
Surface wind variability due 
to convection



Introduction

• The average wind speed S is needed to 
calculate the turbulent surface fluxes.

• Numerical weather prediction models predict 
the grid-averaged wind vector (u,v).

• The average wind speed S can be obtained 
from V, the magnitude of the average wind 
vector, and Ug, the wind gustiness:

S2 = V2 + Ug2

where 
V2 = u2 + v2



• The wind gustiness is due to subgrid-scale 
variability of the wind vector. 
• For the clear convective boundary layer, the 

wind gustiness is proportional to the 
convective velocity scale.
• Wind gustiness is also produced by deep 

precipitating convection, and parameterized as 
a function of convective rainfall rate.

Wind gustiness



• The variance of the horizontal wind speed, 
Uσ2, can be related to the gustiness:

Ug = αUσ

• Theoretical methods give a value of 0.8 for α 
(Jabouille et al. 1996).

• Ug, and hence U, may be obtained if Uσ can 
be parameterized. 

Wind variance and gustiness



The simulations were performed with a 2D (x-z) 
cloud-resolving model at latitude 15 deg N.

The period of an inertial oscillation is 2π/f , where
f = 2Ω sin φ, and Ω = 7.29× 10−5 rad/s.

What is the inertial period at this latitude?

Examples of Gustiness in Numerical 
Simulations



The plots show 
cloud-top
temperature
(white= 200 K, 
black = 300 K).

The plots show 
the effects of 
shear on 
convection 
organization.

shearno shear



Surface Rainfall Rate



Vertical Eddy Kinetic Energy

Horizontal Eddy Kinetic Energy
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Figure 2.3. For Q02 (top) and Q03 (bottom): large-scale latent heat fluxes, 〈E〉.
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Figure 2.4. For Q02 (top) and Q03 (bottom): large-scale sensible heat fluxes, 〈S〉.

Latent Heat Fluxes

Why doesn’t this vary with the rainfall and K.E.? 

What controls the variations of the fluxes? 
Wind speed or near-surface mxing ratio?
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Figure 2.5. For Q02 (top) and Q03 (bottom): large-scale averaged near-surface
wind speed 〈U〉 (solid), and speed of large-scale vector wind V (dashed).
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Figure 2.6. For Q02 (top) and Q03 (bottom): large-scale near-surface potential
temperature, 〈θ〉.

average near-surface wind speed (solid), and 
speed of average vector wind (dashed)

Gustiness = difference between 
solid and dashed lines
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Figure 2.7. For Q02 (top) and Q03 (bottom): large-scale near-surface water vapor
mixing ratio, 〈q〉.
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Figure 2.8. For Q02 (top) and Q03 (bottom): scalar-mean latent heat fluxes Es

(solid), and vector-mean latent heat fluxes Ev (dashed).

 average near-surface water vapor 
mixing ratio



“scalar-mean” latent heat fluxes (solid), and 
“vector-mean” latent heat fluxes (dashed)
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Figure 2.7. For Q02 (top) and Q03 (bottom): large-scale near-surface water vapor
mixing ratio, 〈q〉.
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Figure 2.8. For Q02 (top) and Q03 (bottom): scalar-mean latent heat fluxes Es

(solid), and vector-mean latent heat fluxes Ev (dashed).

Differences between solid and dashed lines are due to gustiness

“scalar-mean” fluxes use scalar-mean wind speed

“vector-mean” fluxes use vector-mean wind speed



• The variance of the horizontal wind speed, 
Uσ2, can be related to the gustiness:

Ug = αUσ

• Theoretical methods give a value of 0.8 for α 
(Jabouille et al. 1996).

• Ug, and hence U, may be obtained if Uσ can 
be parameterized. 

Wind variance and gustiness
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Figure 2.9. For Q02 (top) and Q03 (bottom): the square root of the wind variance,
Uσ.
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Figure 2.10. For Q02 (top) and Q03 (bottom): the gustiness speed, Ug.

 square root of the wind variance, Uσ
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Figure 2.9. For Q02 (top) and Q03 (bottom): the square root of the wind variance,
Uσ.
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Figure 2.10. For Q02 (top) and Q03 (bottom): the gustiness speed, Ug.

gustiness speed, Ug
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Figure 2.11. For Q02 (top) and Q03 (bottom): the empirical constant relating Ug

and Uσ, α ≡ Ug/Uσ.

similar. Also, we see that the theoretical value of 0.8 for α is actually quite good

in a time-averaged sense, as the calculated values are within 5%. These results

suggest that using a constant value for α should be a good approximation, and

should allow Ug, and hence 〈U〉 to be obtained, given a suitable parameterization

for Uσ.

2.5.3 Wind Speed Parameterizations

We will assume that surface wind variance is primarily due to mesoscale circula-

tions driven by cumulus convection (Johnson, 1981; Jabouille et al., 1996; Esbensen

and McPhaden, 1996). If this is the case, U2
σ should be related to various measures

of the intensity of cumulus convection, some of which are available in large-scale

models. These measures may be available either directly, or through the use of

parameterizations for cumulus convection, precipitation, and so on. Because it

is not likely necessary or possible to reliably correlate surface wind variance with

cumulus convection at altitude on a 15-minute time scale, we chose to use 3-h

averaged data instead. Towards this purpose, we will redefine (2.3), the large-scale

averaging operator, to now incorporate domain-averaging of 3-h time-averaged data.

The intensity of cumulus convection may be measured using a number of quan-

 the empirical constant that relates 
Ug  and Uσ:  Ug / Uσ 

red line is theoretical value of 0.8



Parameterization of wind variance or 
gustiness due to convection
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Figure 2.14. Scatter plots of large-scale cumulus activity vs. U2
σ using consensus

data: (a) updraft cloud mass flux 〈Mu〉, (b) downdraft cloud mass flux 〈Md〉, (c)
vertical component of kinetic energy 〈KEw〉, (d) 〈Mu〉 + 〈Md〉, (e) 〈M2

u〉 + 〈M2
d 〉,

(f) surface precipitation rate 〈P 〉. Correlation coefficients, r2, display the quality
of the fits.
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