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Thesis title:- Scale Interactions in the Stably Stratified Boundary 

 Layer and the Role of Low-Level Jets 



Microwave  

Radiometer 

10 km @ 50/100 m 

@ 2 min 

Wind lidar Tower  

 

Eddy covariance  

 

Slow response sensors 

6 m @ 0.1 s 

Variances, Fluxes, TKE etc. 

2 m and 12 m @ 30 min 

Gradients 

100 -500 m @ 50 m 

12 s or 5 min 

Structure of NBL during monsoon and instruments used 
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Vertical profiles of Mixing Ratio (MR), T and θ 

 Boundary Layer height ~ 500 m 
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EC data processing 
 each record duration = 

30 min 

 total no of records: 24 

 despiked (Vickers and 

Mahrt, 1997) 

 co-ordinate rotated 

(Kaimal and Finnigan, 

1994) 

 detrended (Kaimal and 

Finnigan, 1994) 

 

 

 

Gradient Richardson Number 
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Wind and shear profile from Lidar 

 strong vertical shear in 

horizontal wind near 100 m 

at around 19:30 and 23:00 

IST, 15-08-2011 
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Wavelet Analysis 

• time-series analysis 

• decomposing a signal into both space and time domain 

• wavelet = an analyzing function, local in space 

• can be orthogonal or non-orthogonal 

• continuous wavelet transform requires non-orthogonal basis  

• In present work MatLab codes by Torrence and Compo, 1998 has been used 

 

 

Morlet Wave-function: 

choice of scales: 

Wavelet Power : 

Co-spectra: 

• Cross-spectrum = WA
n(s). WB*

n(s) 

• Co-spectra = Re{Cross-spectrum} 
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Scale separated  variance with periodicity of 10-16 min   
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Illustrating the co-variation with the LLJ 
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450m and 500m
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vertical kinematic fluxes of Turbulent Kinetic Energy [TKE = 
1

2
(< 𝑈′2 >+< 𝑉′2 >

+<𝑊′2>] and Sensible Heat from Wind-Lidar and EC 
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0.033-1min scale-averaged powers during different regimes 

stable 

intermittent 

0 5 10 15 20 25 30
0

0.01

0.02

0.03

0.04

0.05

0.06

 

 

18:00 IST, 15-08-2011

Significant level @ 18:00 IST, 15-08-2011

18:30 IST, 15-08-2011

Significant level @ 18:30 IST, 15-08-2011

21:00 IST, 15-08-2011

Significant level @ 21:00 IST, 15-08-2011

21:30 IST, 15-08-2011

Significant level @ 21:30 IST, 15-08-2011

22:00 IST, 15-08-2011

Significant level @ 22:00 IST, 15-08-2011

0 5 10 15 20 25 30
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

 

 

19:30 IST, 15-08-2011

Significant Level @ 19:30 IST, 15-08-2011

20:00 IST, 15-08-2011

Significant Level @ 20:00 IST, 15-08-2011

23:00 IST, 15-08-2011

Significant Level @ 23:00 IST, 15-08-20

23:30 IST, 15-08-2011

Significant Level @ 23:30 IST, 16-08-20

00:00 IST, 16-08-2011

Significant Level @ 00:00 IST, 16-08-20

00:30 IST, 16-08-2011

Significant Level @ 00:30 IST, 16-08-20

01:30 IST, 16-08-2011

Significant Level @ 01:30 IST, 16-08-20

A
v
er

ag
e 

V
ar

ia
n

ce
 (

m
2
.s

-2
) 

Time (min) 



0 5 10 15 20 25 30
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 

 

19:00 IST, 15-08-2011

Significant Level @ 19:00 IST, 15-08-2011

22:30 IST, 15-08-2011

Significant Level @ 22:30 IST, 15-08-2011

stable  

To 

intermittent 

transition 

new 

definition of 

onset?? 

0 5 10 15 20 25 30
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 

 

20:30 IST, 15-08-2011

Significant Level @ 20:30 IST, 15-08-2011

03:00 IST, 16-08-2011

Significant Level @ 03:00 IST, 16-08-2011

intermittent 

To 

stable 

transition 

Time (IST) 

A
v

er
ag

e 
V

ar
ia

n
ce

 (
m

2
.s

-2
) 



Probability Distribution Function 

 normalized by variance 

 distribution deviates significantly  

     during stable to  

     intermittent transition periods 
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Conclusions 

• NBL is not as ‘calm’ as claimed in literature i.e. Large-scale eddies are present in 

Monsoon NBL. 

• These do not account for the mixing processes properly [56]. Present work explicitly 

shows importance of turbulent eddies during night-time for mixing and transport. 

• LLJ plays crucial role in genesis of turbulence via strong mechanical shear and 

subsequent propagation downwards. This leads to an upside-down boundary layer. 

Intermittent nature of NBL can be attributed to the shear generated turbulence with 

the  LLJ. 

• Interaction among different scales of eddies have been studied. This shows 

generation of turbulence by LLJ in form of large-scale eddies. These in turn 

introduce smaller eddies in lower levels resulting in energy-cascade. 

• Interesting features have been observed during stable to intermittent transition 

suggesting possibility of formulating a new definition for onset of intermittence. 

• In this work well-coherence is observed between TEI and Ri in predicting the 

onset of intermittence unlike in Nakamura and Mahrt (2005) 

• CAIPEEX-IGOC could provide integrated picture of the cloud layer NBL 

interactions. 

03/07/2019 Prof. R. Ananthakrishnan Colloquium, IITM Pune 



Selected References 
• Vickers, D. and Mahrt, L. (1997). Quality control and flux sampling problems for tower and aircraft data. 

Journal of Atmospheric and Oceanic Technology, 14(3):512–526 

• Kaimal, J. and Finnigan, J. (1994). Atmospheric Boundary Layer Flows,. Oxford Univ. Press, New York 

• Nakamura, R. and Mahrt, L. (2005). A study of intermittent turbulence with cases-99 tower measurements. 
Boundary-Layer Meteorology, 114(2):367–387. 

• Torrence, C. and Compo, G. P. (1998). A practical guide to wavelet analysis. Bulletin of the American 
Meteorological Society, 79(1):61–78 

• Prabha, T. V., Leclerc, M. Y., Karipot, A., and Hollinger, D. Y. (2007). Low-frequency effects on eddy 
covariance fluxes under the influence of a low-level jet. Journal of Applied Meteorology and Climatology, 
46(3):338–352 

• Prabha, T. V., Leclerc, M. Y., Karipot, A., Hollinger, D. Y., and Mursch-Radlgruber, E. (2008). Influence 
of nocturnal low-level jets on eddy-covariance fluxes over a tall forest canopy. Boundary-Layer 
Meteorology, 126(2):219–236 

• Karipot, A., Leclerc, M. Y., and Zhang, G. (2009). Characteristics of nocturnal low level jets observed in 
the North Florida area. Monthly Weather Review,137(8):2605–2621 

• Sun, J., Burns, S. P., Lenschow, D. H., Banta, R., Newsom, R., Coulter, R., Frasier, S., Ince, T., Nappo, C., 
Cuxart, J., et al. (2002). Intermittent turbulence associated with a density current passage in the stable 
boundary layer. Boundary-Layer Meteorology, 105(2):199–219 

• Holtslag, A., Svensson, G., Baas, P., Basu, S., Beare, B., Beljaars, A., Bosveld, F., Cuxart, J., Lindvall, J., 
Steeneveld, G., et al. (2013). Stable atmospheric boundary layers and diurnal cycles: challenges for 
weather and climate models. Bulletin of the American Meteorological Society, 94(11):1691–1706 

• Sandu, I., Beljaars, A., Bechtold, P., Mauritsen, T., and Balsamo, G. (2013). Why is it so difficult to 
represent stably stratified conditions in numerical weather prediction (nwp) models? Journal of Advances 
in Modeling Earth Systems, 5(2):117–133 

 

 

 

03/07/2019 Prof. R. Ananthakrishnan Colloquium, IITM Pune 



Thank You ! 
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Cone of Influence (COI): 

• Analysis is done in frequency domain. Fourier Transform (FT) is performed for 

position (r) to momentum (k) space transformation. 

• Data is assumed to be cyclic. 

• Edge-effects creep in. 

• Padded to nearest power of zero. 

• COI = e-folding time of auto-correlation of wavelet power at each scale. 

 
Significant level: 

•  An appropriate back-ground for checking significance. 

•  White Noise: equal power at all frequencies. 

 

 Scale-averaging: 

• Averaging of power (variance) within a range of scales 

• Reconstructed time-series to look at relative contributions. 
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