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Atmospheric gravity wave

Atmospheric gravity
waves are an oscillation
characterized by a
restoring force by
buoyancy

Wave periods:
buoyancy (5-10 min. fo
inertial (12 hrs to
several days) periods

z SpN3TITY

Vertical wavelength:
up to 20-30 km or even
larger

F

i
W

T g
V'@ =5, ( oz +§>

Temperature T

characteristics

Summer

Horizontal scale: Generation mechanisms of atmospheric gravity waves

few tens to « meteorological disturbances, typhoons, cyclones, fronts, etc.

thousands km

convection in the tropics

unstable behavior of jet stream, like wind shear, geostrophic adjustment, etc.
interaction of surface winds and topography (orographic or mountain waves)
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Gravity wave detection from space

e.g. AIRS, AMSU e.g. MLS — e.g. CLAES, GPS

w“%

Fig. 1. Three types of satellite viewing geometry where GW-induced temperature perturbations can be measured: (a) nadir/slant path; (b) opaque
limb path; (c) transparent limb path. Each has different sensitivities in horizontal and vertical wavelengths. From Wu et al. (2006. ASR)
Satellite Instrument Sensitivities

° ° ° ° 100
Sensitivity to gravity waves e,
. whose phase fronts _ s -
a withlarge = b .- roughly in parallel C with small T = ;
h to the LOS h % 10-!.-"': . ="
RO: Az min > 2 km for z < 30 km (Marquardt and Healy, 2005) ’ _—
Apmin > 100 — 200 km (Jacobi and Lange, 2003) a ;
1 10 100 1000 10000
Horizontal Wavelength (km)
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Gravity wave analysis

Temperature and Background Profile Temperature Fluctuation Profile
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190

— Temperature background (large-
_
= | scale temperature)
]
u <::;:’ Horizontal detrending
5| — | Dynamical RO climatologies Daily climatologies
e
= At=1 day (10°x15° lat/lon) based on model
0| — | At==%3 days (10°x15° lat/lon) data (ERA-I, ERA-5,
—— At=+7 days (10°x15° lat/lon) etc.) (
il ED | At=+15 days (2°X1O° Iat/Ion) (Schmidt et al., 2016 for RO)
_%_ (Yan et al., 2010 for HIRDLS)
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Temperature [K]

Daily temperature climatologies
Vertical detrending

Methods: = —

- low-pass filtering N=1  N=2 e I\(ij72I
- polvnomial -6 from the longitudina
POty : 5x5 lat/lon, variations at each altitude
- cubic spline 100 m from 0-40 km (10-40 km, Az=100m) are

- other fits /

determined using a FFT and
finally WN 0-6 define the tempe-
ture background

(Schmidt et al., 2008 for RO)
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Gravity wave activity

Potential energy as a proxy for
gravity wave activity and their Potential energy (25km), JAN
sources (Tsuda et al., 2000) -

W)

Potential energy can be
estimated from a single
temperature profile

Potential energy (25km), JUL

1
Ep(Z) — E

N
| @

N
~I| ~D
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Gravity wave momentum flux

2 /2
Vertical flux of horizontal P AZ g T 2T
momentum that can be carried by F (Z) = —— (—) = Ay = k_
GWs (Ern et al., 2004) 2Ay \N/ \T h
Phase shift estimation of nearby Ay
(time and location) profiles = 4T Ax;; Pij =7 bij = k(xi =) + 1y —y;) — 0t =)
X[North]
- three profiles for . true"
horizontal wavelenght
- during the beginning
of the COSMIC
mission
Faber et al., AMT, 2013
_____ Schmidt et al., JGR, 2016
LOS within 10 deg!
»X [East]
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Gravity wave momentum flux

COSMIC-1 June-August 2006
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Number of triples
COSMIC-1, Metop COSMIC-2, Spire, and Metop

Number of RO triples (<250km,< 1 5mln) Monthly number of triples (<250 km; <15 minutes)
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Monthly mean potential energy

Monthly potential energy (20-25 km) Monthly potential energy (25-30 km) Monthly potential energy (30-35 km)
Oct 2019 to May 2022 Oct 2019 to May 2022 Oct 2019 to May 2022
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Monthly mean vertical wavelength

Monthly mean vertical wavelenght (20-25 km)
Oct 2019 to May 2022

Monthly mean vertical wavelenght (25-30 km)
Oct 2019 to May 2022

Monthly mean vertical wavelenght (30-35 km)
Oct 2019 to May 2022
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Latitude [deq]

Monthly mean horizontal wavelength

Monthly mean horizontal wavelenght (20-25 km)
Oct 2019 to May 2022

Monthly mean horizontal wavelenght (25-30 km)

Oct 2019 to May 2022

Monthly mean horizontal wavelenght (30-35 km)
Oct 2019 to May 2022
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Monthly mean momentum flux

Monthly mean momentum flux (20-25 km) Monthly mean momentum flux (25-30 km) Monthly mean momentum flux (30-35 km)
Oct 2019 to May 2022 Oct 2019 to May 2022 Oct 2019 to May 2022
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Summary and outlook

Some conclusions from last OPAC workshop in 2016 were:

 Absolute gravity wave momentum fluxes are possible from RO data, but are limited due to
the temporal and spatial data availability.

« COSMIC-2 could improve the requirements for MF determination.
COSMIC-2 and Spire improved it!
« RO measurements provide an excellent data base for the study of gravity wave parameters.

« The general challange for all gravity wave observing systems are the background
determination (detrending) and planetary wave removal.

* Next we will try to use quartets of femperature profiles to estimate the phase speed that
was already demonstrated for one quartet from COSMIC-1.
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