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[1] We study the relationships between aerosols, clouds, and
large scale dynamics over a north coastal Australia (NCA)
region and a southeast Australia (SEA) region during the
period 2002—-2009 to evaluate the applicability of the aerosol
microphysics-radiation-effect (MRE) theory proposed by
Koren et al. (2008) in a low aerosol environment. We use
aerosol optical depth (7,), fire counts, and cloud fraction ( f;)
from Aqua-MODIS, and NCEP Reanalysis vertical velocities
at 500 mb (wsqp) as a proxy for dynamic regime. In the NCA
we find a monotonic increase f. (35%, absolute f.) as a
function of increasing 7,. In the SEA, we find that ;. initially
increases by 25% with increasing 7,, followed by a slow
systematic decrease (~18%) with higher 7,. We show that
the MRE theory proposed by Koren et al. (2008) adequately
represents the variation of f. with 7, in both the NCA and
SEA. By conditionally sorting data by wsoy We investigate
the role dynamics plays in controlling the 7,-f. relationship
and the rate at which f. changes with 7,. We find that the
MRE theory can be used to empirically fit both —wsq and
+wsgp observations. By analyzing meteorological parameters
from the NCEP Reanalysis, we find that variations in local
meteorology are not likely the cause of the observed
relationships of 7, and f. during biomass burning seasons.
However, additional factors such as aerosol type and cloud
type may play a role. Citation: Small, J. D., J. H. Jiang, H. Su,
and C. Zhai (2011), Relationship between aerosol and cloud fraction
over Australia, Geophys. Res. Lett., 38, 123802, doi:10.1029/
2011GL049404.

1. Introduction

[2] Absorbing aerosols, including biomass burning smoke
and dust, affect large regions of the globe with the potential to
influence and modify clouds [Koch and Del Genio, 2010]. The
study of aerosol effects on clouds is complex and their inter-
action may be influenced or obscured by regional and local
meteorology and dynamics [Ten Hoeve et al., 2011]. In both
theoretical and observational studies, cloud properties (both
micro- and macro-physical) are found to be influenced by
atmospheric aerosol loading. For example, cloud fraction ( f,.)
is thought to vary as a function of aerosol amount, with some
researchers reporting an increase in f;. with increasing aerosol
optical depth [Feingold et al., 2001; Loeb and Schuster, 2008;
Koren et al., 2010], while others, using aircraft observations,
find that f.. can actually decrease in the presence of increased
aerosol [Small et al., 2009] and result in changes in cloud
lifetime. Consequently, the aerosol “lifetime effect,” in which
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increased aerosol results in higher cloud drop concentration,
increased liquid water paths, cloud fraction, and higher albedo
and thus longer cloud lifetime, has come under scrutiny in
recent years. Local meteorology and dynamics are theorized to
play several roles in modifying aerosol effects on clouds and
precipitation via various pathways, including available pre-
cipitable water, relative humidity, and updraft velocities [Loeb
and Schuster, 2008; Dey et al.,2011]. Yuan et al. [2008] found
that available water vapor explained 70% of the variance in the
slope of the correlation found between drop effective radii and
aerosol optical depth in their coastal study regions, while
Feingold et al. [2001] found it had limited effect on their study
of biomass burning aerosols in Brazil. Ten Hoeve et al. [2011]
found that background column water vapor likely exerts a
strong effect on cloud properties. High relative humidity (RH)
at cloud base has been associated with positive correlations
between cloud fractions and aerosol optical depth [Loeb and
Schuster, 2008]. Changes in the local dynamics can also
modify cloud microphysics and how the cloud system
responds to aerosols. To prevent contamination by meteoro-
logical factors previous studies employ various techniques
intended to cancel out or limit their effects such as spatial and
temporal averaging or specific sorting and filtering criteria
[Kaufman and Nakajima, 1993; Loeb and Schuster, 2008,
Huang et al., 2009; Grandey and Stier, 2010]. Recently,
Koren et al. [2008] put forth a theory that predicts both an
increase and decrease in f;. with 7,. We refer to this theory here
as the combined microphysical—radiative effect, or MRE. For
the microphysical component, when 7, increases f. increases
exponentially until the effect saturates at large 7,. For the
radiative component, absorbing aerosols interact with incom-
ing solar radiation within the aerosol layer. This reduces the
amount of solar radiation reaching the surface, stabilizing the
boundary layer via heating within the cloud layer, suppressing
cloud formation and decreasing f.. By incorporating both the
microphysical response of clouds and the radiative changes to
the cloud layer in the presence of aerosols the MRE accounts
for an initial increase followed by decrease in f;. as aerosol
loading is increased. Due to the regional nature of aerosols and
fire occurrence, it is necessary to focus on locations within
specific dynamic and meteorological regimes. Thus, this work
provides an analysis of two study regions in Australia, a north
coastal region (NCA) and southeastern coastal region (SEA).
Both regions have active fire seasons and are periodically
influenced by dust from the central Australian Desert. This
analysis combines observations of aerosols and clouds from
satellite and reanalysis data sets to address unanswered ques-
tions related to aerosol-cloud interactions. Focusing on peak
biomass burning seasons increases the potential amount of
absorbing aerosols and reduces the influence of seasonal var-
iability. We seek to minimize the influence of large-scale
meteorology by restricting the spatial and temporal domains in
which the aerosol and cloud properties are compared by
choosing small study regions and daily data for select seasons.
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Figure 1. Climatological (a) Aqua MODIS Fire Counts based on monthly data from July 2002-December 2009 with NCA
(red box) and SEA (blue box) outlined, (b) relative frequency of MODIS AOD for the NCA (red triangles) and the SEA

(blue dots).

The primary questions to be addressed are: How does cloud
fraction vary as a function of aerosol? What impact do local
dynamics have on this relationship?

2. Data

[3] We use globally gridded daily data sets standardized to
a1 x 1.25° grid by linear interpolation for the ~8 year period
July 2002 to December 2009. We use seasonal subsets from
the full data record, focusing solely on the dry seasons with
definite biomass burning activity to maximize the potential
presence of absorbing aerosols and limit meteorological
variability. For aerosol, we use daily Level-3 globally grid-
ded aerosol optical depth (7,) from the MODerate Resolu-
tion /maging Spectroradiometer (MODIS) on the Aqua
satellite (MYDO08 M3, MYDO08 D3, Collection 5.1) [Remer
et al., 2008]. In depth discussions of MODIS 7, are given by
Chu et al. [2002], Levy et al. [2005], and Lin et al. [2006].
Following Torres et al. [2010], we use monthly MODIS fire
count data, to identify locations and occurrence of fire
activity. We also use aerosol classification data from the
Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observations satellite (CALIPSO) [Winker et al., 2007] and
Acrosol Index (AI) observations from the Ozone Monitoring
Instrument (OMI) [Torres et al., 2007] to confirm that
absorbing aerosol (pure smoke, dust and polluted dust) are
present during the seasons chosen in this study. We use daily
Level-3 MODIS f., obtained by calculating global cloud
amounts from instantaneous cloud masks [Platnick et al.,
2003]. Following Koren et al. [2008], we use Level-3
MODIS cloud top pressures (CTP) as a measure of cloud
vertical development. Since aerosols and clouds are influ-
enced by local and regional meteorology we use daily
regridded NCEP Reanalysis data [Kalnay et al., 1996] to set
the meteorological and dynamical context. Specifically, we
use vertical velocities at 500 mb (wsqg) to account for dif-
ferences in large scale dynamics and evaluate precipitable
water (PW) and relative humidity (RH) as a function of
aerosol to account for differences in available water vapor.

3. Study Area

[4] MODIS fire count data are used to characterize the
timing and location of biomass burning and to choose our

regions of interest and maximize the amount of absorbing
aerosols present. Figure la shows the geographic distribu-
tion of mean fire activity from July 2002 to December
2009. An analysis of the annual cycle of biomass burning
(not shown) identifies the peak biomass burning seasons as
SON for the NCA and DJF for the SEA. To assess the
variability in the 7,-f. relationship we choose regions with
distinctly different meteorological conditions with well
defined fire seasons and activity: a) the NCA defined by
10.5°S to 20.5°S and 118.125°W to 139.375°W and b) the
SEA defined by 30.5°S to 50.5°S and 134.375°W to
156.875°W. Figure 1b shows the relative frequency of
MODIS 7, for each region. The mean (+0) for 7, for NCA
during SON (2002-2009) is 0.16 £ 0.16 and for SEA
during DJF (2002-2009) is 0.12 + 0.17.

[5] Our study regions are dominated by absorbing bio-
mass burning aerosols and dust from the central desert.
CALIPSO aerosol data sorted by aerosol type is used to
determine the percentage of aerosol considered to be
absorbing (75% in the NCA and 65% in the SEA).
Comparisons between MODIS 7, and OMI Al for the
selected seasons further confirms the presence of absorb-
ing aerosols, see auxiliary material for additional infor-
mation. In comparison to other biomass burning regions
such as Africa and South America, the Australian conti-
nent has a very low total aerosol amount [Remer et al.,
2008].

[6] Cloud characteristics, such as f., are also affected by
the large scale (synoptic) patterns [e.g., Dey et al., 2011]
of the region in which they are formed. Australia is
characterized by monsoonal activity in the north and by
mid-latitude storms in the south. However, by choosing
biomass burning seasons, meteorological variability is
reduced as can bee seen in Figures 2a—2c. Here we see
that three indicators of local meteorology, wsog, PW and
RH, show very little dependence on 7,. This suggests that
meteorological conditions are stable for the chosen seasons
and we conclude that variations in local meteorology
should not play a large role in determining the relationship
between 7, and f.. During the SON study period NCA has

'Auxiliary materials are available in the HTML. doi:10.1029/
2011GL049404.
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Figure 2. Meteorological parameters, (a) wsop (Pa s,
(b) PW (kg m™®), (¢) RH (%), and (d) MODIS cloud top
pressure (hPa) +lo sorted as a function of MODIS 7,
for the two regions: NCA (red curves) and SEA (blue
curves). Number of samples in each bin are represented
by grey triangles (NCA) and dots (SEA).

a mean (+o0) f. of 0.29 £ 0.15, while during DJF the SEA
has a mean (o) f. of 0.57 + 0.14.

4. Results

4.1. Observed Relationships Between f. and 7,

[7] In this section we examine the relationships between
T, and £, during the fire seasons SON and DJF for the NCA
and SEA regions, respectively, for the eight year period
2002-2009. Figures 3a and 3b show £ sorted into linearly
spaced 7, bins for the NCA and SEA respectively. We only
show data for 0 < 7, < 0.8 due to the limited number of
samples for 7, > 0.8 and to avoid potential misclassification
of clouds and aerosols (following Koren et al. [2008]).

[8] For the NCA, f. increases consistently with 7, for 0 <
7, < 0.6 at rate of 6% per 0.1 increase in 7, When 7,> 0.6,
f. decreases slightly with increasing 7, per bin for 7, > 0.6.
However, there are not enough samples to provide a statis-
tically significant sample for 7, > 0.6. The peak f. is 60%
when 7, is 0.6. For the SEA we see that when 7, is relatively
small (0 < 7, <0.3), f. increases with 7, more dramatically
than in the NCA with a rate of 10% per 0.1 increase in 7,,.
When 0.3 < 7, < 0.8, f. decreases at a rate of 3.5% per 0.1
increase in 7,. The peak f. in the SEA is ~70% when 7, is
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0.3. The differences in f. response to 7, in the NCA and the
SEA regions will be addressed in Section 5.

[s] The relationship between 7,-f. for the SEA approxi-
mately resembles the theoretical prediction of the MRE and
the competing effects of the aerosol microphysical and
radiative effects. The radiative component of the MRE,
results in a steady, linear decrease in f. as a function of
increasing aerosol. An analysis of the data suggests that the
initial ;. is key in determining the slope of the decrease in f,
[see Koren et al., 2008, Figure 1] with increasing aerosol.
The strength of the radiative component of the MRE can be
described as the absolute change in f; and is the difference
between the peak f. and the value of /. at a maximum 7, (in
this case 7, = 0.8), represented here by Af,. Referring to
Figure 3b an analysis of the 7,,-f. relationship for SEA shows
evidence of a radiative effect in £, with a A f. decrease of
~18% over the 0.3 < 7, < 0.8 range. The MRE also predicts
that the lower (higher) the initial cloud fraction, the stronger
(weaker) the radiative effect resulting in a larger (smaller)
decreasing slope. However, for the NCA the observations in
Figure 3a more closely resemble those in Figure 2 of Koren
et al. [2005], in which they found a consistent monotonic
increase in f; as 7, increased from 0 to 0.5 over a North
Atlantic region. Since there is no clear evidence of a radia-
tive effect in the NCA, we focus primarily on the micro-
physical effect for the NCA.

4.2. Observed Relationships With 7, as a Function
of wsoo

[10] Dynamics play a large role in determining cloud
properties and one of the fundamental differences between
the NCA and the SEA is the difference in the general
dynamics of the two regions. Based on climatological lower
tropospheric stability calculated using NCEP Reanalysis
temperature data at 1000 and 700 mb, (not shown), on an
annual basis the NCA (SEA) is characterized as less stability
(more stability) and lower (higher) cloud fraction. Here we
investigate how dynamics, using —wsoo as a proxy, affects
the observed relationships between 7, and f;. (refer back to
Figure 2b).

[11] In Figure 3b we clearly see the effect of dynamics on
the observed relationships between 7, and f.. for each region.
For the NCA we see that the rate of increase in f. with
increasing T, is similar for both +wsgy (descending) and
—wsqo (ascending). However, —wsoo samples have character-
istically higher f.. In the SEA there is a slight difference
between the initial rates of increase in f;. for data classified by
+ and —wsqo. For + and —wsq(, over the range of 0 > 7,> 0.3,
f. increases by ~12% for +wsgo and only ~8% for —wsgo. In
the SEA, —wsoo shows fairly constant £ for 7, > 0.3 and those
with +wsgo show a 25% decrease in f,. for 0.3 <7, <0.8.

[12] Possible causes for the differences between + and
—wsgo regimes include: (1) for subsidence regimes, in the
SEA, (+wsgp), aerosols may remain close to the surface, and
as suggested by Koren et al. [2008], heat the sub-cloud and
cloud layer and stabilize the boundary layer. Boundary layer
stabilization suppresses cloud formation thus reducing f;
(2) In the NCA, convection (—wsgg), can increase cloud
amount, increasing the initial f.. In the SEA, additional
convection may lower clear-sky percentages and decrease
the potential impact of the aerosol radiative effect, prevent-
ing f. from decreasing as efficiently with increasing 7.
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Figure 3. MODIS (. as a function of 7, for (a) NCA (red) and (b) SEA (blue), and conditionally sorted by + and —wsgo
(¢) for NCA and (d) for SEA. Vertical bars show standard errors for each aerosol bin. Dashed red and blue lines are for
—wsgo and dashed-dotted red and blue lines are for +wsgo are for NCA and SEA regions respectively. Grey triangles
(NCA) and dots (SEA) show number of samples in each 7, bin. (¢) Same as in Figures 3a and 3¢ with empirically fit curves
(black) overlain. (f) Same as in Figures 3b and 3d with empirically fit curves (black) overlain. For both Figures 3d and 3e
empirical fit curves depict the f. dependence on the superposition of the microphysical and radiative effects (line styles

same as described above for all, +wsqg, and —wsgg data).

[13] Referring again to Figures 3c and 3d and considering
the absolute change in f., we see that for the NCA, wsqg
sorted f. show similar microphysical effects with increases
of ~30% for both + and —wsgg. For wsgg sorted f;. in the SEA,
we see a weak absorption effect for the —wsgo sorted data
(highest maximum f;,) with a Af,. of ~0% and +wsgg (lowest
maximum f;) data showing the strongest radiative effect with
a Af. of ~20%. These findings are consistent with the MRE
and predictions described above.

[14] In addition to the absolute change in f., which aids in
identifying differences within the same region, Koren et al.
[2008] also define the relative change in f;. as Af./max( f.).
The relative change in f., which is normalized by the maxi-
mum f., allows for the comparison between regions. For
our data we find the relative increase in f. is greater for
the NCA (0.58) than the SEA (0.35) with a relative
decrease in the SEA of 0.25. In the SEA, as theoretically
predicted, we observe a stronger aerosol radiative effect in
response to aerosol (at high 7,) for +wsgg as compared to
—wsgo. Thus, it is observed that regimes with lower initial
f. are more susceptible to the radiative effect than regimes
with higher initial f,.

4.3. Empirical Fitting

[15] Based on the theoretical predictions of the MRE,
Koren et al. [2008] find a continuous transition in the rela-
tionship between f. and 7, from a microphysically affected
regime at low 7, and a radiative affected regime at high 7.
Here we evaluate the MRE in the two selected regions
affected by absorbing aerosols (including both dust and
smoke) with average 7, values lower than that observed over
the Amazon as in Koren et al.’s [2008] study.

[16] We begin by fitting our f, curves for NCA and SEA
with equation (5) of Koren et al. [2008] to test the loga-
rithmic response of the f. to microphysical effects (not

shown separately). We re-write equation (5) of Koren et al.
[2008], to be consistent with our nomenclature, as:

Sem = fes (l— exp (_bi/.T“))

where f;,, is the cloud fraction under the influence of the
microphysical effect, £, is the maximum cloud fraction at
which the microphysical effect saturates, 7, is the aerosol
optical depth and b,is a parameter determining the slope of
the increase in f.. Values for the fitting parameters byand f,
can be found in Table 1, derived from least-square fits for
the combined microphysical and radiative effect.

[17] As mentioned above, in addition to the microphysical
effect, Koren et al. [2008] explain the reduction in £ at higher
T, as the result of an aerosol radiative effect. The radiative
effect is an exponential dependence of f. on temperature
(influenced by 7,) resulting in decreasing f. with increasing
T,. For the radiative effect we re-write equation (4) of Koren
et al. [2008]:

(1)

Jea=1- (] _fCO) exp(_’yTa) (2)
where ., is the f, resulting from the aerosol radiative effects.
It is dependent on the amount of clear sky present (1-f.),

Table 1. Fitted Parameters for f. Using the Superposition of
Equations (5) and (6) of Koren et al. [2008]

Fitted Parameter

Region by Jes ¥
NCA 0.0030 0.1867 -0.9056
+wsoo 0.0025 0.1707 -0.8135
~Ws00 0.0031 0.2292 -1.1112
SEA 0.0566 0.7725 0.8441
+wsoo 0.0596 0.7494 1.1262
~Ws00 0.0506 0.7523 -0.0514
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where f. is the initial cloud fraction and ~, a proportionality
constant, in place of a, Q and ¢, in the original work by
Koren et al. [2008]. A combined variable is suitable for this
study since we are not specifically investigating the sensi-
tivity of f. to temperature changes (a), the dependence of
aerosol optical properties (Q), or the characteristic time
response to aerosols (f). Values for the fitting parameter ~
can be found in Table 1.

[18] To determine the total acrosol MRE on f. we use of
equation (6) from Koren et al. [2008]:

foo = 1—(1 —fcs<1 ~ exp (—%n»)*exp(—wa) 3)

The predicted cloud fraction, f.«, is that resulting from the
superposition of the microphysical and radiative effects.
Taking the analysis further than Koren et al. [2008], and
following Jiang et al. [2010], we perform two dimensional
least-squares fitting to the observed data with the empirical
formula equation (3), i.e., to determine the parameters f.,, bs
and ~, through minimizing the following cost function:

COST = 3 [f! ~ fe(riofos br27)]” @)

i

where f; is the mean f, corresponding to the i-th 7, bin. The
T, is the mean 7, in the i-th 7, bin. For our least-squares
fitting computation, there are 15 linearly spaced bins of 7,
between 0.05 and 0.775. The least-squares fits are computed
using the mean values of /. derived from the eight fire sea-
sons of MODIS data.

[19] Substituting the fitted parameters into equation (3),
we obtain £, as a function of 7, for the NCA and SEA (see
Figures 3e and 3f). For the NCA we see that the micro-
physical effect, the rate of increase in f, is similar for all
samples. This is also by confirmed by close values of by
while for the SEA we see slight variations in the rate of
increase in f., with values of b, having a broader range
(Table 1). The SEA, unlike the NCA, clearly shows evi-
dence of the radiative effect suggesting that the south is
more susceptible to the radiative effects of absorbing aero-
sol. We see that the strongest radiative effect is associated
with SEA +wsg, with the lowest value of calculated satu-
rated cloud fraction, f.,. This confirms that low f,. allows for
more efficient heating and stabilization of the cloud layer,
resulting in further decreases in f.. We see the weakest
absorption effect for SEA —wsoo when f. is high, preventing
surface and cloud layer heating, thus preventing decreases in
f. as 7, increases. The threshold values for the SEA (when £
switches from increasing to decreasing) are similar regard-
less of dynamic regime.

5. Discussion of Regional Differences

[20] We find that the Koren et al. [2008] empirical model
provides an adequate approximation for the relationship
between f, and 7, for a range of dynamic conditions. Using
this empirical model, we can quantitatively compare the
regional differences in the dependence of /. and 7,. We find
that both the NCA and the SEA exhibit an initial increase in
f. with increased 7, and that the southern region shows a
clear decrease in f,. at highest 7,. For the SEA, the threshold
value of 7, = 0.3 is within the range of threshold values of
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0.2-0.35 found in previous studies [Koren et al., 2008; Dey
et al., 2011]. Further studies in additional regions are nec-
essary to better understand what physical processes deter-
mine the threshold value. Alternative explanations for the
observed correlations between 7, and f.. are discussed below.

[21] The strong increase in f;. with 7, found in the NCA is
similar to the results of Koren et al. [2005] for Atlantic
convective clouds primarily affected by dust aerosols,
though other effects such as differences in aerosol compo-
sition and surface effects on cloud types may also play a role
[Yuan et al., 2011]. The NCA is characterized by higher total
T4 lower mean and maximum f;, higher PW, and a larger
percentage of aerosol categorized as polluted dust (see
auxiliary material). Thus, the NCA is affected by a different
combination of aerosol types and meteorology than the SEA.
One possible scenario to account for the 7,-f.. relationship in
the NCA is that the aerosol contains more particles able to
act as CCN and form new clouds (directly increasing f..) or
form additional smaller droplets in existing clouds. These
smaller drops may inhibit collision-coalescence and allow
the cloud to live longer (maintaining f.) and potentially
deepen as a result of stronger updrafts resulting from latent
heat release during condensation [Koren et al., 2005]. We
conclude that the microphysical effect (increasing CCN) is
the dominant aerosol effect in the NCA since no clear radi-
ative effect is observed. Additional support for the domi-
nance of the CCN effect can be seen in Figure 2d which
shows MODIS cloud top pressure (CTP) as a function of 7,,.
Here we see a clear indication of decreasing CTP (reversed
vertical axis) with increasing aerosol. Like Koren et al.
[2005], we suggest that this decrease in CTP may be the
result of aerosol induced enhancement. Additional work
using CTP and cloud top temperature as well as sorting data
by cloud type will help clarify the relationship between 7,
and CTP in Australia, but is out of the scope of this study.
The empirical fits using equation (3) show the similarities
between the dynamic regimes with similar values for b, and
f.s» values dependent on mean £ such that convective sam-
ples have the highest f.;. The negative values for ~ are
indicative of the fact that the radiative effect is not observed
in the NCA.

[22] The characteristic “boomerang” shape observed in the
SEA is indicative of the presence of biomass burning aero-
sols (smoke), as seen in Koren et al. [2008], Ten Hoeve et al.
[2011] and Dey et al. [2011]. Indeed, for the SEA, a slightly
larger percentage of the absorbing aerosol is classified as
smoke (auxiliary material). We also find that f. behaves
predictably in accord with the MRE such that the strongest
(weakest) absorption effect is evident for data with the
lowest (highest) mean f... For the SEA the initial f; is likely
the factor that determines the overall impact of the MRE.
When initial f. is low (high), the radiative (microphysical)
effect dominates. The empirical fits suggest that the micro-
physical effect varies as a function of dynamic regime with
—wsgo samples experiencing the strongest microphysical
effect. However, since the threshold value (7, ~0.3) is
similar for all dynamic regimes so are the values of f
for +wsgy and —wsgo samples. Additionally, ~, our pro-
portionality constant related to optical and thermal prop-
erties of the aerosols, changes dramatically as a function of
ws00, With a positive value for +wsgq (indicating heating) and
a slightly negative value for —wsoo in which little evidence
for the radiative effect is found (as in the NCA). For the
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SEA, alternative explanations for observed increase in f
with 7, may be the result of observed increases in individual
cloud number [Dey et al., 2011]. Convective invigoration
and cloud deepening may also be acting as well, as we see
a slight decrease in CTP (Figure 2d) in the SEA when the
microphysical effect is active and then increases in CTP
when the radiative effect takes over.

[23] While it is appealing to attribute regional differences
observed in the 7,-f. relationship solely to an aerosol effect
it is necessary to highlight potential alternatives. As stated in
the introduction, instrument artifacts, meteorology and local
dynamics are thought to play a role in determining both
aerosol and cloud characteristics. Numerous recent studies
[Kaufiman et al., 2005; Loeb and Schuster, 2008; Ten Hoeve
et al., 2011; Yuan et al., 2011] have attempted to isolate
aerosol-cloud interactions finding that in the majority of
cases meteorology, dynamics and other factors (such as 3D
cloud effects, cloud contamination, and aerosol composi-
tion) can be rejected as the dominant player in determining
the correlations found between aerosol optical depth and
cloud properties. The results presented here suggest that
large-scale meteorology is likely not a factor (Figure 2) but
we caution that local differences in aerosol type may play
a significant role in determining the 7,-f. relationship
[Kaufman et al., 2005]. Further analysis is necessary to
determine how large an impact aerosol type has on the
relationship for the chosen study regions. Another critical
parameter missing in this analysis is a separation of cloud
type. Microphysical processes differ between cloud types
and further analysis is necessary to determine if the observed
regionally averaged 7,-f. relationships are maintained if
specific cloud types (cumulus, stratocumulus, cirrus, etc.) are
considered separately [Yuan et al., 2011]. Future work will
aim to isolate the influences of aerosol type and cloud type.

6. Summary

[24] In this study, a combination of satellite datasets are
used to examine the relationships between f; and 7, in two
meteorologically distinct regions in Australia. We find that
in the SEA MODIS f. generally increases with aerosol
loading, followed by a decrease after reaching a threshold
value independent of dynamical regime (wsoo) and that the
NCA shows monotonic increases in f,. with increasing 7.
Using the empirical formulas put forth by Koren et al.
[2008] we obtain fit parameters for f. as a function of 7,
which approximately capture the observed relationships
among f. and 7,.

[25] The results presented here suggest the importance of
regional differences in both f, amount, aerosol type and in
understanding the rates of increase and decrease in cloud
cover. Even within the same region dynamics play a role
in determining the rates of change in f. with the more con-
vective regions (—wsgp) With higher initial £, showing the
least decrease overall. Choice of region (dynamic and
meteorologic setting and likely aerosol type) is important in
determining the relationships between aerosols and cloud
amount. Thus, generalizations of the relationships between
changes in aerosol loading and the effect on cloud properties
cannot be made without taking regional differences into
consideration. This study provides evidence that the distinct
relationship between f. and 7, may be explained by the
simple MRE model for regions with varying amounts and
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different types of acrosols. However, it must be noted that
cloud particle size, and ultimately cloud fraction, may be
influenced by additional factors including fluctuations in
aerosol size distributions, and meteorological and dynamical
parameters.
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