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[1] Data from two different sensors measuring ice particles were combined to establish
an improved data series for ice water content. Together with liquid water
measurements this new data set was used to evaluate arctic cloud properties, simulated
with a state-of-the-art mesoscale atmospheric model. Dependent on the method used for
comparison, the mean cloud fraction was found to lie between 51 and 58% in the
observations and 53% in the simulations. The hit rate for the total water content was
estimated to be between 65 and 71% and the systematic error to a few percent. On the
basis of in-cloud observations only, the model was able to reproduce cloudy conditions in
74% of the data points. On the other hand, the model underestimated the occurrence
of the liquid phase by about 80% and slightly overestimated the occurrence of the ice
phase. Also, in the temperature range from 255 K to 230 K, where considerable amounts
of supercooled water were observed, the model failed to produce the liquid phase. Our
results confirm the previous finding that despite high forecast skill with respect to
cloudy or cloud-free events, the model underpredicts the occurrence of liquid phase in
arctic clouds. This shortcoming will have a large influence on precipitation forecasts, as
well as on climate predictions. Despite some improvements in recent years, more
research is needed to improve the parameterization of arctic cloud properties in fine-scale
weather prediction models. For climate models, which have to employ a much cruder
parameterization of the microphysics, we face a number of challenges.
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1. Introduction

[2] The Arctic is a highly variable and sensitive region in
the global climate system [Walsh et al., 2002]. In recent
decades observations have revealed global changes with
strong arctic amplification of the climate signal in response
to increase in greenhouse gases [Houghton et al., 1995]. As
in other regions, clouds are strong regulators of the arctic
energy budget, and changes in arctic cloud properties have
the potential to constitute a dominating feedback mecha-
nism. However, a poor understanding of basic cloud struc-
tures and cloud formation as well as of evolution and
dissipation mechanisms in the Arctic precludes reliable
quantitative as well as qualitative descriptions of the role
of arctic clouds in the climate system.
[3] Current climate models exhibit large model-to-model

discrepancies with respect to simulated horizontal distribu-

tion and vertical extent of clouds and their optical and
microphysical properties, which severely limit the models’
predictive capability [Randall et al., 1998]. Although the
models have been improved, clouds represent the largest
uncertainty in present climate models [e.g., Intergovern-
mental Panel on Climate Change (IPCC), 2001]. Thus
improved parameterization of clouds and radiation is a
key issue that should be emphasized in numerical modeling
of the arctic atmosphere. Since mixed phase clouds have a
significantly different impact on radiation than single-phase
clouds, it is of critical importance to understand the prop-
erties of these clouds and their cloud/radiation feedback.
Also, it is important to enhance the ability of GCMs and
weather prediction models to simulate mixed phase clouds
properly.
[4] Because of increased computer resources most oper-

ational weather prediction models today employ relatively
sophisticated microphysical cloud condensation schemes,
including prognostic equations for the mixing ratios of all
water phases. Also, in some models prognostic equations
for particle number concentrations have recently been
introduced [Morrison et al., 2005; Reisner et al., 1998],
and for research purposes explicit bin-resolving cloud
models are used [Reisin et al., 1996; Harrington et al.,
1999; Rasmussen et al., 2002]. Increased computer resour-
ces also provide the possibility of running models at high
horizontal resolution, where clouds are assumed to be a
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resolved variable, thus removing the problem associated
with subgrid cloud cover. Nevertheless, independent of
model resolution, in-cloud microphysical processes will
always have to be parameterized. Because of the lack of
knowledge about microphysical processes there are still
large uncertainties in such parameterizations, and precipita-
tion forecasts show insignificantly increased skill as the
horizontal resolution is increased. Another problem for
validation of both precipitation and in-cloud processes is
the lack of measurements [Curry et al., 1996]. This problem
is more severe in the Arctic than at lower latitudes. In
addition, most models or parameterization schemes have
been developed to perform well at lower latitudes. Thus, on
the basis of scanty data, modifications of empirical con-
stants and assumptions may have to be made when these
models are applied in the Arctic.
[5] When GCMs, such as the Bergen Climate Model

(BCM) [Furevik et al., 2003], are used for long-term climate
prediction, limited computer capacity remains a problem,
and the parameterization of the microphysics is quite simple
compared to that in weather prediction models. Thus, in
the atmospheric part of the BCM (ARPEGE, Action de
Recherche Petite Echelle Grande Echelle [Geleyn et al.,
1995]), a simple diagnostic relation, based on the temper-
ature, are used to specify the water phases.
[6] The large uncertainty in the cloud parameterization in

GCMs was one of the motivating factors behind the Surface
Heat Budget of the Arctic Ocean (SHEBA) project, a
measurement campaign north of Alaska that lasted for 1 year
(see Uttal et al. [2002] for details about the SHEBA
campaign, Figure 1 for the location in April 1998, and
http://sheba.apl.washington.edu/sheba3/icestation/ice_
tracks.gif for the ice station drift). Several studies have been
performed on the basis of cloud data from this campaign.
Remotely sensed data from lidar and microwave radar were
collected during the SHEBA campaign, and examples of
cloud microphysical retrievals from some of these data are
provided by Intrieri et al. [2002] and Shupe et al. [2005].
Beesley et al. [2000], using the European Centre for
Medium Range Weather Forecasts (ECMWF) model, found
good correlation with observations of the vertical extent of
clouds over SHEBA, although the model had a tendency to
overestimate clouds below 1 km. They also found that the
temperature-dependent parameterization of water phases in
the ECMWF model did not reproduce the observed fraction
of ice, but provided a systematic underestimation of the
liquid phase. The problem of underprediction of the liquid
phase was also reported by Morrison et al. [2003] and
Morrison and Pinto [2006].
[7] In this paper we investigate the properties of an arctic

cloud data set on the basis of in situ measurements from a
flight campaign conducted north of Alaska in April 1998, as
illustrated in Figure 1 and Table 1. Our focus is on
characteristic features of arctic cloud fields, and on how
well such features can be reproduced with a state-of-the-art
mesoscale numerical model.
[8] The paper is organized as follows. In section 2

observational data from in situ flight measurements are
presented and discussed. Then in section 3 a brief descrip-
tion of the numerical model and experiment design is given.
In section 4 simulated and observed data are compared, and
the main results are described and discussed in sections 5

and 6, respectively. A summary and concluding remarks
are given in section 7. Details about the method used
to compute the ice water content (IWC) are given in
Appendix A.

2. In Situ Flight Measurements

[9] The observational data used in this study are in situ
airborne cloud measurements that were made in the period
9–29 April 1998 (see Table 1) as part of the First Interna-
tional Satellite Cloud Climatology Project (ISCCP) Regional
Experiment-Arctic Cloud Experiment (FIRE.ACE). During
those 20 days in April 1998 the pressure was relatively high,
the wind direction was mainly easterly with a few shifts to
northerly, and the mean wind speed was 4.8 ms�1. The
relative humidity was high and above 85% throughout the
period. During the yearlong SHEBA campaign (October
1997 to October 1998) observations of clouds showed that
supercooled liquid water and mixed phase clouds occurred
frequently [Curry et al., 2000; Intrieri et al., 2002; Shupe
et al., 2001].
[10] In this work we use a data set that was collected

during 15 flights with the Canada National Research Coun-
cil Convair 580 aircraft. The whole data set constitutes a
series with 6815 data points. The sampling time was 30 s,
and the duration of each flight was typically 3–5 hours.
Some spurious observations at the beginning and end of
some flights were removed manually, so that we were left
with 6581 observations, recorded during a total of about
55 hours of flight time. The flight tracks are plotted as solid
lines in Figure 1. Four flights were between Barrow and the
SHEBA site, while the other flights were farther east
between Inuvik and Barrow or in the northwesterly direc-
tion out over the sea ice from Inuvik and back again.
[11] The liquid water content (LWC) used in this work,

was obtained from a forward scattering spectrometer probe
(FSSP [Lawson et al., 2001]). Observation of the LWC were
collected with three different instruments (FSSP, King’s
probe and Nevzorov probe) during the flights. Analysis of
the data reveal (not shown) good agreement between FSSP
data and King’s probe data, while less correlation was found
between King’s data and Nevzorov data. The ice water
content (IWC) was obtained from a Nevzorov LWC/TWC
(total water content) probe [Korolev et al., 1998, 2003].
Since the Nevzorov probe occasionally gave zero IWC
when measurements with a Cloud Particle Imager (CPI)
showed a large number of solid particles, the Nevzorov
IWC data were adjusted through the use of observed CPI
particle size distributions. We obtained this adjustment by
establishing a tuning formula for periods in which both the
CPI and the Nevzorov probes were believed to produce
high-quality data. The tuning formula was then used to fill
the gaps where the Nevzorov probe failed. Details about this
adjustment procedure are given in Appendix A.
[12] Observational values of LWC and IWC below

0.0001g/kg were considered as clear air measurements. This
very low threshold for distinguishing between clear and
cloudy conditions was chosen in view of our primary goal,
which was to compare observations with model results. A
saturated grid box was considered to be cloudy even for
cases in which the water content could be very low
(>0.0001g/kg), because at the outset we knew little about
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the quantitative water content produced by the model. A
scatterplot of the FSSP and King’s probe LWC did not
indicate any systematic errors in the FSSP data, unlike
the systematic errors reported by Lawson et al. [2001] for
the following FIRE.ACE period (May–July 1998). In the
literature no absolute threshold is defined for the condensed
phase required for ‘‘cloud onset,’’ and a consensus defini-
tion of the error is currently lacking. As pointed out by
McFarquhar and Cober [2004], the threshold adopted
should depend on the question being addressed. Lawson
et al. [2001] reported that even though the uncertainty in the
LWC might be high, the FSSP nearly always gave zero
values for clear air, and was concluded to be the best probe
to use to identify cloud boundaries. However, false LWC
signals in pure ice clouds were observed by all available
probes (both in our work and in the work by Lawson et al.
[2001]), and seem to be a general problem that should be
addressed in future field experiments. For the definition of
ice clouds the corrected IWC Nevzorov data are nonzero
simultaneously with the CPI data, and therefore should be
reliable.

3. MM5 and Experiment Design

[13] The polar version [Bromwich et al., 2001; Cassano et
al., 2001] of the nonhydrostatic mesoscale model MM5
from the National Center for Atmospheric Research
(NCAR) was used for the numerical simulations. The
MM5 accommodates multinested domains, and various

physical parameterizations. For a detailed description see
Dudhia [1993] and Grell et al. [1994].
[14] For the present study, the model was configured with

one domain covering Alaska and parts of the Arctic Ocean

Figure 1. MM5 model domain (10 km grid resolution, 1750 km � 1550 km) covering Alaska and parts
of the Arctic Ocean. The colored contours show cloud water content (g/kg) about 1.3 km above the
surface on 16 April 1998 at 2300 UTC. The locations of Barrow, Inuvik, and the SHEBA site in April 1998
are marked with stars and names. The white lines show the flight tracks for all 15 flights. Four flights
were over the SHEBA site. The other flights were closer to the coast between Barrow and Inuvik. The
square shows the area used to compute model volume values (Figure 6).

Table 1. Number of the Different Flights Used in This Work,

Corresponding to the Labels Found in the FIRE.ACE Mea-

surements Web Site (http://eosweb.larc.nasa.gov/ACEDOCS/ace_

measurements.html)a

Flight April UTC Tot CF% MPC% PWC% PIC%

01 08 1900–2200 249 56 4 17 79
02 09 2000–2300 300 39 51 22 26
05 15 1900–2300 482 56 68 1 31
07 16 2000–0100 479 59 30 7 63
08 17 1800–2300 497 60 23 13 65
09 18 0000–0400 369 14 2 4 94
10 21 1600–2000 381 65 65 1 34
11 21 2100–0200 504 55 43 4 53
12 22 2200–0100 355 83 76 2 22
13 24 1900–2300 433 51 59 7 34
14 25 2000–0000 537 61 61 11 28
15 27 1900–2300 509 54 52 20 28
16 28 1600–2000 500 41 55 3 42
17 28 2200–0300 508 31 42 13 45
18 29 1900–2300 478 41 44 6 50
aTot gives the number of data points obtained during the flight. CF gives

the number of cloudy data points divided by the total number of data points.
MPC, PWC, and PIC give the numbers of data points for respectively
mixed phase clouds, pure water clouds, and pure ice clouds divided by the
total number of cloudy data points.
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(Beaufort and Chukchi Seas) as shown in Figure 1. The
horizontal grid resolution was 10 km, and the area covered
was about 2.7 � 106 km2.
[15] The vertical pressure coordinate is defined as s =

(p0 � pt)/(ps0 � pt), where p0 is the initial reference state
pressure, ps0 is the initial surface pressure, and pt is a
specified constant pressure at the top of the model domain.
Thus s is independent of time. The simulations were
performed with 33 vertical levels, where the lowermost
level for the main prognostic variables was set at about 16 m
above the ground. The vertical grid spacing gradually
increased with height, with 14 levels in the lowest 1 km,
and the top level was set to 50 hPa. The positions of the
levels in meters above the surface were: 16 (level 33), 43,
64, 87, 117, 156, 204, 259, 326, 405, 505, 619, 754, 912
(level 20), 1103, 1328 (level 18), 1600, 1945, 2296
(level 15), 2743, 3293, 3907, 4565, 5208, 5901, 6655,
7480 (level 7), 8395, 9424, 10606, 12001, 13720, 16006.
[16] In the present study the following physical parame-

terizations were applied: microphysics with cloud water,
rain, ice, snow, graupel mixing ratios and number concen-
tration of ice particles as prognostic variables, based on the
Reisner 2 scheme [Reisner et al., 1998; Thompson et al.,
2004], the CCM2 radiation scheme [Hack et al., 1993] a
1.5-order turbulence parameterization [Janjic, 1994], a
snow/soil surface model that predicts the temperature in
seven layers using a vertical diffusion equation, an upper
radiative boundary condition [Grell et al., 1994], and
relaxation zone lateral boundary conditions. Cumulus con-
vection was neglected in the present model simulations.
[17] The model was initialized with analyses of upper air

and surface data from ECMWF, and lateral boundary values
were included every 6 hours during the simulation. Sea ice
was initiated whenever the sea surface temperature (SST)
was below 271.4 K. The time step was 30 s and output was
taken every hour.
[18] Each numerical simulation started either at 0000 UTC

or 1200 UTC (flights 9, 11, and 17) and lasted for 27 hours.
Model values selected at the actual hour of measurement
correspond to a prognostic time of between 9 and 25 hours,
allowing for a model spin–up (dates and flight times in
UTC can be found in Table 1.)
[19] Since MM5 uses ECMWF analyses (not prognosis as

used in weather prediction) at lateral boundaries, the MM5
simulations might be considered as a dynamical downscal-
ing of the analyses, and therefore the synoptic-scale circu-
lation should be the best possible. Except for some data
points in the stable boundary layer (SBL), we found that the
MM5 model produced realistic structures of the circulation
(not shown). Thus the MM5 prognosis should be a good
starting point for our investigation of physical processes,
concerned with clouds, water phases, and radiation, not
included in the ECMWF analyses.

4. Comparison Between Measurements and
Simulated Data

4.1. Method

[20] In the following, data from 15 separate flights will
be treated as one data set. The problem of how to
compare in situ point measurements with mean grid
box values from a numerical model has been treated in

several ways [Guan et al., 2001]. For slowly varying
fields with low variability the results may not be sensitive
to the method used for comparison, but with the vari-
ability in the cloud field as seen in Figures 1 and 2, it is
evident that the method of comparison may influence the
result. Here we examined five different methods for such
comparisons. In the first method, the time, latitude,
longitude, and altitude of each single measurement point
were collected. Values from the hourly 3-D model output
field were then interpolated (horizontally and vertically)
to these observation points along the flight track (a point
by point comparison). In the second method, we clustered
observations within each 3-D grid box to compute mean
values. The cluster-mean values were then compared with
the model values in the corresponding grid box. In
methods 3, 4, and 5 we followed the same procedure
as in the second method, except that instead of computing
the mean values from each observation cluster, we used
the maximum value, the observation with numerical value
closest to the numerical model value, and the median,
respectively. Typically, 1–10 measurements were within
one grid box, and the total number of data points for
methods 2–5 was reduced to about one third compared to
method 1.

4.2. Data Description

[21] An example of the water content from one of the
MM5 simulations is shown in Figure 1 (see figure caption
for more details), where a hydrometeor field that exhibited
significant spatial variability can be seen. As for the in situ
flight measurements, water contents below 0.0001 g/kg are
assumed to be clear air grid boxes. In Figure 2a the total
water content from all observations (method 1) are pre-
sented (liquid water in red and ice phase in blue). These
observations indicate a scattered and highly variable cloud
fraction, dominated by low TWC values. The overrepresen-
tation of small values are clearly seen in Figure 2b, from
which it follows that 60–70% of the data from method 1
had TWC values between 0 g/kg and 0.01 g/kg. For both
observations and model simulations 10% of the data points
had TWC values above 0.022 g/kg, and the mean TWC
values for these 10% of the data points were 0.069 g/kg and
0.076 g/kg for the observations and MM5 simulations,
respectively, as shown in Table 2. Thus, as far as the
TWC is concerned, MM5 was able to reproduce the main
features found in the measurements. When considering the
liquid and ice phases separately, we find larger discrepan-
cies between observations and MM5 simulations. As seen in
Figure 2c, the LWC produced by MM5 contains a smaller
fraction of data points with small LWC values and a larger
fraction of data points with high LWC values than found in
the observations. From Table 2 we see that the maximum
LWC value produced by MM5 (0.85) is more than twice as
large as that found in the observations (0.38). The distribu-
tion of the IWC produced by MM5 is more similar to that
observed, as seen in Figure 2d. The IWC produced by the
MM5 simulations are generally higher than those found in
the observations, but the maximum IWC produced by MM5
(0.08) is only about one fourth of that found in the
observations (0.33). However, the TWC maximum value
produced by MM5 is about twice as high as that found in
the observations (Table 2).
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[22] If we define cloud fraction (CF) as the number of in-
cloud data points divided by the total number of data points,
we find the cloud fraction to be 53% in the model output,
and to lie between 51% to 58% (dependent on the method
used for the comparison) in the observations, as listed in
Table 3. Although the total cloud fraction is comparable
between observations and MM5 simulations, the partition-
ing between LWC and IWC found in the observations is
quite different from that produced by MM5 simulations.
Thus, independent of the method used for the comparison,
the number of data points with LWC is systematically larger
in the observations, both in pure liquid clouds and in mixed
phase clouds, as shown in Table 3. In contrast, the cloud
condensate produced by MM5 is overrepresented by pure
ice clouds. Both the cloud fraction and the partitioning
between cloud condensate phases are very sensitive to the
threshold value used to define in-cloud observation (see
Table 4). As the number of in-cloud observations decreases
because of increased threshold value, the relative occur-
rence of pure ice clouds decreases since the IWC values
generally are lower than the LWC values (Table 2).

[23] In Figure 3 the fractions of liquid phase (LWC/TWC)
and ice phase (IWC/TWC) for mixed phase clouds are
plotted against temperature, for observations as well as
MM5 simulations. The observed fraction of ice is seen to
be systematically higher than the fraction of liquid. The
most obvious difference between observations and MM5

Figure 2. (a) Liquid water content (g/kg) (red) and ice water content (g/kg) (blue) for all 15 flights.
Flight numbers are given on the x axis. Distributions of observed (solid line) and simulated (dashed line)
(b) total water content, (c) liquid water content, and (d) ice water content.

Table 2. Observations and MM5 Simulations of the TWC, IWC,

and LWCa

CF, % 10% Mean Max

Observed TWC 51 0.022 0.069 0.42
MM5 TWC 53 0.022 0.076 0.84
Observed IWC 47 0.011 0.034 0.33
MM5 IWC 53 0.018 0.029 0.08
Observed LWC 29 0.006 0.041 0.38
MM5 LWC 6 ��� ��� 0.85

aThe column CF gives the percentage of data points where the TWC,
IWC or LWC exceeds 0.0001 g/kg. The column 10% gives the value of the
TWC, IWC or LWC such that 10% of the data points have values above
that given in the column, and the columns mean and max give the mean and
maximum values for these 10% of the data points.
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simulations is that mixed phase clouds produced by MM5
only appear below 2 km where the temperature is relatively
high. For temperatures below 255 K the liquid phase is
completely absent in MM5 simulations. In the observations
on the other hand, the liquid phase is found in the full
temperature range. This finding is in agreement with earlier
studies in which the liquid and ice phases were observed to
coexist down to 233 K. Thus, during the SHEBA experi-
ment liquid was found in lidar depolarization measurements
at temperatures as low as 239 K [Beesley et al., 2000;
Intrieri et al., 2002]. The obvious error in the LWC seen
below homogeneous freezing (233 K) was also found (not
shown) when analyzing data from the other LWC probes,
and is the same finding as reported by Lawson et al. [2001]
(all available probes wrongly reported liquid water in pure
ice clouds). It is also interesting to note that there are two
clusters of data points (one close to 255 K and the other
close to 265 K) with high fractions of liquid water (between
0.9 and 1) in both data sets. The dots connecting the solid
line in Figure 3 (left) show the mean fraction of ice in each
5 K temperature interval from 230 K to 275 K. The fraction
of ice is not a unique function of temperature, but a marked
change is seen around 250 K, where the fraction of ice
drops from roughly 70% to 50% as the temperatures
increases. The dots connecting the broken line in Figure 3
(left) show the mean fraction obtained when including pure
ice clouds as well as water clouds. As seen in the top right
corner in Figure 3 (left), some pure ice clouds appear at high
temperatures probably because of solid precipitation falling
from above.
[24] Figure 4 (right) shows the mean fraction of ice in

mixed phase clouds for several temperature intervals, each
of width 5 K. Mean fractions of ice in mixed phase clouds
are presented for three different threshold values for the
total water content. From Figure 4 (right) we see that the
fraction of ice is high irrespective of the threshold value as
long as the temperature is below 250 K, while it is quite
sensitive to the threshold value for temperatures above
250 K.
[25] Figure 5 shows the frequency distribution of the

fraction of ice for 5 different temperature intervals. As also
found by Korolev et al. [2003], the frequency of occurrence
has a minimum between 0.2 and 0.5 and a maximum below
0.1 and above 0.9. We note that the frequency of the fraction
of ice between 0.9 and 1 increases as the temperature

decreases, except for the temperature interval 265–275 K,
where some observations of pure ice (probably precipitating
snow particles) appear in the data set. From lidar measure-
ments Beesley et al. [2000] found ice particles (probably
snow) to be quite common at temperatures close to 0�C. The
maxima of the frequency distribution below 0.1 and above
0.9 are reproduced by MM5 simulations, as seen in Figure 5
(right).
[26] We analyzed MM5 simulations for a volume of the

model domain in order to determine whether the cloud
fraction and the partitioning between different types of
clouds found along the flight track were representative for
a somewhat larger model domain. In Figure 1 the horizontal
extent of the model domain is shown as the square. Vertical
levels below 8000 m were included to cover the domain
spanned by the observations. When method 1 was applied
to obtain MM5-simulated data along the flight track, we
found 53% of the simulated data points to be cloudy,
whereas 51% of the observation points were cloudy. From
the corresponding mean volume values, shown in Figure 6a,
we see that the mean number of cloudy grid boxes was
relatively constant (38–51%) during the simulation time.
However, there was a considerable variability between dif-
ferent simulations (not shown), as indicated by the dashed
lines for maximum and minimum values in Figure 6a.
[27] In most simulations the number of grid boxes with

mixed phase clouds increased slightly with integration time.
As seen in Figure 6b, the mean value (over simulations) for
the relative amount of mixed phase clouds varied between
10% and 32%. This indicates that the fraction of 10% of
mixed phase clouds found in the MM5 data along the flight
track is somewhat lower than comparable values from a
larger volume. However, also the percentage of mixed phase
clouds found in a larger model volume is far from the 50%
mixed phase clouds found in the observational data. In
Figure 6c the mean (over all flights) vertical distribution of
the different cloud condensate phases are plotted as mean
level values. A maximum of mixed phase clouds is found
below 500 m. We also note that mixed phase clouds are not
totally absent above 2 km (level 15) as they were in the
flight track data. However, according to the MM5 simula-
tions the fraction of ice above 2 km is close to 1. In
Figure 6d the observational data are plotted as a function
of the vertical level, showing a maximum in mixed phase
clouds below 1 km. Thus the modeled maximum below
500 m corresponds to the observations, while the second
maximum in the observations around 2700 m is absent in
the model data. (Note that Figures 6c and 6d are not directly

Table 3. Observed and Simulated Cloud Data Obtained Using

Five Different Methods Explained in the Texta

CF, % MPC, % PWC, % PIC, %

All (6581) 51 49 8 43
Average 57 53 5 42
Maximum (2297) 58 53 4 53
Nearest (2297) 52 46 8 46
Median (2297) 55 51 5 43
MM5 (6581) 53 10 1 89
MM5 (2297) 53 9 0 91

aCloud fraction (CF), fraction of mixed phase clouds (MPC), pure water
clouds (PWC), and pure ice clouds (PIC) computed for a threshold value for
the TWC of 0.0001g/kg. The numbers in parentheses give the number of
data points.

Table 4. Observed Cloud Fraction (CF), Fraction of Mixed Phase

Clouds (MPC), Pure Water Clouds (PWC), and Pure Ice Clouds

(PIC) for Different Threshold Values for the TWC

All (n = 6581) CF, % MPC, % PWC, % PIC, %

Threshold = 0.0001 51 49 8 43
Threshold = 0.001 44 57 9 34
Threshold = 0.005 26 75 9 16
Threshold = 0.01 18 77 11 12
Threshold = 0.03 8 71 20 9
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