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1. Introduction 

We study clouds over the entire Earth using a new type of an atmospheric general 
circulation model, “global cloud-resolving model”, which covers the globe with mesh size of 
a few kilometers. This model enables us to directly simulate the multi-scale structure of cloud 
systems from meso-scale (~10km) to planetary scale (~10,000km) cloud disturbances. In 
particular, tropical cloud systems including Intra-seasonable Variability (ISV) such as the 
Madden-Julian Oscillation and tropical cyclones are realistically simulated by the global 
cloud-resolving model. It is contrasted to current atmospheric general circulation models that 
are used for climate projections, since they cannot simulate realistic multiscale cloud structure 
in general. The global cloud-resolving model not only reproduces the geographical 
distribution of cloud systems and their diurnal to intra-seasonal variability, but also more 
physically reproduces cloud properties by explicitly implementing cloud microphysical 
processes. It is expected that the global cloud-resolving model will play a major role in 
climate simulations and that their future climate projections will be more reliable than the 
current approaches.   
 
2. Global Cloud-Resolving Model, NICAM 

Under the present state of arts of massive parallel supercomputers, the resolution of the 
atmospheric global models can be drastically increased to a few kilometers. With those 
resolutions, deep convective clouds are directly represented without using cumulus 
parameterizations. We refer such high-resolution numerical models without cumulus 
parameterization to as global cloud-resolving models (GCRMs). Researchers who are 
interested in atmospheric modeling had demanded for GCRMs for long time, since behaviors 
of general circulation models (GCMs) crucially depend on specific implementations of 
cumulus parameterization.  

NICAM is a global non-hydrostatic model, abbreviation of the Nonhydrostatic 
ICosahedral Atmospheric Model developed at the Japan Agency for Marine-Earth Science and 
Technology (JAMSTEC) and the University of Tokyo (Matsuno et al. 2009). NICAM is 
characterized by icosahedral geodesic grids and the non-hydrostatic systems (Satoh et al., 
2008). NICAM has been newly developed as a new type of an atmospheric global model, 
because it has a different grid system and is based on different governing equations from 
those used in current general circulation models. These conventional models are mainly based 
on spectral model or latitude-longitude grids with hydrostatic equations.  

 
3. Multi-scale structure of tropical convective systems 

We have performed the first global cloud-resolving simulation using NICAM with mesh 
size 3.5 km in 2004 under the aqua planet condition (Tomita et al., 2005). This was the first 
ever GCRM simulation in the world. It shows systematic eastward propagation of super 
cloud-cluster like signals with multi-scale structure of convective systems embedded in the 
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large-scale organized convective systems. Following this encouraging result, a hindcast 
simulation of a Madden-Julian Oscillation (MJO) event is performed and it revealed roles of 
multi-scale convective systems on the MJO (Miura et al., 2007).  

NICAM simulations show many realistic behaviors of tropical convective systems. It 
resolves structures of multi-scale convective systems from meso-scale circulations with O(10 
km) to large-scale organized cloud systems of a Madden-Julian Oscillation with O(10,000 
km). Diurnal cycles of deep convection, intra-seasonal variability, tropical cyclones, and 
monsoon circulations are also reproduced well (Fudeyasu et al., 2008; Oouchi et al., 2009; 
Yamada et al., 2010,).  
 
4. Clouds and climate change 
 Clouds are most ambiguous factors in climate simulations by currently used 
GCMs. Instead of a semi-empirical method of using cumulus parameterization, GCRMs 
explicitly use cloud microphysics schemes to numerically simulate clouds. Simulated 
clouds by GCRMs are closely comparable to observed clouds by high resolution satellite 
remote-sensing measurements. With the physically based approach and synthetic 
evaluations of clouds using observed data, we can discuss possible changes of global cloud 
distributions associated with global warming. GCRMs will lead to more reliable 
estimations of future change of global climate (Collins and Satoh, 2009; Inoue et al. 2010).  
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