
Looking Ahead: 
The Last 18 Months, and Beyond



Aspirations

We want to do interesting things.

We want to do them well.

We want to “finish” them.



Once and Future Schemes

A sober assessment suggests that with current approaches the cloud-
parameterization problem will not be “solved” in any of our 
lifetimes. We propose a revolutionary new approach that offers the 
potential for major progress on the cloud-climate problem. We will 
bring much-needed focus and organization to the modeling side of 
the cloud-climate research problem, coupled with a commitment to 
deliver to the community both scientific understanding and practical 
applications. We are going to pull the sword from the stone.



Tool Makers

• SP-CESM

• Q3D MMF

• Unified Parameterization

• GCRM

• Multi-scale land-surface coupling

• GigaLES

• VVM

• Unified System of equations

• Better turbulence parameterizations

• Outreach to ECMWF and NCEP



Since the introduction of this subject by Arakawa et al.
(2011), the algorithm has been made more elaborate and
complete as we discuss in this paper. Section 2 identifies
the problems to be addressed in developing a unified
parameterization and introduces the fractional convec-
tive cloudiness s as a key parameter. Section 3 discusses
the dependence of vertical transports on s and its para-
meterization. Section 4 presents a closure of the param-
eterization including the determination of s for each
realization of the grid-scale processes, while section 5
discusses the problem of parameterizing uncertainties
in the framework of unified parameterization. Finally,
summary and further discussions are presented in sec-
tion 6. Remaining problems including the vertical struc-
ture of eddy transports and the dependence of cloud
microphysics and dynamics on s will be discussed in
Part II of this paper (A. Arakawa and C.-M. Wu 2013,
unpublished manuscript).

2. Identification of the problems

The first step to open route I is reexamination of the
widely used assumption that convective updrafts cover
only a small fraction of a GCM grid cell. Most conven-
tional cumulus parameterizations that explicitly use a
cloudmodel (e.g., Arakawa and Schubert 1974; Emanuel
1991; Gregory and Rowntree 1990; Kain and Fritsch
1990; Tiedtke 1989; Zhang and McFarlane 1995) assume
this, at least implicitly, regarding the temperature and
water vapormixing ratio carried byGCMgrid points as if
they represent those of the cloud environment. Then, as
shown by Arakawa and Schubert (1974), the processes
to be considered for predicting those variables are the
‘‘cumulus-induced’’ subsidence in the environment and
the detrainment of cloud air into the environment. (Here

it is important to recognize that the cumulus-induced
subsidence is a component of the hypothetical subgrid-
scale eddy circulation, which is closed within the same
grid cell by definition. The true subsidence is a compo-
nent of the total circulation, which is the sum of the
subgrid- and grid-scale circulations.)
Let s be the fractional convective cloudiness, which is

the fractional area covered by convective updrafts in the
grid cell. When the area covered by individual updrafts
is fixed, s represents the population of updrafts in the
grid cell. (The fractional convective cloudiness defined
in this way should be distinguished from the more com-
monly used fractional cloudiness that matters for radia-
tion.) In terms of s, the assumption mentioned above
means s ! 1. In the limit as the grid spacing approaches
zero, however, the grid cell is occupied either by an up-
draft or by the environment. Then s becomes either 1 or
0, and the circulation associatedwith the updraft becomes
the gird-scale circulation. Then cumulus parameteriza-
tion should play no role in this limit. More generally, it is
important to remember that parameterizations are sup-
posed to formulate only the subgrid effects of cumulus
convection, NOT its total effects involving the grid-scale
motion. Otherwise the parameterization may overdo its
job, either double counting the same effect or over-
stabilizing grid-scale fluctuations depending on the type
of prognostic variables.
To visualize the problem to be addressed, we have

performed two numerical simulations using a CRM, one
with and the other without background shear. The model
used for these simulations is the 3D vorticity equation
model of Jung and Arakawa (2008) with a three-phase
cloud microphysics parameterization (Krueger et al.
1995) applied to an idealized horizontally periodic do-
main over ocean with a fixed surface temperature. The
horizontal domain and grid spacing are 512 and 2km,
respectively. Other experimental settings follows the
benchmark simulations performed by Jung and Arakawa
(2010), in which the thermodynamic forcing is prescribed
in terms of the vertical profiles of mean cooling and
moistening rates, chosen to counteract the apparent heat
source and moisture sink typical of the Global Atmo-
spheric Research Program (GARP) Atlantic Tropical
Experiment (GATE) phase III after some idealization.
The constant cooling rate of 2K day21 is also included
to mimic radiative cooling. In the simulation with the
background shear, wind components are nudged to pre-
scribed profiles representing a typical Tropical Ocean
and Global Atmosphere Coupled Ocean–Atmosphere
Response Experiment (TOGACOARE) condition with
a 2-h time scale.
Figure 4 shows snapshots of the vertical velocity w at

3-km height simulated with and without background

FIG. 3. Two routes for unifying the low- and high-resolution
models.
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Why did CMMAP do this?

Why not NCAR or GFDL?




