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Outline (1)
Motivation: Parameterization Problem: 
“Parametric” Representation of Subgrid- 
Scale Processes in Atmospheric 
Modelling
Basic Strategy: Be Simple: Upstream 
Flux Scheme, no adaptatin in time, etc

NB: Climate System: Non-Conservative: 
Strongly Forced-Dissipative System (no 
“shock” anticipated, subsonic flow)



Outline (2)
Basic Features: Refinement/Adaptation 
is Totally “Unstructured” and “Local”
Numerics: Strict 0th-Order Finite-Volume 
(Horizontally): Segmentally-Constant 
Approximation (SCA) 

System:
Nonhydrostatic Anelastic Model (NAM)  

Notes: Exception: Poisson Pressure 
solver (with “full” resolution), 
Refinement (Degradation) Only in 
Horizontal, Finite Difference in Vertical



NAM: Model System:
•Nonhydrostatic
•Anelastic=Boussinesq+Mean Density 
(thermal) Stratification (z)
•Ideal Gas (or Constant Density)

•Physics:  Cloud (Micro)Physics, etc
+



Background:



e.g., Hadley Circulation:
Hot-Tower Hypothesis
(Riehl and Malkus 1958):

Eq. lat.
Hot Towers (~5km)

1000km

Parameterization Problem:



stratiform clouds
(mesoscale)

cumulus convection
(convective towers)

What should be parameterized:
A Typical Atmospheric Convective 
System ?: ~200km

~20km



Parameterization: 
Caricatuarization



A Plume: Laboratory Experiments
(Morton et al., 1956)

basic element:



SCA: Segmentally-Constant
Approximation

x
wc , c , ….c

we , e , ….e

Convective 
Plume

Environment



A Plume:
Segmentally-Constant Approximation
(SCA)

Temperature
Anomaly
(K)



Mesh Refinement/Adaptation?



Activation:
interface jump > fac x variance (z)



Deactivation:
interface jump < facd x variance (z)

fac = facd = 1



W (m/s)

(K)

Dry Convective Boundary Layer



Dry Convective Boundary Layer
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Tropical Squall-line (GATE Phase III)



Further “Compression”:
Organized Convection
(Squall-Line)?

NAM-SCA
Framework can 
numerically 
generate an 
organized 
convection 
(Archetype):
Cubism



Cloud
Water
(g/kg)

Original 
NAM-SCA
Run

1

1

1

1



Cloud
Water
(g/kg)

NAM-SCA
Run in
Moving
Coordinate 

1

1

1

1



Cloud
Water
(g/kg)

NAM-SCA
Run in
Moving
Coordinate:
Initial Condition
For Archetype

1

1

1

1



NAM-SCA
Run in
Moving
Coordinate:
Initial Condition
For Archetype

Finite-Volume
Element
Distribution
(original)



Numerical 
Archetype:
Fixed 
Distribution of
Finite-Volume
Elements

Finite-Volume
Element
Distribution
(smoothed)
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Cloud
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Updraft + Downdraft:

w(m/s)

(K)



•SCA (Segmentally-Constant 
Approximation) 
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