
on Earth System Modelling

Larger jumps in RMW at the 
beginning of the simulation as 
the tropical cyclone starts to 
strengthen.

Fig. 2: Location of the 
cyclone center during 
the simulation (CTRL: 
solid black line, SINK: 
dashed black line) 
and field of 1 km wind 
speed on day 10 of 
CTRL (background 
shading).
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The impact of changes of atmospheric water mass 
on tropical cyclone intensification in ICON-A

  BACKGROUND①
Changes in atmospheric water content are the main driver of atmospheric mass 
variations (Trenberth et al., 1987; Trenberth & Smith, 2005). In the atmosphere model ICON-A, 
however, the total atmospheric mass is conserved. Thus, precipitation and 
evaporation do not affect surface pressure and atmospheric dynamics. This study 
investigates the impact of the precipitation mass sink / evaporation mass source on 
the evolution of an idealised tropical cyclone.
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Day 1 ▶︎
Initialisation of a weak, warm-core 

vortex on a rotating aquaplanet with 
constant sea surface temperature 

(Reed & Jabłonowski, 2011).

◀︎ Day 10
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The vortex evolves into a tropical cyclone 
over the course of 10 simulation days.◀︎
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• Including a simple precipitation mass sink / evaporation mass source into the 
ICON-A model results in a stronger tropical cyclone, characterised by a 
decrease in minimum surface pressure and an increase in maximum wind speed 
(Fig. 3). This confirms results from previous studies of the precipitation mass sink 
(Qiu et al., 1993; Lackmann & Yablonsky, 2004).

• The azimuthally averaged profile of pressure differences between the two 
simulations shows lowered pressure particularly around the center of the 
cyclone, compared to the control simulation (Fig. 4). This could facilitate the 
transport of moisture towards the tropical cyclone and provide it with more 
energy.

  CONCLUSION

• Resolution: 10 km (R2B8) with 90 
vertical levels 

• ICON-Sapphire physics (Giorgetta et al., 

2022): microphysics (single-moment), 
radiation, vertical diffusion

wind speed / m s-1

Fig. 3: (a) Minimum surface pressure (MSP), (b) maximum wind speed (MWS) at 1 km,  (c) radius 
of maximum wind (RMW), from hourly model output.

Fig. 4: (a) Azimuthally averaged profile of pressure differences at full model levels, and (b) 
azimuthally averaged difference in surface precipitation rate (SINK-CTRL), averaged over day 7. 
The white line in (a) denotes Δpressure = 0.

Day 7

🦕

↓ Decrease in pressure around cyclone center due to precipitation.

↑ Increased moisture transport into the tropical cyclone which fuels the 
tropical cyclone.

↑ Strengthening of the tropical cyclone.

Why?

  RESULTS③ The tropical cyclone is strengthening when considering changes in atmosphere mass.  METHODS②

CTRL (default ICON): Without mass sink/
source, total moist air is conserved

SINK (modified ICON): 
With mass sink / source, dry air is 
conserved (Tschirschwitz et al., in prep.)

Fig. 1: Globally averaged pressure exerted by total air mass, for CTRL (blue solid line) and SINK 
(orange dashed line).
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