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Small-scale vertical motions and TTL cirrus
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In tropical tropopause layer cirrus

Small-scale vertical motions

Large-scale wave activity (<100 km, 1 m per second)
(100 km to thousands of km,_1 cm per second) Creates temperature
Creates temperature anomalies slowly anomalies quickly

Large-scale ascent (1000s of km, 1 mm per second)



Flight tracks from ATTREX 2013 and 2014
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Example flight from ATTREX

Analyze horizontal flight legs at ~14.2 km

"

Clouds

Ul !
85000 90000 95000 100000 105000
Seconds after 0 UTC of flight start day

110000

115000

120000

=
o
N

=
o
&

1064 nm backscatter (km-1 sr-1)

=
o
~

10>



ldentify small-scale gravity waves and turbulence
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How common are gravity waves and turbulence?

Classifications of all 5 km segments
75 30

Quiescent

LW GWA only 580

1235

527

LW GWA with
turbulence

» Long wavelength gravity wave

» Turbulence co-occurs with gravity

» Three situations are dominant

activity is detected 75% of the time

wave activity 95% of the time

Long wavelength gravity wave activity

Negligible
Short wavelength gravity wave activity
Turbulence



How do they affect cirrus clouds?

B Quiescent X LW GWA only Hl LW GWA with
turbulence

0.85% 40%

Clear-sky (NI = 0)
Low-NI (NI < 20 L)

Clear-sky (IWC = 0)
Low-IWC (IWC <1 mg m3)




Small-scale vertical motions and TTL cirrus

We found the first observational evidence that small-scale
motions are key to forming high-NI and high-IWC TTL cirrus!

Can we‘capture these small-
scale motions in global models?

(<100 km, 1 m per second)
(100 km to thousands of km 1 cm per second)

Creates temperature
Creates temperature anomalies slowly

anomalies quickly

Large-scale ascent (1000s of km, 1 mm per second)



Evaluate small-scale vertical

winds in four simulations from
DYAMOND-1

» Horizontal grid spacings < 5 km

» Explicit deep convection (no
parameterization)

» Turbulence is unresolved so we
only evaluate small-scale gravity
wave activity




Can we model small-scale gravity waves?
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Power Spectral Density of vertical wind (m?2 s-2)
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Can we model small-scale gravity waves?

ATTREX Level Legs
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Power Spectral Density of vertical wind (m?s-?)
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Example flight from ATTREX

Analyze horizontal flight legs at ~14.2 km
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Close-up on ATTREX lidar images
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%1 Wavy structures on different scales Small-scale variability at cloud top & .

embedded within a wavy cloud layer (radiatively-driven turbulence?)
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There is great qualitative information about fine-scale dynamics in these lidar
images. How can we get quantitative information from them?
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Fourier spectra on lidar images
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Wavelet analysis on lidar images
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Aircraft observations of gravity waves, turbulence

and clouds in the tropical tropopause layer

75 30

LW GWA only 580

1235

> Gravity wave activity is
present 75% of the time

» Turbulence nearly
always co-occurs with
gravity wave activity

M Quiescent X LW GWA only M LW GWA with

Quiescent turbulence

0.85% ? '
S 20 X 50 X

0.7% 14%

turbulence and gravity waves )
are key to forming high-IWC and
high-NiI cirrus

» Found observational evidence to
support the result of modelling
studies
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Small-scale motions (from both | >
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Most GSRMs have too
little vertical wind
between 10 and 100 km

Horizontal and vertical
grid spacing are likely
limiting factors

» Fine-scale
dynamics are
visible by eye
in ATTREX
lidar images

» Suggestions?




