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1. INTRODUCTION 
 

Surface flux parameterization developed by 
Louis (1979) and Louis et al. (1982) [L82 hereaf-
ter] have been widely used in meteorological 
models due to its simplicity in formulation and non-
iterative nature. This parameterization, however, 
has following weakness as discussed in many pa-
pers: weak dependence on bulk Richardson num-
ber over smooth surfaces in convective conditions 
and overall inability dealing with different rough-
ness lengths for momentum and heat transfer.  

We take following steps to address these 
weakness. For convective regimes, Louis scheme 
is tuned to match Monin-Obukhov Similarity 
(MOS) with gustiness effects: COARE2.6 parame-
terization developed by Fairall and Bradley group 
(Bradley et al., 2000) We then use an approach 
similar to that of  Uno et al. (1996) to address dif-
ferent momentum and heat roughness length is-
sue. Finally, an analytical method is developed to 
solve  z/L in the Monin-Obukhov similarity formula-
tion by Holtslag and DeBruin (1988) under stable 
conditions.  
 
2. CONVECTIVE CONDITIONS WITH z0 = z0h 
 

The original Louis scheme can be written as  
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where z0 is the momentum roughness length, Rb0 
bulk Richardson number calculated between z0 
and the reference height za, Note that the heat 
transfer roughness length does not appear in (1) 
and (2), because they are assumed to be equal.  
We separate two regimes: “smooth” surface with 
za/z0 ≥ 103 and “rough” surface with 10 ≤ za/z0 ≤ 
103 and then adjust the stability functions to fit 
COARE2.6. 
 
3.  CONVECTIVE CONDITIONS WITH z0 ≠ z0h 

 
Uno et al. (1996) (U96 hereafter) derived an 

approach to adjust z0 to z0h in L82, and found very 
consistent performance. Their idea is to use θ* de-
rived from (1) and (2) to adjust ∆θ0 = θ(za)- θ(z0) to 
∆θT = θ(za)- θ(z0h). There are, however, two diffi-

culties associated with their approach. One is ∗θ  
derived from (1) and (2)  is singular at U=0, which 
means that the corresponding z0h correction must 
be infinitely large. This feature may cause prob-
lems at large Richardson number under unstable 
and light wind conditions, and is inconsistent with 
the convective limit originally designed in L82. An-
other minor complication is the iterative nature of 
the approach, although two iterations are usually 
sufficient for the desired accuracy. 

Based on these considerations, we follow 

U96 idea but use the ∗θ  stability function from 
MOS function. We consider the stability parameter 
z/L  
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where L is Monin-Obukhov length, ψm and ψh are 
stability functions for momentum and scalar trans-
fer. Following Stull (1994), we use convective ve-
locity definition to write  
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where (β, Cg, zi ) are chosen to be (1.2, 0.006, 
600.0). Note here that the z/L as defined by (3) 
and (4) is no longer singular at U=0 under convec-
tive condition. The last factor in (3) is a compli-
cated function of z/L. Consequently, a stability-like 
parameter is chosen and defined by 
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where bb is defined in the Appendix. 
 
4. STABLE CONDITIONS 

 
For continuous turbulence under stable con-

dition, the stability functions in MOS are essen-
tially same for momentum and scalar transfer, i.e., 
ψm = ψh  for z/L ≤ 10 (Holtslag and De Bruin, 
1988), although ψm > ψh  for intermittence turbu-
lence as discussed by Beljaars and Holtslag 
(1991). Because the stability functions of Holtslag 
and De Bruin (1988) can be readily simplified, their 
functions are used as basis for the parameteriza-
tion and can be expressed as 
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where a=0.7, b=0.75, c=5.0 and d=0.35. Because 
ζ can be analytically solved for linear functions of 
ψ,   the idea is to use ζ0  calculated from L82 
scheme in the exponential  factor only, then solve 
for ζ analytically from the general functional rela-
tionship between ζ   and Rb. The new approach is 
summarized in Appendix. Note it maintains non-
iterative nature of L82. 
 
5. IDEALIZED CALCULATION 
 

Given Richardson number, za/z0 and z0/z0h, 
the stability functions can be calculated using the 
formula in Appendix. Some comparisons among 
different schemes are shown in Figs. 1 – 2. The 
COAMPS(OLD) scheme is the surface flux param-
eterization currently used in the NAVY’s COAMPS 
and basically is the same as L82 except that the 
wind speed calculation includes the temperature 
difference between the surface and air to 
represent convective gustiness. Clearly, the modi-
fied (NEW) Louis scheme compares well with 
COARE2.6 for both smooth and roughness re-
gimes for different z0 and z0h . COAMPS(OLD) and 
L82 significantly overestimates and underesti-
mates the value of the functions respectively. 
 
6. TOGA COARE DATA 
 

TOGA COARE R/V Moana Wave turbulence 
data are used to evaluate the modified scheme. 
The results are shown in Fig 3-4. The modified 
Louis scheme (NEW) corrects the positive bias for 
the stress and reduces the scatter.  The latent 
heat flux from the modified Louis (NEW) is also 
improved compared with that calculated using 
COAMPS(OLD) scheme.  

Currently, we are refining the scheme particu-
larly for stable regime and for the conditions where 
z0 and z0h are significantly different as discussed in 
Beljaars and Holtslag (1991). 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rough Surface 

COARE2.6 L82 

COAMPS (OLD) NEW 

Smooth Surface 

Figure 1 Stability functions over smooth surface 

COARE2.6 L82 

COAMPS (OLD) NEW 

Figure 2 Stability functions over rough surface 
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Appendix 
 
1. Unstable Conditions 
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2. Stable Conditions: 
 

Louis scheme is used to calculate an initial 
guess of ζ , that is 
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We then solve for ζ from the following simple 
quadratic equation 
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STRESS (MODEL vs. OBS) 

COAMPS(OLD) vs. OBS 
 

NEW vs. OBS 
 

    LATENT HEAT FLUX (MODEL vs. OBS) 

COAMPS(OLD) vs. OBS 
 

 NEW   vs. OBS 
 

Figure 3 Stress: Model vs. COARE R/V Moana Wave 

Figure 3 Latent heat flux: Model vs. Moana Wave 
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We then have the transfer coefficients from 
(6) 
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