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TTL Wave Effects on Cirrus

Boehm & Verlinde [2000]
Observations at Nauru

in equatorial Pacific
showed Kelvin wave
modulation of cirrus.
Implied a role for waves
in dehydration of the
stratosphere.

Occurrences

-6

-5

4 -3 2 -1 0 1
Temperature Perturbation(K)

Altitude(km)

25

[
<

[y
wn

10

30-day Intensive Observation Period
Radiosonde T anomalies & Cirrus from Lidar

AN
oG

=)

B

T ‘- 'Y,
N

W2 e T
NV

on July §

06/28/99

Initial cirrus ‘

( 06/22/99
| 12z

_1

|
|

P 00Z
- 1
June 19 June 24 June 29 July 4 July 9 July 14
Date (0 Z)

Cirrus occurrence above 15 km...
almost exclusively in cold phases of
tropical waves




TTL Wave Effects on Cirrus

Wave variance near the cold point is under-represented in ERA-Interim

Kim & Alexander [2013]
Western Pacific Radiosonde Sites
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How important are these higher
frequency waves to cirrus formation?

* Regional patterns?

e Seasonal and interannual variations?




ATTREX Flight 6-7 March 2014

SATZ Water Vapor Channel; 150mb winds; 150mb Thermal Tropop: ause
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ATTREX Flight 6-7 March 2014

01403070032 MTSATZ Water Vapor Channel; 150mb winds; 150mb Thermal Tropop: ause
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Flight segments
along constant
latitude ~6.5°N

* Total length
~2000km
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ATTREX Flight 6-7 March 2014

01403070032 MTSATZ Water Vapor Channel; 150mb winds; 150mb Thermal Tropop: ause
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12-hourly
Radiosonde
Observation




LATITUDE

ATTREX Flight 6-7 March 2014
“Wave Flight”
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ATTREX Flight 6-7 March 2014
“Wave Flight”
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06—07 March 2014

ATTREX Flight 6-7 March 2014
“Wave Flight”
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CPL shows cirrus
sloping east-to-west
with altitude

Slope is consistent with
westward wind shear
or westward wave
propagation.



ATTREX Flight 6-7 March 2014
“Wave Flight”

06—07 March 2014
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* Slope is consistent with
vertical wind shear or
westward wave T’

* Dramatic changes on
timescales > 2hr
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ATTREX Flight 6-7 March 2014

Compute Temperature Anomalies from 30-day time-mean T profile
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Temperature anomalies reveal
fine-scale vertical structure
~1-2 km observed by MMS.
Horizontal structure > 1000km.
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ATTREX Flight 6-7 March 2014

Similar anomalies also seen in Zonal and Meridional Wind
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ATTREX Flight 6-7 March 2014

Relationships between FCDP Particle Counts and Temperature Anomalies

Qutbound at 6.5N
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ATTREX Flight 6-7 March 2014

Relationships between FCDP Particle Counts and Temperature Anomalies
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Radiosonde Profiles at Chuuk

Anomalies from 30-day Means Filtered to retain short A, < 4 km
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Radiosonde Profiles at Chuuk

S-Transform: Time History of Frequencies of Variability




Radiosonde Profiles at Chuuk

S-Transform: Time History of Frequencies of Variability
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High frequencies (periods ~ 1day)
likely influenced by missing data
on Day +1




Radiosonde Profiles at Chuuk

S-Transform: Time History of Frequencies of Variability
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* Low frequency wave
(period ~10 days) is

Kelvin wave.
) 9 -5 O 5 0 * Temperature anomaly
is weak on flight day.




Radiosonde Profiles at Chuuk

S-Transform: Time History of Frequencies of Variability in the TTL

Wave with period ~ 3 days present on the
flight day and several days prior.




Radiosonde Profiles at Chuuk

S-Transform: Cospectra reveal additional wave properties
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Quadrature in (U,V), (U,T), and (V,T) reveal the
3-day inertia-gravity wave is propagating
northwestward relative to the wind.

O
o)

o
~

Frequency (day™ ')

O
N

Quadrature UT (K){m/s)

o
N

Frequency (day™ )

0.2

0.0

-15 =10 -5 0 5 10
DAYS from 7 Mar 07

Quadrature VT (K)(m/s)
1.0 i

0.8

0.6

Q.4

Frequency (day™)

0.2

0.0

-15 -10 -5 0 5 10
DAYS from 7 Mar 0Z



Conclusions

Analysis of the “Wave Flight” at 7°N on 6-7 March 2014.

 Evidence that cold layers ~1-2 km deep due to waves are
influencing cirrus formation.

* Both 10-day Kelvin wave and 3-day inertia-gravity wave signals
with vertical wavelengths < 4km are observed at Chuuk in days
leading up to the flight.

 Waves of such fine vertical scale are not resolved in reanalyses.

 The 3-day wave appears to be the dominant signal on flight day...
an observational first for inertia-gravity waves influencing tropical
cirrus formation?

Further work planned to compute the wave horizontal structure
utilizing additional radiosondes and MTP observations and hope to
evaluate wave effects on dehydration.



