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Identification via satellites: “I’ll know it when | see it”
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Antarctic sea ice zone on 16, Sep 2017 East Antarctic heat wave, 17 Mar 2022

Credit: NASA https://worldview.earthdata.nasa.gov/
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Identification in models/gridded datasets: ARDTSs

ARDTs (Atmospheric River Detection Tools)

1° Grid AR via IVT March Example

480
For polar locations, meridional-dominant is necessary

420 to capture ARs on the ice sheet
360 Wille et al. 2019, 2021, Shields et al. 2022. focus on meridional
geometry; 98" percentile vIVT (relative to climatology)
300 o
© vIVT = surface (q Vh) dp
240 E
This is different from most global ARDTs equally weight
- zonal and meridional moisture transport and fluxes.
-120 1 ~Pt
IVT—-E o (qVv,) dp
60
1 (Pt
- IWV = 5 P qgdp

where V, =U and V represent zonal and meridional
components of the horizontal (;,) wind
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Dynamical Drivers

a Multilevel atmospheric river (AR) dynamics

. Latent heat release
reinforces upper-
level high pressure
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AR airstream cyclogenesis via

PV anomalies

Divergence and lift
strengthens surface
ower troposphere cyclone
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Near surface

Antarctic coast

40°S 55°S 70°S

I AR moisture convergence [l AR moisture divergence i AR precipitation Evaporative moisture source

Wille et al., NREE, 2025

Surface and upper level feedbacks
strengthen AR and impacts, synoptic
scale

Often associated with cyclone
dynamics

Important mesoscale processes
connected to mountain
meteorology
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a 1980-2020 Climatology
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b 1980-2020 Trends by basin

Significant positive
trend in AR frequency

Significant positive
trend in both AR
frequency and AR
precipitation

@) 10 20
AR frequency trend (%)

30

AR Trends by Basin

MERRA-2
Large differences by region

Hotspots in both West and East
Antarctica but different processes

Wille et al, 2025, Maclennan et al 2022.
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AR Occurrences in CESM2-LE, biases

Maclennan et al., Communications Earth and Environment, in revision, 2025




AR Occurrences in future climate in CESM2-LE

2066-2100 — 1980-2014

Maclennan et al., Communications Earth and Environment, in revision, 2025

35

30
25
220
>15
=10

05

0.0

40 ensemble members

2020 2030 2040 2050 2060 2070 2080 2090 2100
Year




AR precipitation

Snow and Rain

Maclennan et al., Communications Earth and Environment,



Maclennan et al., Communications Earth and Environment, in revision, 2025

Different
seasonal
responses

Different
mechanisms




Summer

v/ Easiest to
interpret

v AR
occurrences
follow low
level
meridional
wind trends

Maclennan et al., Communications Earth and Environment, in revision, 2025




1° Grid AR via IVT March Example

€ Cyclone dynamics

Summary
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Antarctic coast
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West Antarctica East Antarctica

Africa
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Antarctic geography

SOET 90°E

-12Q°E :-' Y < > 120°E

Australia

TNNCAR (®)ENERGY

Office of
Science




Snowfall and atmosph;fic
river landfall
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Enhanced longwave
radiation and melt pondmg

Firn air depletion

Ocean swell-induced
ice shelf flexure

Wille et al., NREE, 2025
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Melt water
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Seaice melt and

seaice breakup
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AR impacts via
precipitation,
winds, and
radiation onto
ice sheet and sea

Ice

¢/ Rain (warm) snow (cold)

Melt or accumulation

v/ Meltponds, runoff, firn
structure
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Meridional ARDTs — Global ARDTs

a) Wille - ARTMIP b) Wille - P-ARTMIP
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Now via MERRA-2: Precipitation by drainage basin and interannual variability
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(a) AR precipitation relative to total average precipitation
(b) AR precipitation contribution to interannual variability of total precipitation
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