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MOTIVATION & RESEARCH QUESTIONS MONSOON DYNAMICS
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MONSOON HYSTERESIS REVEALS ATMOSPHERIC MEMORY
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What role do meridional gradients play
for the tropical rainbelt?

—— Memory = 19 days

0 3 6 9 12 15 18
Precipitation (mm/day)

on rainfall (mm/day)

Fig. 2: Same boundary conditions (solar radiation = 426 W/m?) are associated with = 1 /
two different monsoon states indicating a memory effect. ' '
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What is the origin of the atmospheric
memory underlying the hysteresis?

Fig. 10: Monsoon on the Monsoon Planet. The real world monsoon dynamics are reproduced on the
Monsoon Planet and are shown here for August.

KEY POINTS

G The Monsoon Planet design provides a framework to study

Fig. 6: Simulations to quantify the memory effect. We
interrupt the natural solar radiation at Augst Ist and set
it to the regional minimum. Rainfall continues for
approx. 19 days when the water vapor content falls
below 35 kg/m?. The water vapor storage needs 57 days
from the intervention before it is fully emptied.

STRATEGY: IDEALIZED SIMULATIONS

Fig. 3: Decreasing the Fig. 4: The hysteresis  Fjg. 5: The simulations are
slab ocean depth (and remains also when taking 5 [Jine with monsoon
thus the ocean memory to account the lower  opservations and a simple

We use strongly idealized setups to focus on the capacity) increases the  boundary conditions  conceptual theory focused
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fundamental meridional monsoon dynamics.

e GFDL-AM2: Preindustrial atmosphere
No Aerosols, 280ppm CO2, 1364 W/m?

 LaD: Idealized Land
Ring of land, grassland, surface albedo of 18.2 %

+ SLAB: Simplified slab ocean PRESSURE BARRIER REGULATES MONSOON WINDS

Baseline configuration: slab depth of 50m Katzenberger, Petri, Feulner, Levermann (2024): Published in Journal of Climate We find this hysteresis in observations, on the Monsoon Planet,
and by a simple conceptual model.

a Seasonal monsoon hysteresis indicates a memory effect.

Simulations with varying slab depths exclude the ocean as origin
of this memory and reveal a memory capacity within the
atmosphere itself.

SIMULATIONS - We quantify this memory effect to be of the order of weeks.
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In order to understand the role of different parameters and to test the \l | : A surface pressure maximum acts as a regulating barrier for
robustness under varying conditions, we perform a sensitivity analysis: tPB : monsoon winds determining the coastward moisture transport.
Parameter Range of variation S oo ||l T _ | _
Land position 0-50, 2-52, ..., 16-66° mm This barrier dynamic is present throughout the course
Slab ocean depth 1m, 5m, 50m, 200m, 500m T e Latitudes of a year but also in a sensitivity analysis:
Solar constant 1000-1400W/m? Increased CO, reduces the barrier
Carbon dioxide 70-1120 ppm Fig. 7 : Pressure barrier mechanism. Left: High pressure barrier before the monsoon season blocks landward hei ght and therefore leads to Monsoon systems
4 ) moisture transport. Right: Reduced barrier allows northward moisture transport resulting in monsoon rainfall. . .
Sulfate aerosols (Iand) 0-10 kg/m increased rainfall. transport water and
Land surface albedo 10-34%
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60 | Fig. 8: Pressure barrier dynamics during the monsoon season. Fig. 9: Pressure barrier dynamics for varying CO, concentration. the influence of mountain ranges This individuality makes
80 | | , | _—_—— e 0 As the solar radiation oscillates, the barrier reduces at the beginning High CO, concentration decreases the barrier resulting in intense '
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Montns Months Months of the season allowing moisture carrying winds to pass. monsoon rainfall. it difficult to access the common core meridional monsoon

Fig. 1: Meridional distribution of surface temperature, pressure and precipitation (20-years average).

dynamics by only using observations or realistic simulations.
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—an aquaplanet setup with an idealized circumglobal land stripe.




