Superpressure Balloon Studies of
Atmospheric Gravity Waves in the
Stratosphere

Robert Vincent

THE UNIVERSITY

o ADELAIDE




lNtroduction

e Super pressure balloons are a powerful way to derive
ravity wave momentum fluxes

 Problems occur at periods shorter than about 20 min




SPB Equation of Motion

Following Nastrom (1980) the equation of motion in the vertical direction is:
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1.e. net force = buoyancy force + drag force + dynamic force

This can be simplified to
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For a gravity wave of intrinsic frequency w and vertical velocity amplitude w,
the instantaneous vertical velocity is W' = w,e™ "
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(1) can be solved numerically

Time (hr)

Example:
Wave with 15 min intrinsic period, w,=1 ms™
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Red curve 1s numerical solution

Response contains only odd harmonics 4 :
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Vertical Displacement (m)

2.0
Time (hr)

Wave packet 7 = 15 min
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Normalized Frequency

Harmonic distortion increases as wave amplitude increases
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Quasi-Analytic Solution

If the vertical displacement of air parcel is {’ then let g—’; — 7= A

(1) becomes:
—&°() = @kl + ANPL — A(—ie¢, + iel)| — iwl, + el | — &




Note the limiting values of |Z| and ¢ when the balloon is on its
equilibrium density surface (EDS) - isopycnic balloon.
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For reference
Antarctic:
N=0.023 rad s~! v = 4.6 min




Relative Response
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60 min
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7 =15 min

Note significant phase shift, p(®),
when 7 < 20 min



SPB Measurements

Horizontal position: x(z), y(¢) — u(t), v(¢

Vertical position:

Pressure: e =




Characteristics of GW Generated by Convection

Significant part of momentum flux spectrum at periods less than 20 min
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Typical phase speeds ¢ ~ 0 — 60 ms™




High-Resolution GPS Observations
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Zhang et al., (2016) Improvement of stratospheric balloon GPS positioning and
the impact on gravity wave parameter estimation for the Concordiasi campaign
in Antarctica, JGR, (under review). G,ravi’[y Wave Symposium 15



- Direct Computation of w’

Simple version

1. In wavelet space find peak value of 1’2|| S )

2. Estimate peak value of (; at this location

3. Find range of periods that are significant




| -Direct Computation of w’
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Notice distortion
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Displacement (m)

¢’ before phase correction ¢’ after phase correction
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1[-Direct Computation of w’
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Flux Retrievals - Single Wave
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Flux Retrievals - Multiple Waves

Aluw)luw,,
Direction Difference (deg)

Ble\isNelellgle

add PSP N PP | e Add PP |

10 100 10 100 10
Intrinsic Period (min) Intrinsic Period (min) Intrinsic Period (min)

Up going

Py
o

Aluw)luw,,
5

8 o
Direction Difference (deg)

Phase Speed Difference (ms”)

¥
¥

10 100 10
Intrinsic Period (min) Intrinsic Period (min)

:

Gravity Wave Symposium




Conclusions

* Objective method for converting vertical SPB
iIsplacements to vertical parcel displacements

* Requires high resolution GPS measurements of SPB
position In horizontal and vertical




