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Microphysical controls on condensate distributions and  
the tropical energy budget in global storm-resolving models



How do microphysical 
choices affect the energy 
budget of the tropics?

In global-storm resolving 
models that resolve the 
vertical energy transport 
through deep convection, 
microphysical processes 
are directly linked to their 
controlling factors.

Simulating the tropical heat budget at kilometre-scale resolution



Simulating the tropical heat budget at kilometre-scale resolution

global simulations with ICON-Sapphire 
(Hohenegger et al., 2023) using a 5 km grid 
spacing 
- with a one- and a two-moment 

microphysics scheme (Baldauf et al., 
2011; based on Seifert and Beheng, 2006) 

- perturbing one parameter of one 
hydrometeor category

1mom 
1mom-rain 
1mom-ice 
1mom-snow 
2mom 
2mom-rain 
2mom-ice 
2mom-snow

8 simulations:



cloud water cloud ice rain snow graupel hail all condensatecloud fraction
mean profiles over tropical oceans

The two-moment scheme less easily converts ice to snow

Runs differ in how they distribute water among the hydrometeor categories 
but their mean cloud cover or total condensate is rather robust.



Cloud ice occurs in higher concentrations in the two-moment scheme

We expect an effect on 
the heat budget because 
in ICON ice is radiatively 
active while snow is not.
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Radiation balance at the top of the atmosphere (TOA)

While microphysical effects largely balance for the 
net TOA flux, differences of a few W m-2 remain.

Table 1: Top of the atmosphere and surface energy balance. Bold values of the 2mom scheme are

absolute values. Normal font indicates differences to the 2mom run. All values are in units of W m�2.

For the net, downward fluxes are defined negative, so that at TOA net = SW# - SW " - LW "> 0 W m�2

there is more energy entering the atmosphere than is leaving it. At the surface net = LW # - LW " + SW

# - SW " + LH + SH> 0 more energy enter the surface than leaves it.

TOA surface

SW " LW " SW# net LW " LW # SW " SW # LH SH net

global

2mom 113.04 236.61 349.67 0.02 390.27 343.38 25.44 184.02 -91.54 -25.37 -5.22

1mom -7.57 2.93 0. 4.65 -0.76 -3.02 1.36 8.70 1.73 1.07 7.87

2m-rain -6.15 1.05 0. 5.10 0.19 -1.47 0.65 7.58 2.32 2.54 10.12

2m-ice -1.45 2.61 0. -1.16 -0.03 -0.28 0.12 1.55 -0.59 -0.38 0.20

2m-snow 0.20 -0.16 0. -0.04 0.14 0.25 -0.06 -0.27 -0.68 -0.12 -0.90

1m-rain -5.20 2.42 0. 2.78 -0.91 -2.56 1.09 5.78 -0.14 -0.44 2.46

1m-ice -10.21 8.77 0. 1.44 -1.14 -4.29 1.71 11.64 2.28 0.83 9.87

1m-snow -9.48 3.81 0. 5.67 -0.95 -3.94 1.68 10.9 1.54 0.78 8.55

tropics

2mom 104.51 258.01 412.10 49.59 449.01 393.75 24.94 237.66 -124.4 -33.19 -0.14

1mom -7.44 3.84 0. 3.60 0.33 -0.84 0.64 7.58 2.97 1.04 9.79

2m-rain -7.89 1.72 0. 6.17 0.24 -2.05 0.84 9.74 5.15 3.42 15.18

2m-ice -2.54 4.05 0. -1.51 -0.05 -0.53 0.23 2.68 -0.56 -0.28 1.13

2m-snow 0.46 -0.37 0. -0.09 0.04 0.16 -0.06 -0.58 -0.70 -0.20 -1.31

1m-rain -3.64 3.07 0. 0.57 0.00 -0.16 0.20 2.92 -0.69 -1.21 0.67

1m-ice -11.56 12.08 0. -0.52 0.15 -2.03 1.03 12.04 3.06 0.63 12.52

1m-snow -9.22 4.88 0. 4.34 0.26 -1.18 0.80 9.42 2.50 0.72 10.4
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Decomposition of radiative changes at TOA
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radiative 
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Changes in radiative 
properties of cloudy 
points dominate 
changes in the radiative 
balance at TOA.



Microphysical controls on condensate distributions and  
the tropical energy budget in global storm-resolving models

- Tropical cloud cover and total condensate are robust to changes 
in microphysical schemes and parameters. 

- Differences between the simulations with a one- and two-moment 
scheme are much larger than among the perturbed runs of one 
scheme. 

- Runs differ in how they distribute water among the hydrometeor 
categories. 

- Higher concentrations of cloud ice in the two-moment scheme 
affects the radiative properties of cloudy grid points. 
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