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A more stable semi-implicit scheme for MC2
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The problem: Original & New Stability Analysis

Introduction

Searching for a solution

Conclusion: Having found a rather elegant solution



33

Introduction



44

Introduction

1990 TRL Tanguay, M., A. Robert, and R. Laprise, 1990: A semi-implicit semi-
Lagrangian fully compressible regional forecast model. Mon. Wea. Rev., 118, 
1970-1980.

“The proposed semi-implicit semi-Lagrangian scheme is said to be
unconditionally stable…” (p1979) ?
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Introduction

1990 TRL Tanguay, M., A. Robert, and R. Laprise, 1990: A semi-implicit semi-
Lagrangian fully compressible regional forecast model. Mon. Wea. Rev., 118, 
1970-1980.

“The proposed semi-implicit semi-Lagrangian scheme is said to be 
unconditionally stable…” (p1979)

1992 Tanguay, M., E. Yakimiw, H. Ritchie and A. Robert, 1992: Advantages of 
spatial averaging in semi-implicit semi-Lagrangian schemes. Mon. Wea. Rev., 
120, 113-123.

“The uncentered εεεε first-order accuracy version of the time and spatial 
average operators has been taken to eliminate high-frequency 
oscillations…Those oscillations appear to be induced by imbalances in the 
initial fields as a result of an imperfect initialization produced by the currently 
used dynamic initialization procedure.” (p116)

?
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“To remove small-scale noise, an implicit spatial filter … has been applied 
to the mountain field. The topography is therefore smoother compared 
to the one in the spectral model.” (p117)

Result  “…indicates that the ε∆ε∆ε∆ε∆t first-order accuracy is not negligible.” 
(p118) 

1996 Héreil, P. and R. Laprise, 1996: Sensitivity of internal gravity waves
solutions to the time step of a semi-implicit semi-Lagrangian nonhydrostatic model, 
Mon. Wea. Rev., 124, 972-999.

1998 Thomas, S. J., C. Girard, R. Benoit, M. Desgagné, and P. Pellerin, 1998: A 
new adiabatic kernel for the MC2 model. Atmosphere-Ocean, 36, 241-270.

2002 Schär, C., D. Leuenberger, O. Fuhrer, D. Lüthi and C. Girard, 2002: A new 
terrain-following vertical coordinate formulation for high-resolution numerical 
weather prediction models, Mon. Wea. Rev., 130, 2459-2480. 

2002 Girard, C., M. Desgagné, R. Benoit, 2002 & 2004: Finescale topography
and the MC2 dynamics kernel, Seminaire RPN & MWR ready for submission. 
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2003 Bénard, P., 2003: Stability of semi-implicit and iterative centered-implicit 
time discretizations for various equation systems used in NWP. Mon. Wea. Rev., 
131, 2479-2491.

“For the 3-TL SI scheme, the external structure ν = 0 is unconditionally 
stable for -.25 < α <1, but slightly shorter structures as described 

earlier are found unstable at large time steps as soon as
(very short modes are stable however). Figure 1 depicts the asymptotic 

growth-rates for two structures: the external structure ν = 0, and a long 

structure ν = 0.0001 m-1. The growth rate of the long structure for a 

moderate time step ∆t = 30 s with a time-decentering ε=0.1 … is also 
depicted: the practical instability becomes small under these conditions, 
and the 3-TL scheme cannot be positively rejected…” (p2489)
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The problem: Original & New Stability Analysis
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A) The fundamental SISL (semi-implicit semi-Lagrangian) scheme 

1) The Basic Model Equations 
(2D isentropic version): 
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A) The fundamental SISL (semi-implicit semi-Lagrangian) scheme 

1) The Basic Model Equations 
(2D isentropic version): 
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B) Original Stability Analysis 

1) Linearize around basic state T* 
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B) Original Stability Analysis 

1) Linearize around basic state T* 
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B) Original Stability Analysis 

1) Linearize around basic state T* 

2)  Consider eigenmodes
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implicit semi-Lagrangian
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C) New stability analysis 

1a) Consider true perturbation variables around mean state To, qo : T” , q”  
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1a) Consider true perturbation variables around mean state To, qo : T” , q”  
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1b) Linearize around mean state To
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C) New stability analysis 

1a) Consider true perturbation variables around mean state To, qo : T” , q”  
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5) Analysis 

ii) 0=k (1D version in vertical) 
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5) Analysis 

a)ν=0  (external mode ⇔ shallow water model)  *2/1 Hin += ν
  ∞→∆t(asymptotic behavior)

b) 0≠ν 0=k (1D version in vertical)
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the scheme is always unstable as soon as

α ≠ 0 !!!
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Summary: Dispersion Relations
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Searching for a solution
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Searching for a solution 

Scheme 1: A naïve fully implicit scheme 
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Scheme 2: The full thing (dropping subindex o de α)
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Searching for a solution 

Scheme 1: A naïve fully implicit scheme 
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What it means in terms of original variables  
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Scheme 3: The linear part only
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Scheme 2: The full thing (dropping subindex o de α)

Searching for a solution 

Scheme 1: A naïve fully implicit scheme 
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Conclusion 
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Having found a rather elegant solution
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Continuity:
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