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GCMs that use cumulus parameterizations constructed with quite different
rationale can still produce "comparable" results.

All surviving cumulus parameterizations can do the simple basic task:
      Providing a negative feedback to large-scale destabilization.

Thus, cumulus parameterization did not seem to be too demanding problem. 

Arakawa, A., 2003:  The Cumulus Parameterization Problem:  Past, Present, Future
(To be submitted to JC)

Historical Assessment

We cannot continue to rely on this kind of "luck"
in future climate models

as the objectives of cumulus parameterization expand.

This negative feedback tends to hide model differences and deficiencies,
especially when SST is fixed.
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Classical Objective

Vertical distributions of cumulus heating (cooling) and
cumulus drying (moistening).

 Nonclassical Objectives

(i)   Generation, transport and mixing of liquid and ice phases

   Interactions with the subcloud layer

(iii) 	 Interactions with radiation

(iv)	 Mechanical interactions with the mean flow

OBJECTIVES OF CUMULUS PARAMETERIZATION

(ii)

Unified cloud (or even unified physics) parameterization
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Unified cloud parameterization is an extremely challenging scientific problem of
scale interactions in the moist atmosphere. 

DILEMMA

It is a crucially important engineering problem in weather and climate predictions,
for which quick answers are needed.

The struggle in our mind 
 between the scientific and engineering aspects

is at least partially responsible for
the slow progress of each in the past.

Now it is the time to recognize the two
as separate (but complementary) aspects. 

Scientific aspect Engineering aspect

maximum use of brain power maximum use of computer power
Parameterize everything! Resolve everything !
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MAJOR PROBLEMS IN CONVENTIONAL MODEL PHYSICS    

Major Conceptual Problems

(a)  Artificial scale separation by discretization 

Discretization introduced for computational purpose separates scales for
explicit processes, which can be highly transient, and implicit (parameterized)
processes, which can only be near statistical equilibrium.  This is especially 
serious for processes involving clouds.

(b)  Incomplete interactions between different physical processes
Due to the modular structure of models, different physical processes (cloud
microphysics, radiation, turbulence, etc.) interact mainly through resolved
scales, missing most of their small-scale transient interactions.

(c)  Non-convergence to "real physics" 

Conventional model physics does not converge to local and instantaneous 
"real physics" as the grid size and time interval approach zero.

The Most Fundamental Technical Problem

Lack of an appropriate cloud-system model (as opposed to a model
for individual clouds) to be used as a basic framework   

TR05



(For prognostic variable Y)

Local and instantaneous governing equation:

Model's governing equation:

"REQUIRED SOURCES" vs. "REAL SOURCES"

For (2) to be consistent with (1),

¶  ∂Y
¶  ∂t

=  -  D.V Y       +  "required sources" (2)

     : space/time averaging        

=  -  D.V Y
¶  ∂Y
¶  ∂t (1)+  "real sources"

= "real sources" +   

D.V Y   V Y. D

-

implicit component of advection

 "required sources"

Thus, "required physics" is
more than the time/space average of "real physics".

(diffusive, penetrative, or . . .)
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"REQUIRED CLOUD-MICROPHYSICAL SOURCES
 

"REAL CLOUD-MICROPHYSICAL SOURCES

Similarly to the total physics case, 

vs. 

 "required cloud-microphysical sources" 

+
implicit components of

advection, turbulence & radiation effects
induced by cloud microphysics

=  "real cloud-microphysical sources" 

IMPLICIT COMPONENTS OF
ADVECTION

IMPLICIT COMPONENTS OF

IMPLICIT COMPONENTS OF
TURBULENCE,  RADIATION

CLOUD MICROPHYSICS
 EXPLICIT

PROCESSES

Thus, "required cloud microphysics" is
more than the time/space average of 

"real cloud microphysics".
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Real SourcesRequired Sources
converge

Sources Provided By
Conventional
Model Physics

 tuned

Resolution of
Conventional Models Continuous case

    Justification for use of a discrete model relies on the hope that

THE CONVERGENCE PROBLEM

Conventional model physics is designed and tuned to provide
"required sources" for a particular resolution, not those as functions
of resolution.

"Required sources" for a discrete model to be correct are more than
the time/space means of local instantaneous sources ("real sources").
  
Naturally, "required sources" converge to the "real sources" as the
resolution is refined.       

its solution converges to the true solution as the resolution is refined.

imbalance of
  dynamics
  & physics 
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An Example of Non-Convergence
 

A simple cumulus parameterization

Cumulus drying,     Q2c ~ - Mc L  ¶∂q / ¶ ∂z 

Source of moist static energy, 

Real (i.e.,local & instantaneous) cloud-microphysical source
of moist static energy 

Zero except when ice-phase is involved. 

Cumulus warming,  Q1c ~    Mc  ¶∂s / ¶∂z 

   Q1c - Q2c ~ Mc ¶ ∂h / ¶ ∂z

(with no detrainment, no downdraft, no ice phase, etc.)

Q1c

Q2c
Q1c - Q2c 

z
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CONTROL RUNS with 2-km horizontal resolution and full physics

      Resolution Dependency of Model Physics
 

LOW-RESOLUTION RUNS WITH NO OR PARTIAL PHYSICS over
a short time interval from selected realizations in CONTROL.

 

(Jung and Arakawa 2002, submitted to JAS)

APPLICATIONS OF UCLA/U-UTAH/CSU 2-D CRM to a variety of idealized
tropical conditions

Inferred from Nonhydrostatic Model Experiments

DIAGNOSIS OF "REQUIRED SOURCES" for the low-resolution model
to be correct as far as resolved scales are concerned 
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