMNC even though plenty of Aitken particles were present. The excess25

CDNC also constitutes on average only 14 % of the Aitken particle concentration. In
agreement with this, a multiple linear regression of CDNC onto both AMNC and Aitken
particle concentration yields an R2 of 0.87, i.e., essentially unchanged from the value
for AMNC alone. The AMNC term coefficient or regression slope (0.68±0.04) and
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the intercept (67±17) do not differ significantly from the AMNC-only regression while
the Aitken term coefficient is −0.006±0.005, all suggesting a negligible impact by
the Aitken mode. Indeed, even if one restricts the regression to only those cases
with excess CDNC (i.e., CDNC>AMNC), a similar multiple regression yields an R2

of 0.77, AMNC term coefficient of 0.84±0.3, Aitken term coefficient of 0.036±0.0355

and intercept of 56±55. These values indicate that, even for cases in which activation
of Aitken particles must be invoked to explain CDNC, only ∼ 4 % of the CDNC form
on these particles. Taken together, the regression analyses suggest a negligible role
for Aitken particles and that the larger buffer leading to stability in the CDNC-AMNC
relationship is less-hygroscopic accumulation mode particles. Observations of other10

properties (e.g., hygroscopicity) of the accumulation mode in the stratocumulus venues
support this (to be discussed below).

It is commonly asserted that aged atmospheric aerosols, at least within specific size
ranges such as the accumulation mode, are internally mixed. However, what is meant
by this is that the individual particles are mixtures of chemical species, many from dif-15

ferent sources (e.g., Bi et al., 2011; Li and Shao, 2010), not that they are of uniform
composition. Certainly it has long been known that marine particle composition varies
significantly with size (Neususs et al., 2000) and the individual composition of even
similarly sized particles can vary substantially, which in turn leads to variance in their
hygroscopicity (Pratt and Prather, 2010). Indeed, numerous studies in marine air have20

demonstrated such variability with size (e.g., Hegg et al., 2008) and even for similarly
sized particles (e.g., Swietlicki et al., 2000). Figure 4 illustrates variability in hygroscop-
icity with size for aerosols in the CARMA operational area (Kaku et al., 2006). The
widely used kappa (κ) parameter of Petters and Kreidenweis (2007, 2008) is employed
to quantify the hygroscopicity. Note that the mean and quartile values of hygroscopic-25

ity tend to decrease with decreasing size, a relationship that extends well up into the
accumulation mode (Hegg et al., 2008). Given that the effective CCN concentration
is the sum of all particles activated above a threshold that is commonly at the lower
end of the accumulation mode, the observed hygroscopicity variation with size would
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of itself lead to substantial variability in κ and subsequent CCN activity, thus leading to
a substantial CCN buffer within the accumulation mode. However, other marine data
sets have additionally shown variability in the hygroscopicity of particles of precisely
the same size as well. An example of this is shown in Fig. 5.

The lower aerosol hygroscopicity at smaller sizes just discussed has important con-5

sequences. It likely is due to an enhanced organic presence at the smaller sizes (e.g.,
Neususs et al., 2000; Pratt and Prather, 2010) possibly due to the primary particle pro-
duction process in marine air (e.g., Oppo et al., 1999), secondary production processes
(e.g., Dusek et al., 2010) or offshore advection of pollution. In any case, it suggests
that Aitken particles in our venues will be less hygroscopic than those in the accumu-10

lation mode, requiring higher supersaturations to activate. This would in turn suggest
that less-hygroscopic accumulation mode particles would be a more likely buffer for
the CDNC-aerosol relationship than would Aitken particles. This relative favorability
is illustrated in Fig. 6, which presents the relationship between critical supersaturation
and dry particle diameter parameterized with κ. Consider a particle of 0.1 µm diameter15

with a κ value of 0.3. Such a particle will have a critical supersaturation of ∼ 0.2 %,
as shown in the figure. The κ value is a reasonable “middle-of-the-road” value (see
Fig. 4 and Hudson, 2007). Similarly, a κ value of 0.1 is also reasonable for less hy-
groscopic particles in the accumulation mode range. For a particle of size 0.1 µm with
a κ of 0.1, activation will occur at a supersaturation of 0.35 %, well within the range20

expected for marine stratocumulus decks (Hudson et al., 2010; Martin et al., 1994).
On the other hand, again as shown in Fig. 6, an Aitken mode particle of, say, 0.05 µm
diameter with the same κ of 0.1 would require a supersaturation of 1 % to activate, an
unusually high value for stratocumulus. It would require a κ value of 0.8 to activate
at 0.35 %, again as shown in the Figure. Such high κ values are rare for such small25

particles for our venues, as suggested by the data shown in Figs. 4 and 5. Hence, it is
more likely that lower hygroscopicity accumulation mode particles will act as the buffer
in the CDNC-aerosol relationship than will Aitken particles, in accord with the excellent
CDNC-AMNC relationship observed.
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While our analysis has been confined to the three main semi-permanent stratocu-
mulus decks of the earth, The results we present are in general accord with an earlier
study (Martin et al., 1994) based partly on data from one of these regions (that of the
California deck) but also from stratocumulus from several additional regions (i.e., the
mid-Atlantic based on data from the ASTEX experiment as well as from FATE – South5

Atlantic other than Namibia – and in the general region of the British Isles). These
authors do not present quantitative regression analysis for their comparisons of CDNC
with AMNC but in their Fig. 8, it is clear that the data for marine air masses would
have well fit a linear regression with a slope of ∼ 0.75 and a small positive intercept,
essentially the same result we see for our data.10

It is equally noteworthy that data that come from air masses that the authors charac-
terize as continental would not fit the same relationship and, indeed, show substantially
more variance than do the marine data. Nevertheless, they would likely achieve a good
linear fit to a different linear function, one with a significantly lower slope. This lower
slope may well be associated with drier, warmer continental air rather than with higher15

aerosol concentrations alone (cf., Brenguier et al., 2003). The latter hypothesis (lower
slope due to higher aerosol concentration alone) has been suggested by some earlier
studies in which a sub-linear relationship between CDMC and AMNC has been ad-
vocated due to assumed vapor depletion at higher AMNC (e.g., Chuang et al., 2000).
Certainly, all variables other than aerosol concentration being held constant, such a va-20

por depletion effect must eventually occur, leading to a “role off” in CDNC compared
to AMNC but the precise location will be a complex function of numerous variables
such as the temperature at the lifting condensation level, updraft velocity, the shape
and composition of the aerosol size spectrum, etc. For example, we note that Bowers
et al. (2000) found no evidence of a “role off” for aerosol concentrations until the con-25

centrations (which encompassed both clean marine and continental pollution cases)
exceeded 4000 cm−3. For our venues, that definitely encompassed continental pollu-
tion aerosols as well as clean marine cases (Hegg et al., 2010; Chand et al., 2010), we
see neither the “role off” suggested by some earlier studies nor the dichotomy evident
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in the Martin et al. data. On the other hand, some earlier work done in the California
stratocumulus region (Lu et al., 2007), while ambiguous, does suggest the possibility of
a non-linear relationship but the variable used for sub-cloud aerosol is essentially the
CN concentration rather than the AMNC and a lower slope than we see, particularly at
high CN concentration, is to be expected.5

For our venues, a favorable combination of MBL thermodynamics and dynamics
likely provides sufficient water vapor for the accumulation mode aerosol to avoid the
depletion phenomenon. However, a quantitative assessment of this issue is beyond
the scope of this study. We simply caution, once again, that our results are applicable
in principle only to our venues.10

5 Conclusions

The regression analysis presented here, based on data primarily from the stratocumu-
lus regions off the California and Chilean coasts but with limited additional data from
the stratocumulus region off Namibia, suggests that there is a simple linear relation-
ship between the peak cloud drop concentration in the stratocumulus decks and the15

corresponding concentration of accumulation mode particles just below cloud base.
The explanation for this relationship is likely the broad range of aerosol hygroscopic-
ity within the accumulation mode, due to the variety of aerosol sources impacting the
decks. This results in a buffer of less hygroscopic particles to stabilize the CDNC as per
the paradigm noted by Stevens and Feingold (2009). While it is likely that the validity of20

the derived regression relationship is limited to the regions from which it derives, those
regions are by far the most significant for the indirect forcing of climate by aerosols.
Hence, the relationship could be of considerable value in both modeling exercises and
remote sensing pertaining to the climate change issue.
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Table 1. Values of the variables used in the analysis derived from the vertical profiles through
the cloud decks in the three regions examined. Note that UW denotes data from the University
of Washington archive (see text) while RAF denotes data from Kiel and Haywood (2003).

Locale Flight CDNC AMNC Aitken CCN (0.3 %)

Chile 1016 500 600 – 214
Chile 1018 550 675 425 542
Chile 1019 475 550 225 546
Chile 1021 350 425 25 –
Chile 1022 400 475 25 342
Chile 1024 300 375 25 260
Chile 1026 500 600 50 375
Chile 1027 475 500 75 400
Chile 1029 300 300 25 230
Chile 1030 225 310 110 211
Chile 1101 250 200 100 148
Chile 1102 400 450 125 350
Chile 1104 250 275 55 230
Chile 1108 225 275 75 241
Chile 1109 240 260 30 211
Chile 1110 400 525 165 483
Chile 1112 350 500 60 488
Chile 1113 300 375 15 281
Ca 2007 811 250 200 530 106
Ca 2007 814 325 400 5600 700
Ca 2007 815 175 200 400 370
Ca 2007 818 200 275 2425 –
Ca 2007 821 225 250 440 106
Ca 2007 822 450 600 3900 300
Ca 2007 824 200 250 300 334
Ca 2007 825 250 225 175 360
Ca 2007 826 250 270 230 100
Ca 2007 827 340 350 600 256
Ca 2007 828 280 325 775 204
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Table 1. Continued.

Locale Flight CDNC AMNC Aitken CCN (0.3 %)

Ca 2005 810 350 475 725 369
Ca 2005 811 450 475 575 487
Ca 2005 813 280 400 230 400
Ca 2005 815 250 300 150 238
Ca 2005 816 200 180 40 149
Ca 2005 817 260 240 380 –
Ca 2005 818 250 225 – –
Ca 2005 819 200 180 120 80
Ca 2005 820 275 275 475 35
Ca 2005 822 250 225 65 90
Ca 2005 823 300 400 750 50
Ca 2005 825 300 460 300 307
Ca 2005 826 450 525 575 463
Namibia RAF 907.1 175 200 – –
Namibia RAF 907.2 250 330 – –
Namibia UW 1836.1 40 40
Namibia UW 1837.2 50 50
Namibia UW 1837 85 90

28681

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/11/28663/2011/acpd-11-28663-2011-print.pdf
http://www.atmos-chem-phys-discuss.net/11/28663/2011/acpd-11-28663-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
11, 28663–28687, 2011

CDNC and aerosol
number relationship

D. A. Hegg et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

 

Figures 

 

 

 

Figure 1. Vertical profile of the accumulation mode number concentration 

(AMNC) and the cloud drop number concentration (CDNC) through the 

stratocumulus deck sampled during CARMA IV on August 27
th
, 2005. 

 

 

 

 

 

 

Fig. 1. Vertical profile of the accumulation mode number concentration (AMNC) and the cloud
drop number concentration (CDNC) through the stratocumulus deck sampled during CARMA IV
on 27 August 2007.
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Figure 2. Linear regression of the cloud drop number concentration (CDNC) onto 

the concentration of CCN active at 0.3% supersaturation (CCN(0.3%)) from three 

separate studies in two of the three major stratocumulus decks on earth.  

 

 

 

 

 

 

 

 

 

Fig. 2. Linear regression of the cloud drop number concentration (CDNC) onto the concentra-
tion of CCN active at 0.3 % supersaturation (CCN (0.3 %)) from three separate studies in two
of the three major stratocumulus decks on earth.
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Figure 3. Linear regression of cloud drop number concentration (CDNC) onto 

accumulation mode number concentration (AMNC). Data are primarily from the 

California and Chilean cloud decks but a few points from the Namibian deck are 

included as well.  

 

 

 

 

 

 

 

 

Fig. 3. Linear regression of cloud drop number concentration (CDNC) onto accumulation mode
number concentration (AMNC). Data are primarily from the California and Chilean cloud decks
but a few points from the Namibian deck are included as well.
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Figure 4. Variability in the hygroscopicity (quantified by , see text) of aerosols as 

a function of size observed during CARMA-III in the region of the California 

cloud deck. Data were from a H-TDMA. The error bars and red boxes denote the 

95% and quartile ranges, respectively, of the measurement population. 

 

 

 

 

 

 

 

 

Fig. 4. Variability in the hygroscopicity (quantified by κ, see text) of aerosols as a function of
size observed during CARMA-III in the region of the California cloud deck. Data were from
a H-TDMA. The error bars and red boxes denote the 95 % and quartile ranges, respectively, of
the measurement population.
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Figure 5. Variability in aerosol hygroscopicity for particles of the same size. 

Observations are in marine air in the Eastern Atlantic and are from Swietliki et al 

(2000). The error bars represent the range of the measured values. 

 

 

 

 

 

 

 

 

Fig. 5. Variability in aerosol hygroscopicity for particles of the same size. Observations are in
marine air in the Eastern Atlantic and are from Swietliki et al. (2000). The error bars represent
the range of the measured values.
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Figure 6. Diagram illustrating the relationship between size and critical 

supersaturation (Sc) as a function of aerosol hygroscopicity () for two different 

particle sizes: one at the low end of the accumulation mode (0.1m) and one in the 

Aitken range (0.05 m).  

  

 

 

 

Fig. 6. Diagram illustrating the relationship between size and critical supersaturation (Sc) as
a function of aerosol hygroscopicity (κ) for two different particle sizes: one at the low end of the
accumulation mode (0.1 µm) and one in the Aitken range (0.05 µm).

28687

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/11/28663/2011/acpd-11-28663-2011-print.pdf
http://www.atmos-chem-phys-discuss.net/11/28663/2011/acpd-11-28663-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/

