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Motivation and Outline
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• Even though extensive investigations of clouds have been carried out, their effect on future 
climate predictions still poses one of the largest uncertainties.

• Interhemispheric in situ observations of clouds measuring the aerosol and cloud properties 
with the same instrumentation in the southern and northern hemisphere are rare but very 
valuable to improve the knowledge of global cloud properties and processes.

• This study presents a novel algorithm for in situ cloud detection and cloud phase classification 
as well as a dataset of global in situ cloud phase observations.

The following table presents the structure of this presentation.
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Second generation Cloud, Aerosol, and 
Precipitation Spectrometer (CAPS)
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CAS-POL CIP

Component 1: Cloud and Aerosol Spectrometer with 
Polarization Detection (CAS-POL):
Size of aerosol and cloud particles between ca. 0.5 and 
50 µm.

Component 2: Cloud Image Probe (CIP):
Shadow images of aerosol and cloud particles from
15 to 930 µm.
laser beam 930 µm

CAPS is the central instrument for coarse-mode 
aerosol and cloud particle measurements in this 
study and was deployed in all presented campaigns.



NASA DC-8 DLR Falcon

Combined dataset: ATom and A-LIFE
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A-LIFE (DLR Falcon)
https://a-life.at/
Dataset of approx. 80 h of in situ 
measurements in absorbing aerosol 
layers and clouds.
Coordinated ground-based in situ and 
remote sensing measurements.

ATom (NASA DC-8)
https://espo.nasa.gov/atom/content/ATom
Unbiased sampling of approx. 700 
different meteorological, trace gas, 
aerosol and cloud parameters.
Flights in each of 4 seasons: 
ATom-1 (Jul-Aug 2016)
ATom-2 (Jan-Feb 2017)
ATom-3 (Sep-Oct 2017)
ATom-4 (Apr-May 2018) 
Approx. 600 vertical profiles between 
200 m und 13 km.
Aerosol- and cloud particle 
measurements up to approx. 1 mm.

ATom: Atmospheric Tomography Mission
A-LIFE: Absorbing aerosol layers in a changing climate: aging, lifetime and dynamics

https://a-life.at/
https://espo.nasa.gov/atom/content/ATom


Global sampling time
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Combining of ATom and A-LIFE measurements provides global dataset with 
nearly complete cover of all latitudes between ground and 13 km. 

• ATom and A-LIFE dataset 
cover altitudes up to 13 
km between Antarctica 
and Arctic.

• Intensive sampling in 
altitudes below 500m 
and between 8 and 
12km.

• Concentrated sampling 
of vertical column over 
the Mediterranean Sea 
during A-LIFE (orange 
box).

A-
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UNIVIE CAPS cloud indicator
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Parameters of clouds useful for 
cloud detection and classification:
• Relative humidity

(RHice and RHwater)
• Particle size and particle 

concentration
• Shape of particle size 

distribution
• Temperature
• Shape of cloud particles

CAPS cloud indicator

CAPS cloud indicator automatically detects and classifies clouds in three types: Liquid, Mixed-Phase 
Temperature Regime (MPTR) and cirrus. Sequences fulfilling only a subset of the classification 
criteria are categorized as Aerosol-Cloud Transition Regime (ACTR).



CAPS cloud indicator – example
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2) Liquid, 10:45:26

3) Cirrus, 11:32:51

1) MPTR, 10:36:35 
1 2 3

Presented time series (left) shows 
relevant parameters used by the 
cloud indicator algorithm and the 
detected and classified clouds. 
Images from CIP (right) 
corresponding to red boxes 1-3 in 
the time series confirm classification. 

ACTR: Aerosol Cloud Transition Regime
MPTR: Mixed Phase Temperature Regime



CAPS cloud indicator – dust case
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ACTR: Aerosol Cloud Transition Regime
MPTR: Mixed Phase Temperature Regime

1 2
1) MPTR, 15:45:00 

2) Dust Aerosol, 15:55:22 

Figure on the left presents 
measurements in a dust layer during 
A-LIFE. Red box 1 indicates a 
sequence inside a cloud, classified as 
MPTR. CIP image 1 verifies the 
classification. Box 2 is a sequence in 
a dust layer with large particles
(d < 20 µm) present, correctly 
classified as cloud-free.



Cloud sampling during ATom and A-LIFE
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ATom
Unbiased sampling of clouds 
(except for deep convective 
systems) above Pacific and 
Atlantic Ocean from the Arctic 
to Antarctic.
In total 53h (12%) of the entire 
measurement time spent in 
clouds.

A-LIFE
Focus on aerosol-cloud 
interaction. Special focus on 
dust-impacted clouds. 
In total 3h (4%) spent in 
clouds.



Cloud phase during ATom and A-LIFE
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• Detected clouds in 
all classes cover 
nearly entire 
latitude range from 
the Arctic to 
Antarctic.

• Detection of clouds 
in the tropics and 
subtropics limited 
due to the limited 
ability of the 
aircraft to measure 
in deep convective 
systems.

ACTR: Aerosol Cloud Transition Regime
MPTR: Mixed Phase Temperature Regime



Cloud dataset RH distribution
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• 2D Histogram of relative 
humidity (RH) and 
temperature (T) of cloud 
dataset. RH with respect 
to water (RHwater) and with 
respect to ice (RHice) is 
shown for T ≥ 273.15 K and 
T< 273.15 K, respectively.

• Cloud dataset covers 
temperature range from 
195 to 300 K.

• RH scatters around 100% 
with a tendency to higher 
humidity for colder 
temperatures.

• Highest in-cloud RH of ca. 
200 % at temperatures 
between 195 and 200 K.
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Summary and Publication

Summary
• Novel cloud indicator algorithm automatically detects and classifies clouds.
• Cloud indicator algorithm successfully distinguishes dense dust layers from clouds.
• Atom and A-LIFE provide extensive dataset for cloud analysis on a global scale.
• Presented global cloud dataset covers temperatures between 195 and 300 K.

Publication in preparation
Global in situ observations of cloud phase during the airborne ATom mission and A-
LIFE field experiment

This work has received funding from the European Research Council (ERC)
under the European Union’s Horizon 2020 research and innovation program
under grant agreement No. 640458 (A‐LIFE) and No. 875036 (ACACIA project).
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