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Introduction and motivation
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Introduction and motivation

Question:

* |s it possible to identify cross-isentropic mixing
processes during a mountain wave event based on
the distribution of trace gases?



Tracers: N,O and CO

* N,O and CO are
tracers for diagnosing
mixing

* both having a vertical
gradient in the lower
stratosphere
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Case study: DEEPWAVE flight 9



DEEPWAVE flight 9
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PV cross-sections

Potential vorticity on 228 hPa, 20140712 18 UTC

Potential vorticity along flight path
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Time series of flight 9
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N,O - CO correlation JGU
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N,O - CO correlation JGU

N2O [ppbv]
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Region of mixing

Flight 9
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Tracer distribution and mixing



Tracer distribution and mixing
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* Hypothesis:

— windward side: background N,O profile

— mixing and turbulence induced by mountain waves
change the gradient of N,O and potential temperature

— leeward side: new modified N,O profile



potential temperature [K]

N,O profile JGU
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Scale analysis
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Scale analysis
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How do the slopes
depend on the
averaging time
scale (and thus on
the wavelength)?

IIIII|IIIIIIIII|IIll|IIII|‘IIIIIIIII]IIII Illl]lIIIIIIII||III|IIII|IIIIIIIII|

&
II|IIII|III||IIIIIIIII[IIII IIII|IIII|IIII|IIII|III

-4 22 0 2 4

AN,O [ppbv] 21



Scale analysis

slope [K/ppbv]
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* slope values for the relation of Theta and N,O as a function of
averaging time separated into the regions upstream (blue),
above mountains (black) and leeward of the mountains (red)

* long time scales (i.e. wavelengths): different slopes upwind
and downwind



Scale analysis

slope [K/ppbv]
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* short time scales slope change occurs for the transition from
short to long time scales indicating the effect of small scale
turbulent mixing on the tracer slope

* slope changes at small scales = waves may induce cross-
iIsentropic mixing 23



Wavelet coherence



Wavelet coherence
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wavelet coherence (color) is a measure of the intensity of the
covariance of the two time series

the arrows show relative phasing of two time series (right:
anti-phase) .



Wavelet coherence

wavelet coherence N20-Theta
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Power spectral density



Power spectral density
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Graphical Turbulence Guidance



Mountain wave turbulence §€®

GTGMWT along flight path
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e Graphical turbulence guidance analysis (Bramberger et al., 2019)
confirms the occurrence of turbulence in the region of analysis -,
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Summary



Summary

CO-N,O correlation of high resolution airborne
measurements of gravity wave induced mixing

above New Zealand during DEEPWAVE 2014 shows
signatures of mixing

the slope changes could be a hint for cross-
Isentropic mixing

Wavelet coherence supports the results of the slope
analysis

-5/3 slope and GTG calculations indicate the
existence of turbulence

mountain waves could lead to cross-isentropic
mixing



