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Leveraging water isotope 
observations to establish 
robust constraints for 
precipitation efficiency 
(PERISCOPE)
PI: F. Aemisegger
@Neumayer

Science focus:
• Aerosol–cloud interactions
• Impact of clouds on surface

energy budget

Tools and key target variables:
• Tethered balloon profiles

Aerosol, liquid and ice water
contents

• Thermodynamic (sub)cloud
layer profiles

Science focus:
• Quantify airborne snow metamorphism
• Assess the impact of ASM on snow 

properties and surface mass balance

Tools and key target variables:
• Snow microstructure
• Blowing snow sampling
• Water isotope composition of blowing 

snow cloud vapour and snow

Impact of newly discovered 
airborne snow metamorphism 
(ASM) on optical grain size and 
isotopic composition of polar 
snow
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ORigin of Antarctic 
CLoud particles and 
their Effects on the 
Surface radiation 
budget (ORACLES)
PI: J. Schmale
@NeumayerScience focus:

• Precipitation efficiency of 
warm-moist intrusions

• Dynamical & microphysical 
controls on conversion efficiency 
and below cloud evaporation

Tools and key target variables:
• Water isotope observations in 

vapour and precipitation as 
tracers for moist processes

• Lagrangian diagnostics in ERA5 
reanalysis, IFS & COSMOiso 
simulations

Cluster Aim: Improve our understanding of precipitation formation 
and surface accumulation in East Antarctica by investigating the multi-
scale processes that control large-scale moisture transport, cloud 
formation, and blowing snow metamorphism.

Ferrone et al. 2023 TC

Conceptual model of the interactions between the 
dry downslope wind layer and the complex terrain 
influencing virga and precipitation occurrence at 
ground level in the vicinity of PEA station in 
Dronning Maud Land.

Sublimation-deposition cycles 
involved in ASM leading to 
water isotope fractionation

Warm front

Conld front

time

Surface dew
formation

Isotope phase space
and fingerprints of
moist processes

Cloud 
formation

Surface
evaporation
(decreasing
flux)

Thurnherr and Aemisegger
et al. 2022 ACP

D
eu

te
riu

m
 e

xc
es

s

Isotope fingerprints (here, deuterium excess, d=δ2H-8δ18O) of
moist processes in frontal clouds in the Southern Ocean with
COSMOiso
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Interaction of cloud and precipitation 
formation processes with topography
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@ Troll

L H

Large-scale dynamics
of moisture cycling 

Mesoscale interactions
with topography

Microscale
physics

Neumayer
Troll

Science focus:
• Influence of orography on the 

enhancement, redistribution and 
sublimation-induced recycling of 
clouds and precipitation

• Dominant microphysical 
processes for different synoptic 
forcing conditions in complex 
orography

Tools and key target variables:
• Multi-frequency radar (X-, Ka-, and 

W-band) 
• Spectral analysis of cloud and 

precipitation microphysics
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