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CONTRIBUTION OF ICG 1 TO VI-ACI

• H2O measurements (FISH, OJSTER, SHARC)
WP L1: AIDA experiments

• freezing thresholds of different aerosol types

• H2O partitioning in cirrus life cycle

• H2O modelling
WP M1/2: Process-oriented modelling/Cloud modelling

• Employ cirrus parametrizations from
AIDA measurments in models

• Model - field observation closure studies of
cirrus life cycles
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FREEZING THRESHOLDS

Comparison of lab with field mesurements

AIDA ice clouds
INCA Midlat Cirrus

Punta Arenas, Outside cirrus

the threshold for at least 4 consecutive seconds. Otherwise
the data point was rejected. The 4 seconds used are
compatible with the time response of the hygrometer and
represent mean cloud parcels of about 700 m. The ascents
and descents to and from the measuring altitude have been
excluded in the analysis to avoid fast changes in the
humidity due to vertical layering. After data reduction,
two data sets remained: Punta Arenas, where 42% of the
data are outside cirrus, 44% inside cirrus, and 14% rejected;

Prestwick, where 59% of the data are outside cirrus, 28%
are inside cirrus, and 13% rejected.

3. Results and Discussion

[5] Figure 2 shows the RHi data obtained during SH and
NH campaigns as a function of temperature, for in-cloud
and out-of-cloud cases separately. Included in the figure are
the liquid saturation curve and a line representing a thresh-
old for homogeneous freezing nucleation of micron sized
solution droplets, derived by Koop et al. [2000]. There are
frequent occasions where the humidity exceeds ice satura-
tion and approach the homogeneous nucleation threshold in
cloud free air as well as inside cirrus clouds in both
hemispheres. Inside clouds, some RHi data even exceed
water saturation. These data refer to single events of short
duration and large associated increases in water vapor, and
could be artefacts possibly from ice crystals accumulating
and evaporating in the instrument inlet. They clearly reflect
very exceptional situations but were not removed from the
data set for further analysis. As they represent only 1% of
the whole data set inside cirrus, they have very small weight
in the global analysis that is done here.
[6] The frequency distribution separately for NH/SH and

in-cloud/out-of-cloud cases, are displayed on Figure 3 as
histograms. Outside clouds, the distribution of data is, to
some extent, related to the occurrence of cirrus during the
measurement flights, as the global cirrus coverage encoun-
tered during the two campaigns was different. The distri-
bution for in-cloud cases both peak at RHi = 100% that is
equilibrium as one would expect. However, measurements
showing supersaturation occurred more often in SH than in
NH. For further analysis of the in- cloud RHi distributions
the data were divided into a warm (temperature T > �40C)
and a cold (T < �40C) regime. In the warm regime the RHi
distributions for both hemisphere are rather similar and
fairly symmetric around RHi = 100%. However, in the cold
regime, where only aqueous solution droplets can exist in

Figure 1. Measurement Inside a thick cirrus cloud from
Punta-Arenas, Chile. RHi and RHw are respectively the
relative humidity with respect to ice and with respect to
liquid water. Here, RHi remains around 100% in the large
altitude range investigated, Z (upper panel), as the mixing
ratio varies between 50 and 2000 ppmv and the air
temperature varies between �20 and �50C (lower panel).

Figure 2. Relation between Relative humidity/ice and the air temperature: Inside cirrus, in SH (plate a) and in NH (plate b).
Outside cirrus in SH (plate c), and in NH (plate d). On each plate are shown, the level for saturation with respect to liquid
water (line A) and the homogoneous ice nucleation level from Koop et al (line B).
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Comparison of lab with field mesurements

AIDA ice clouds
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SUPERSATURATIONS INSIDE ICE CLOUDS

Comparison of lab with field mesurements

AIDA ice clouds
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AIDA wall effects?
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SUPERSATURATIONS INSIDE ICE CLOUDS

Comparison of lab with field mesurements

AIDA ice clouds
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SUPERSATURATIONS IN AIDA ICE CLOUDS

Temporal evolution

Homogeneous freezing
H2SO4-H2O-particles

high NiRi (500-1000 µm
cm3 )

Heterogeneous freezing
Soot particles

low NiRi (50-500 µm
cm3 )
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OBSERVATION BASED FIRST CIRRUS PARAMETERIZATIONS

FOR USE IN MODELS

Freezing thresholds
from AIDA ice clouds

Number of ice crystals:
from IWC climatologyIWC(T)

Temperature (K)

Nice(T)

Temperature (K)

from
IWC mean:
Rice= 5µm
Rice=10µm
Rice=20µm

FSSP data

Ice Water Content

climatology from FISH ⇒

IWC(T)

Temperature (K)

Nice(T)

Temperature (K)

from
IWC mean:
Rice= 5µm
Rice=10µm
Rice=20µm

FSSP data
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CIRRUS IN CLAMS @ ICG 1

CHEMICAL LANGRANGIAN MODEL OF THE STRATOSPHERE

CLaMS simulation

Transient run, first cirrus parametrization

Particles: coated soot, mean Nice
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CIRRUS IN CLAMS @ ICG 1

CHEMICAL LANGRANGIAN MODEL OF THE STRATOSPHERE

CLaMS simulation CRISTA-NF cloud observations
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OBSERVATION-MODEL CLOSURE STUDIES

WITH DETAILED PROCESS MODEL (COOP. AIDA MODEL GROUP)

CR-AVE 2006, Costa Rica

Supersaturation Nice Rice

Best scenario: heterogeneous freezing (coated soot), etc.



INTRODUCTION PREVIOUS WORK → MEASUREMENTS → MODELLING SUMMARY + OUTLOOK

OBSERVATION-MODEL CLOSURE STUDIES

WITH BULK MICROPHYSICS MODEL, ETHZ

CIRRUS-II 2004, Northern Germany

Einleitung Wassermessung Globale Betrachtung Zirrus-Fallstudie Zusammenfassung *

CIRRUS 2004, 24.11.2004

Säulenkühlung - Ergebnisse 1
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SUMMARY + OUTLOOK

• H2O measurements during AIDA lab campaings

• Relative humidities in AIDA ice clouds

• Freezing thresholds and ice nucleation rates
→ new cirrus parametrizations

• Employ + test parametrizations by
model - field observation closure studies
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