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Abstract

The study of the mesosphere and lower thermosphere (MLT) dynamics presents great challenges. One of them is trying

to find a dominant theory that explains mesoscales variations. Recently, Vierinen et al. (2019) introduced the Wind field

Correlation Function Inversion (WCFI) technique that estimates spatial correlation functions (among other products) of the

wind velocity field in the MLT from multistatic specular meteor radar observations. The correlations can be determined for lags

in two dimensions (East-West and North-South directions), from which the frequently used hypothesis of horizontal isotropy on

correlation functions of the fluctuating wind can be examined. Moreover, using the two dimensional correlation functions of the

fluctuating wind, we investigate the two-point correlations of vertical vorticity (Qzz) and horizontal divergence (P) (Lindborg,

2007). Assuming that the velocity field is statistically homogeneous in horizontal planes of certain thickness, these functions

can be expanded to get similar, compact forms. Qzz and P are of great significance since they can provide information on

the relative importance of stratified turbulence and internal gravity waves to explain the mesoscale dynamics in the middle

atmosphere.
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Comparison between these two quantities can shed 
light on the relative importance of stratified 

turbulence and internal gravity waves. 

The vorticity tensor (𝑄𝑄𝑖𝑖𝑖𝑖) and horizontal divergence (𝑃𝑃) correlation functions are defined as (Lindborg, 2007):

Divergent modes predominance during the 
SIMONe 2018 campaign

• The wind field correlation function inversion (WCFI) technique (Vierinen et al., 2019) is 
used to reconstruct 2D correlation functions, distributed in horizontal lags that cover 
the mesoscale range (tens to hundreds of km). The method is applied in the 
mesosphere and lower thermosphere (MLT) using specular meteor radar observations 
from the SIMONe 2018 campaign.

• With the velocity correlation tensor components (𝑅𝑅𝑖𝑖𝑖𝑖′ ) we can calculate other 
parameters, e.g. the correlation functions of the vorticity tensor vertical component 
(𝑸𝑸𝒛𝒛𝒛𝒛) and the horizontal divergence (𝑷𝑷) (Lindborg, 2007).

• The comparison between these two functions can provide information on the relative 
importance of stratified turbulence and internal gravity waves in the MLT.

𝑄𝑄𝑖𝑖𝑖𝑖 𝒔𝒔 = 𝜁𝜁𝑖𝑖(𝒓𝒓)𝜁𝜁𝑗𝑗(𝒓𝒓 + 𝒔𝒔) ; 𝜻𝜻 = 𝛻𝛻𝒓𝒓 × 𝒖𝒖′ 𝑃𝑃 = 𝛻𝛻ℎ � 𝒖𝒖′ℎ(𝒓𝒓) 𝛻𝛻ℎ � 𝒖𝒖′ℎ(𝒓𝒓 + 𝒔𝒔)
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2D correlation functions determination
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The determination of 𝑅𝑅𝑖𝑖𝑖𝑖′ is developed in two steps:
1. Meteor pairs selection procedure: (1) look for meteors separated 

no more than Δ𝜏𝜏 (temporal resolution), (2) the vertical separation 
of meteors must not exceed Δ𝑠𝑠𝑧𝑧 (vertical resolution), (3) meteor 
pairs should be in the interval 𝒔𝒔 ± ⁄Δ𝒔𝒔 2 = 𝑠𝑠𝑥𝑥 ± ⁄Δ𝑠𝑠𝑥𝑥 2 , 𝑠𝑠𝑦𝑦 ± ⁄Δ𝑠𝑠𝑦𝑦 2 .

2. Solution of the linear system 𝒚𝒚 = 𝑨𝑨 �𝒙𝒙 + 𝜼𝜼. The system is formed by 
multiplying line-of-sight radial velocities (𝑟𝑟 = 2 𝜋𝜋 𝑓𝑓 = 𝒌𝒌 � 𝒖𝒖 + 𝜉𝜉 ) of 
two meteor pairs

considering every meteor pair and taking the expected value (the 
errors 𝜉𝜉 are considered zero-mean, independent, and normally 
distributed random variables.)

Meteor-pair selection diagram for 2D 𝑅𝑅𝑖𝑖𝑖𝑖′

• 7-day campaign in November 2018, conducted over northern Germany (Charuvil Asokan 
et al., 2021).

• A multistatic SMR approach was implemented: 14 multilinks, 8 of them new.
• ~105 meteor detections per day in a 500 x 500 km area of the MLT. This is 10 to 20 times

the amount of detections of monostatic SMRs.

SIMONe 2018 data

2D zonal and meridional correlation functions

• Strong correlation values of 𝑅𝑅𝑢𝑢𝑢𝑢′ and 
𝑅𝑅𝑣𝑣𝑣𝑣′ near the origin. They decrease 
as the distance from the origin 
increases.

• 𝑅𝑅𝑢𝑢𝑢𝑢′ ≃ 0 in the entire domain, i.e., 
no preferential direction for the 
fluctuating wind during the 
campaign. 𝑢𝑢 and 𝑣𝑣 are 
uncorrelated.

• The errors of the three components 
increase as the lag values grow.

• There are less number of pairs in 
longer lags to resolve the 
correlations.

• To calculate 𝑄𝑄𝑧𝑧𝑧𝑧 and 𝑃𝑃,  we convert 𝑅𝑅𝑢𝑢𝑢𝑢′ and 𝑅𝑅𝑣𝑣𝑣𝑣′ to longitudinal (𝑅𝑅𝐿𝐿𝐿𝐿′ ) and transverse 
(𝑅𝑅𝑇𝑇𝑇𝑇′ ) components after applying WCFI, i.e., a post-statistics approach. 

• The conversion relations (not just for fluctuating winds) are given by:

under the condition

• A 2/3-power law is used to fit the 
observations (-5/3 exponent in wavenumber 
domain).

• 𝑅𝑅𝑇𝑇𝑇𝑇′ shows a longer decorrelation distance 
than 𝑅𝑅𝐿𝐿𝐿𝐿′ . For 𝑅𝑅𝐿𝐿𝐿𝐿′ , this distance is 𝑠𝑠ℎ ≃

𝑠𝑠𝑥𝑥2 + 𝑠𝑠𝑦𝑦2 ≃ 360 km.

The structure functions can be determined as:

• Remarkable agreement of 𝐷𝐷𝐿𝐿𝐿𝐿′ with a 2/3-
power function.

• 𝐷𝐷𝑇𝑇𝑇𝑇′ shows larger dispersion but the 2/3-
power law is still a good approximation.

Assuming homogeneity and horizontal isotropy, 𝑃𝑃 and the vertical component of 𝑄𝑄𝑖𝑖𝑖𝑖 are

Replacing the correlation fits into these expressions, yields:

𝑄𝑄𝑧𝑧𝑧𝑧 = 𝑞𝑞1𝑠𝑠ℎ
− ⁄4 3,       𝑃𝑃 = 𝑝𝑝1𝑠𝑠ℎ

− ⁄4 3

With

The solution is:

Original solution by Lindborg, (2007) in the UTLS
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