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Motivation:

Turbulence has major impacts on aviation:

Impacts of turbulence
Turbulence has major impacts on aviation. According to a review of National Traffic Safety 
Board data from 1992 to 2001 by the National Aviation Safety Data Analysis Center, turbulence 
was a factor in at least 509 accidents in the United States, including 251 deaths (mostly in 
the general aviation sector). Additionally, the FAA Joint Safety Analysis Team estimated that 
there are more than 1,000 minor turbulence-related injuries on commercial aircraft annually. 
Airlines lose millions of dollars every year due to turbulence because of injury claims, 
delays, extra fuel costs, and aircraft damage.

NCAR News Release

NCAR Teams with United Airlines to Pinpoint Turbulence in Clouds;
Research Can Help Reduce Delays, Injuries, Costs
September 6, 2007
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Turbulence index = 1 (light) Turbulence index = 4 (moderate)

Turbulence index = 5 (severe)
Colours for measurement height in [m]
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EDR as part of the budget for sub grid scale kinetic energy SKE:
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Turbulence closure on level 2.5 (according to MY):

• We solve the system of reduced second order equations (after substituting the 
turbulent stress tensor by its traceless form) 

using special closure assumptions in order to express the 
unknown statistical moments in those equations

• They are in accordance only with a special class of  sub grid scale structures that 
we call turbulence (stochastic isotropic)

- In particular we neglect all transport terms and time tendency terms

- but we use a

- closure of pressure correlation and dissipation terms according to 
Rotta and Kolmogorov using a turbulent length scale according to Blackadar

yielding in particular:
lEDR

3qEDR
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All reduced second order budgets degenerate to a system of linear equations

prognostic  equation for turbulent SKE (TKE)

l
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• Neglect of all horizontal gradients (BLA) in the second order budgets:
The only relevant vertical flux densities have got flux gradient form
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Cross section of model output over the chosen USA domain 

from North to South cutting the jet stream

Turbulenzvorhersage für die Luftfahrt Matthias Raschendorfer 16.04.2008
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EDR from turbulence model

- improved by consideration of  horizontal shear
and related length scales as an additional TKE 
production

- Improved by considering the interactions 
between turbulence and mountain blocking

- Improvement by considering the interactions 
between turbulence and convection

Other proper turbulence indicators, like
- Ri-number, vertical gradients of temperature und wind
- Horizontal shear
- large scale surface roughness
- …

regression 
model EDR from aircraft 

measurements
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Aim of the DWD-Project: 
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3D-shear production for turbulent-isotropic structures:

isotropic-turbulent contribution to the stress tensor

l⋅⋅= MM SqK isotropic-turbulent diffusion coefficient

Isotropic-turbulent 3D shear term:
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Separated horizontal shear mode:
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Separated horizontal shear term:

effective mixing length of diffusion by separated 
horizontal shear eddies:

velocity scale of separated horizontal shear eddies

1H <β related scaling parameter

Equilibrium with scale transfer towards the  turbulence mode:
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effective scaling parameter

Parameterization of the separated horizontal shear mode:
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The wake production term:
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10X10 GP above Appalachian 
mountains
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• 3D-shear terms have got a significant effect only, when formulated as a scale 
interaction term producing TKE by shear of a separated horizontal shear mode with 
its own length scale

• Wake production of  TKE  by blocking can be formulated as a scale interaction term
as well and can be described by scalar multiplication of  the horizontal wind vector
with its SS0-tendencies yielding some effect above mountainous terrain.

Conclusion:

• Next we plan to introduce a vertically resolved roughness layer including a more 
sophisticated interaction between turbulence and topographic blocking.

Prospect:

• We intent to derive a similar scale interaction term from the convection scheme as well.
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Thanks for your attention!



Second order closure for the unknown statistical moments:

2-nd order budgets in TA:
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Solution in horizontal boundary layer approximation:

• Neglect of all horizontal gradients in the second order budgets:

The only relevant vertical flux densities have got flux gradient form:

φ∂⋅−=′φ′ φ
zKw

l⋅
⎭
⎬
⎫

⎩
⎨
⎧
⋅=φ

M

H

S
SqK turbulent diffusion coefficient for

vertical shear production( )2z
u uKSP ∂⋅=

vz
v

gKAP θ∂
θ
⋅−= θ

scalars

momentum

stability function dependent on                  and 

buoyant  production

( )2zu∂ vz
v

g
θ∂

θ

TKE2 ⋅ turbulent length scale

( )2z
M

vz
H

v uS
Sg

SP
APRi

∂
θ∂

θ
=−=:

Richardson-number

COSMO user  seminar Offenbach: 09-11.03.2009Matthias Raschendorfer



Neglect of ( )ψ ′′φ ′′ρtD , in particular all transport terms (equilibrium) except in the SKE equation 

Neglect of sub grid scale phase change production ( )ψφ φ ′′+ψ ′′ QQ  

Neglect of pressure transport pi ′φ ′′∂−  

 Bernoulli approximation constgz
2

pptot ≈ρ+
⋅

ρ+=
vv:  

 Confluence/diffluence model of local isotropy for a single mode of wave length kL : ( )
k

j
jj

v
v

l

φ ′′⋅′′
≈″φ∂⋅′′  

 φ′′

jx

jv ′′

kl0 kL

1. Primary turbulent closure assumptions:

1x

2x
3x

What is the idea of turbulence closure?
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2. Secondary turbulent closure assumptions:

- spectral density of contributing modes follows a power law in terms of wave length in each direction: 

- whole spectrum in a given direction is determined by a single peak wave length

- the peak wave length is the same for samples in all directions: isotropic length scale

- pressure correlation and dissipation can be closed using a single turbulent master length scale
for each location

inertial sub range spectrum

Turbulence is that class of sub grid scale structures being in agreement with turbulence closure assumptions!
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What is the remaining difficulty with circulations?

- they are related with at least one additional spectral peak

- or they cause different peak wavelengths in vertical direction compared to the horizontal directions:

anisotropic peak wave length
- larger peak wave length in vertical direction in case of labile stratification
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at least a two scale problem

Projekt: „Turbulenzvorhersage für die Luftfahrt“ Offenbach: 17.04.2008Matthias Raschendorfer


