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→ wetter lower troposphere → more cloud water & cloud ice 
→ less cloud ice → higher OLR

• ICON with ~5 km grid spacing  
• global domain with fixed SST 
• one-moment microphysics 

(Baldauf et al., 2011) 

→ perform sensitivity runs, each 
varying one parameter of a 
particular particle category in its 
range of uncertainty

Main scientific question: 
How much of the heat budget of the tropics is 
controlled by circulations and dynamics as 
compared to by microphysical processes?

In global storm-resolving models microphysical 
processes are fundamentally linked to their 
controlling factors.



How do microphysical choices affect the distribution of water vapor?
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Displaying inter-model di↵erences in moisture space reveals how they are distributed374

over the di↵erent regimes of the tropics. RH anomalies for individual models are shown375

in Figure A1 in Appendix A. Here we focus on the inter-model standard deviation �(RH),376

shown in Figure 4b. First, it is apparent that the large inter-model spread in the upper377

troposphere (Figure 1) prevails throughout the entire tropics. In the tropopause region378

�(RH) exceeds 10%RH everywhere except from the driest part of the subsidence regions.379

Second, the local maximum in �(RH) at the top of the BL is most pronounced in the380

driest regimes, where the RH gradient between the BL and the free troposphere is steep-381

est (Figure 4a). In moister regions, where the RH gradient is less steep, the maximum382

in �(RH) is weaker but broader. Third, in the mid troposphere �(RH) increases from383

less than 1%RH in the lowest IWV percentiles to more than 5%RH near the 90th per-384

centile. The largest part of the spread in tropical mean mid-tropospheric RH stems from385

the region representing the transition from subsidence to deep convective regimes (cf.386

Figure 4c). In the moistest 5 percentiles of IWV the inter-model spread decreases again.387

In these regimes deep convection keeps the RH close to 100% in all models.388

389

Figure 3. Probability density function of integrated water vapour (IWV) over tropical ocean

regions in the DYAMOND models and ERA5. Percentiles of each model’s are shown below the

curves: Coloured circles indicate the medians of the distributions, horizontal bars range from the

25th to the 75th percentile.

3.3 Humidity transport by the resolved circulation390

At this point an open question is which physical processes control the humidity dif-391

ferences in the DYAMOND ensemble. Besides the sub-grid-scale processes (i.e., phase392

change, turbulent mixing and radiation), that we cannot diagnose from the limited model393

output, transport by the resolved circulation has been suggested to play a major role (e.g394

Sherwood, 1996; Pierrehumbert & Roca, 1998; Dessler & Sherwood, 2000). As a step to-395

wards better understanding the physical causes behind the humidity di↵erences, we in-396

vestigate whether models with an anomalously high RH are associated with an anoma-397

lously high RH transport.398
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The tendency of RH due to resolved transport can be diagnosed from the model400

output:401
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where ~v denotes the three-dimensional velocity. The first two terms on the right hand402

side describe the change in RH caused by a pressure change following an air parcel. A403
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(Lang et al, in review)

Multi-model ensemble DYAMOND

Differences in a single perturbed model are 
similar to differences in the multi-model 
ensemble DYAMOND.

Differences in integrated water vapor 
are largest in moist regions.

Tropics over the ocean:



Radiative 
fluxes strongly 

depend on 
microphysical 

choices but 
their effects 

largely balance 
for the net TOA 

flux.
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 LW↑

TOA = SW↑ - SW↓ + LW↑
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Summary 

A perturbed-microphysics 
single model ensemble 
shows a similar spread as a 
multi-model ensemble. 

Changing microphysical 
parameters in their range of 
uncertainty affects radiative 
fluxes by O(10) W/m2.

How do microphysical choices affect radiative fluxes and heat budget?


