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In Earth’s  atmosphere,  convection can organize across many spatial  scales,  from
local thunderstorms, to mesoscale convective systems, tropical cyclones, and synoptic-scale
waves.

Within the atmospheric modelling community, a large focus in recent years has been
on  the  concept  of  Convective  Self-Aggregation  (CSA):  In  an  environment  of  radiative
convective  equilibrium,  with  homogeneous  initial  conditions  and  a  constant-temperature
tropical sea surface, convection can spontaneously aggregate into domain-wide patterns of
persistent dry areas and constrained rainy areas over a temporal time-scale of weeks to
months [1,2]. CSA, albeit  still  a modeling paradigm, could reveal the mechanisms behind
some of the convective organization observed in the tropics.
This process of forming domain-wide structure can be accelerated to the order of days by
imposing oscillating surface temperatures with a large enough amplitude [3]. The ‘diurnally
aggregated’ cloud field is similar to CSA as it also constrains the surface rain field to certain
parts of the domain. Further, pattern formation was found to initiate first as persistent dry
patches in the uppermost layers of the simulated atmosphere. The dry patches subsequently
penetrate through to the subcloud layer [4].

In this work we try to strengthen the bridge between the modeling paradigm of CSA
and the real atmosphere. We build upon the speculation from Jensen et al. 2022 [4] that if an
organized  convective  cloud  field,  produced  under  a  high-amplitude  surface  temperature
forcing,  is  eventually  advected  over  regions  with  little  surface temperature  variation,  the
clustered  pattern  may  persist  and  even  intensify  further.  In  the  real  atmosphere  the
spatiotemporal scales of this phenomenon can be found over the tropical African continent,
and the adjacent Atlantic Ocean where there is a Westward flow of organized convection that
forms with a diurnal cadence over the land. The organized pattern is then advected over the
ocean, at times even maturing to tropical cyclones when reaching higher latitudes and thus
acquiring rotation.

We  explore  how diurnal  surface  temperature  amplitudes,  typical  of  tropical  land,
affect the formation of persistent dry patches and the spatio-temporal extent of the emergent
mesoscale convective systems. We run a set of cloud resolving simulations initialized with
typical  profiles  of  temperature  and  humidity.  We  impose  a  large-amplitude  diurnally
oscillating surface temperature, which we then set to constant at different times, to see the



effect on the diurnally aggregated cloud field. We present the results of this study, which
show a strong dependence on the degree of  aggregation  over ‘land’,  in  determining the
aggregation over ‘sea’, and a form of hysteresis arises.
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