Characteristics of Convective Clouds Observed During the Ice in Clouds Experiment — Tropical (ICE-T) Field Campaign
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Abstract 2. Methodology /\ std dev

avg
Droplet Size | 15.5041| 2.42794

- Model Data
| <2500 2500-5000 >5000

Conveatis cIouds.are an ImpoitaiEe e Of we.ather : Analysis of these clouds began with an examination of clouds from the Concentration | 16.942| 14.5961 | Droplet Size (um 16.1281
thro.u.ghout t.he e[pIIEs an.d.the. Jale Co.nvect.|0n - th-e LIORIS: forward camera onboard the C-130 aircraft. With this, the time of each Rain Size 166.734 Concentration (cm-3)  71.2603 | 72.1382 | 46.3911
significantly impacts precipitation over this region, is trimodally : : : .. Concentration 5.10396 —

. , : : convective cloud penetration was identified. Edges of clouds and stratus type Updraft 3.56647 Rain Size (um) 173.899
d|str|bute.d, and mﬂugnces the general circulation (Johnson et al. clouds were not included in order to isolate cumulus type clouds. Using a LWC 0.08644| 0.09643 Concentration (L-1) 20.2765
1393). IvisithereicieiuEE I better.understand i , requirement of liquid water content greater than 0.01 gm-3, the portion of WC (gm-3) 0.428465
Canrecehy represent thesg types oiiclotdsiniSiEEa i reglf)nal the identified penetrations as ‘cloud” was examined. The data was then Droplet Size | 14.1819| 3.30575 Updraft > 0 (ms-1) 0.306542
models. In-situ observations are very useful to compare with analyzed by altitude and by research flight. The data used was collected from Concentration| 27.7471| 24.5793 Updraft > 1 (ms-1) 1.53343
models in order to evaluate how accurately clouds are being the Forward Scattering SpectromeiaiPiabeliE. LRl R e R Rain Size | 446.882| 167.183 Table 1: Similar values to those found in this study from cumulus
represented. This study examines growing cumuius ang Precipitation probe (2DP), and the PMS-King liquid water content probe. GPS SOZ:::ttratlon 5.77948 i':ﬁg: congestus clouds in cloud resolving model simulations.
cumulus congestus clouds sampled during the Ice in Clouds corrected wind velocit w’as (oot P 0:18454 0:23317 ]

Experiment — Tropical (ICE-T) field campaign. Clouds were ) ' 3. Results (COntIHUEd)

selected for this study by using the aircraft forward camera used
during the experiment flights, and a definition of cloud, based on
liquid water content. Penetrations through stratus clouds and
cloud edges were not included, in order to specifically isolate
cumulus and cumulus congestus. Statistics include the mean,
standard deviation, minimum, and maximum values of several
variables per penetration, per level above cloud base, and per
day.

The specific variables examined in this study are cloud Figure 2: Average and standard deviation values over
droplet number concentration and diameter, rain droplet ' 2 Liquid Water Content (gm) ' several altitudes of the 6 variables considered in this

study.

| average |std dev ( C. The relationship between LWC and updraft speed due to
Droplet Size 11.3273| 2.80012 supersaturation is shown (Fig. 4). The correlation between these

Concentration 48.6537 | 44.6727

Rain Size 74.736| 196.51 two variables is rel.atlvely consistent throughout the cloud.
Concentration | 0.00498| 0.02361] fumberof D. The LWC found in these clouds is much smaller than the

Updraft predicted adiabatic value, with the highest percent of predicted
LWC 0.08518 LWC being less than 50% (Fig. 5).

g — E. The results found here can be compared to cumulus congestus
clouds from recent cloud resolving model simulations (CRM)
(Sheffield et al. 2012) (Table 1). In the model simulations, cloud
droplet size and concentration, as well as rain droplet
o concentration, LWC, and updraft speed are relatively constant
m2s00.s000m 3. Results from the lower to the middle portion of the cloud then decrease

B B 2t onsiderad in this study: cloud to the top, as a general trend. Rain droplet size tends to

droplet size (um) and number concentration (cm?) decrease at a more constant rate per level with increasing height.

L (FSSP-100 data), rain droplet size (um) and number While it is not expected that the observed and modeled values

4 e ) ) DP duta). updraft speed (m ) should closely compare, as the simulations are conducted for a
o R#=0.52074 ’ ’

- T Sry—— and liguid water content (LWC, g m?) (PMS-King different environment using different soundings, it is useful to

N o o] note that they are similar in magnitude.
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number concentration and diameter, updraft speed, and liquid
water content. The vertical profile of each variable above cloud
base was examined, as well as the relationships between the
variables. Rain drop number concentration and diameter,
updraft speed, liquid water content, and cloud droplet diameter
are found to increase with height, while cloud droplet number
concentration is shown to decrease. Liquid water content is also
compared to predicted adiabatic values. Finally, the statistical

® <2500 m

B 2500-5000 m -

>5000 m

y = 0.009x - 0.0577
R? =0.72528

y = 0.006x - 0.0172
R2 =0.84474

Liquid Water Content (gm?)
o 3
quuéd Water Sgontent (5m )
(0]

results of the study are compared to cloud resolving model 100 150 200

5 10 15 20 25

1 1 loud Droplet Concentration (cm-3) oud Droplet Diameter (um J . .
output of similar congestus clouds. Cloud Droplet Concentrati Cloud Droplet Diameter (um) A. Among these variables, all tended to increase with

. oo height except for cloud droplet number concentration 4. Conclusions
.:500_5000 - = 2500-5000 m (Fig. 2). The standard deviation per level for each : : :
-s000m : . : * Congestus cloud properties are inter-related in complex ways
>5000 variable was large, with the exception of cloud

o

that are not yet completely understood and thus is an area of
ongoing research.

* Observational research into the interaction and variability of
these properties is important for the development and validation

droplet size. Entrainment is an important process in
creating this variability.
B. Increasing updraft speeds with height are

L 4
y =0.3731x + 0.1095
R? =0.32517

]
|
y = 0.0385x + 0.0714
m. R2 = 0.14

y = 0.0006x + 0.0
R? =0.20202

Liquid Water Content (gm)
(@)
Liquid Water Content (gm3)

?;:gsla;eigcvrvelj;:;gzcreerizilj:a;ygg\\/’\;Iltuhezi:ﬁhtg’a b) of cloud microphysical parameterization schemes.
e Al a4 This n%a B easin to form cloud dro Iefs. - ' e Correct representation of the various cloud properties
raindrop Concentration (1] 7d%rop % neter {00, 1000 1200 Y _ P observed in this study in CRMs is important so that the models
may eventually become rain. However, this study
: o e : can better represent cloud processes.
Figure 1: (left) Photo of a cloud Figure 3: Values of a) updraft speed and b) LWC with altitude above cloud found no statistically significant correlation between
sampled during ICE-T from the base for each research flight. Separated by 3 altitudes bins, c) cloud drop these variables, especially liquid water content and B—
C-130 aircraft (above photo) concentration vs. LWC, d) cloud drop diameter vs. LWC, e) rain drop rain droplet size or number concentration (Fig. 3c-f).
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forward viewing camera. concentration vs. LWC, and f) rain drop diameter vs. LWC.

1. Ice in Clouds Experiment-Tropical (ICE-T)

¢ <2500 m 6500-7000

The objective of the ICE-T mission was to statistically sample ® 2500-5000 m Figure 4 (left): Relationship 6000-6500

. . . O
trade wind cumulus and cumulus congestus clouds during their >>000m between updraft speed and 5500-6000
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