Characteristics of Atmospheric Waves in the Stratosphere Revealed
by GPS Radio Occultation (RO) Temperature Data
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ABSTRACT

1. GPS radio occultation (RO) is an active limb-sounding satellite measurement,
which provides an accurate temperature profile below about 40 km with a very
good height resolution comparable to a radiosonde.

* The GPS RO data is useful to study meso-scale temperarture perturbations due to
atmospheric waves. COSMIC GPS RO data are used to derive the potential energy
(PE) from gravity waves with vertical wavelengths less than 7 km, and to study
longitudinal and latitudinal variavirities in cells of size 20°x5° and 10°x5° for 7day
and seasonal averaging, respectively.

2. PEin the Northern Hemisphere during 2006/07 winter

* Large PE at 17-23 km is mostly associated with the sub-tropical jet and shows
significant longitudinal variability. Some contribution to total PE from local
orographic sources may occur above the Canadian Rockies, Scandinavia and
northern Japan.

* Many of the waves are likely to have low ground-based phase speeds, as
observed by filtering around the 0-10 m/s background zonal wind.

* COSMIC results are compared with a T106L60 AGCM, confirming sub-tropical jet
related generation, upward propagation and low phase speeds of the observed
gravity waves.

3. Variations of PE in the tropics vs longitude, height and season

* In the tropics vertically propagating convectively generated gravity waves interact
with the background mean flow.

* PE enhancements around the descending 0 m/s QBO eastward shear phase line
are observed.

[ 1. Basic Concept of GPS Radio Occultation

GPS Signals received on a low earth orbiting (LEO)
satellite are used for an active limb sounding of the
atmosphere and ionosphere.

Bending of Radio Ray path

from the receiver height down to the surface. A
refractive index profle can be retrieved from the time
variations of the ray bending angles.
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RO and radiosonde

at Kuching, Malaysia.
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2-1 Latitude-height section of PE at 140 E(130-150E) with (top) GPS RO and (bottom) AGCM
Po s

COSMIC PE on 12 - 18 Dec 2006
[+ NCEP 7-day averaged zonal winds
o (red line, solid/dashed; eastward/
westward) shows strong winter
time sub-tropical jet
* Large PE along the jet from mid-
troposphere up to polar night jet

AGCM PE at 130-150E on 17 Jan;
similar wind conditions to the
results in (a)

« PE from waves with periods 6hr—1
month, A, < 7km, 380 <A, <
40,000km

« Note different colour scale

« Vectors show meridional and
vertical energy fluxes due toA, <
km

« N-H mid-latitude smﬂmpncal ]u has maximum eastward winds at 10 km and 35N.

+ Large PE above the jet

~ These wave seem to have smallground based phase velocios, and are erically ered out by the
westward wind shear. (Note: large decrease between 10 m/s and 0 m/s lines.)

« Larg the polar jet.

* Large tropical PE above about 30 hPa

, because i ity wave:
seem to have short periods (and short Az).

« As with COSMIC, larger PE is located equatorward of the sub-tropical jet and is also distributed upward
and poleward along the zonal wind contour lines.

« Large PE at 30-10 hPa at 40N are mostly due to gravity waves generated in the
tropical jet, propagating upward as indicated by the the vertical energy flux vectors.

« The polar night jet itself generates gravity waves which propagate upward and downward, as evident in
(b) by the downward flux vectors on the polar side of the jet above 20 hPa.

« Another consistency between the COSMIC and AGCM data is relatively low values of UTLS potential
energy at 20N, which is a region that also corresponds to weaker energy flux.
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2-2 Longitude-height section of PE at 40°N
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Comparison of data points
(temperature profiles) between
(right) GPS RO with 6 satellites of the
COSMIC project and

(left) routine radiosonde stations.

) i
e Yl

536

200

Routine radiosonde stations

n COSMIC GPS RO data on
(850 sites, 1-2 launches/day)

4 June 2007, 2081 points

+ GPS radio occultation (RO) can measure temperature profiles with a good height
resolution and accuracy, comparable to radiosondes.

+ COSMIC GPS RO data provides a unique opportunity to study a global morphology of
atmospheric gravity waves,

« We study distribution of gravity wave (potential) energy as a function of latitude,
height, longitude and season by using COSMIC data.

« The results are compared with the NCEP mean winds, OLR and an atmospheric
general circulation model (AGCM).

COSMIC GPS RO 06/07
stratospheric Northern Hemisphere potential energy lPE] from gravity waves with
m, and to study latitudinal
variability in cells of size 20°5°x7days and 10°x5°x1 month.
Wave potential energy, PE=1/2(g/NJ(T'/T,)?
g; acceleration of gravity, N; Brunt-Vaisala frequency,
T; temperature perturbation, T; background temperature
T106L60 AGCM: CCSR/NIES/FRCGC AGCM (Kawatani et al., 2005, GRL)
« Equatorial lon / lat interval of 1.125
« Top boundary 1hPa, but maximum useable level 10hPa
+ No GW drag parameterization
+ GW behavior using 3-hourly data in January during westward shear phase of QB0
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of COSMIC PE at 40N in i
" withthe background mean wind.
« Large PE near the
stratospheric wind level.
« The 0 m/s level extends from 100 to 300E in late December in (b) and filters out nearly all of the wave
energy entering the stratosphere.

(a). PE 1.2 )/kg around the 0 m/s

AGEM (c) 17 Jan and (d) 22:27 Jan, similar zonal winds to (a) and (b), resp.
* PE from AGCM and COSMIC well. In (c) large PE jet core.
in the region of ,whvl! PEis in

e regions.

« Zonal variation of PE vs ground based horizontal phase velocity (not shown) reveals that most PE above
30hPa eastward propag that these
westward in i
and Dunkerton, 1995; Kawatani et al., 2004].

« These waves reach their critical level thus the flux reduces substantially at 0-10 m/s wind line.

. luxes are due to gravity around the jet. On the other hand, the relatively
small PE I the westward stratospheric wind regions are due largely to westward propagating waves
relative to the ground.

fless than 10 mj [0'Sullvan

23 Horizontal distribution of PE in NH winter (DJF 2006/07) in 10°X5° cell at 17-23 km

5 Red contour: winter
mean NCEP u (m/s) at
500-100 h:

Black contour: winter

precipitation (mm/
day):

« Mean wintertime PE exceeds 2.4 J/kg above the Himalayas and eastern China. A separate peak of 2.2~
2.6 J/kg appears above Japan. The entire Asian mid-latitude region is located under a strong winter jet.

« Aregion of PE of up to 2.0 J/kg appears above the Eastern USA, similarly over a strong winter jet.

« For both the USA and East Asia, larger PE occurs over sea, despite the

+ PE directly above the Canadian Rocky Mountains s 1.2-1.6 /kg. This s in a low 500-100 hPa wind
speed long the west Canadian coastline.

« MU radar revealed winter-time gravity i d followed the
seasonal variation of jet-stream intensity [Murayama et al., 1994]. Other results pointed to orographic
sources [Sato, 1994; Ogino et al., 1999].

* The COSMIC and AGCM results suggest that more of the total sapanese Epls e 1 tha et stream than
orography. But,
and Scandinavia.

SUMMARY (1/2)

« In northern hemisphere mid-latitude winter, gravity waves with Az < 7 km are studied using
COSMIC GPS RO and compared with T106L60 AGCM results.

« The potential energy (PE) of these waves is mostly related to the sub-tropical jet stream with
some regional scale contributions from orography.

« Strong wave filtering above the jet stream core results in decreases of PE around the 0-10 m/
s zonal wind line, suggesting low ground-based phase speeds of these waves which interact
with the background wind, an interpretation supported by an analysis of the AGCM results.

« Clear longitudinal dependence of PE is apparent, which mainly depends upon the sub-tropical
jet location and subsequent stratospheric wave filtering.

* The 2006-2007 winter mean 17-23 km Ep is over 2.0 J/kg above the Himalayas, Japan and

Eastern USA, co-incident with the strongest sub-tropical jet speeds. Wave generation above
the Eastern United States may be partially related to active precipitation events as well as the
jet.

« Local Ep maxima above the Canadian Rockies, Scandinavia and Japan are observed,
suggesting that some of the total Ep in these regions is due to orographic waves, although it
is not possible to separate orographic waves from other gravity wave sources in the COSMIC
data because individual phase speeds are indeterminable.

« The peak above the Himalayas is only due to the sub-tropical jet because theoretically,
‘orographic waves are unobservable at 17-23 km during this winter.
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3-1 Season-height section of zonal mean
PE at 25.5-2.5N from Sep 2006 to Apr 2008

LEFT:
+Grid size: 20°x5°7 days,

+7km high-passed pertur-bations
from individual profiles, and get
PE by integrating vertically over
i, sapping wp by ko

HT

~Grid size: 20°x5° one month

*Height independent (1km) data
by assuming that all wave phases
are represented at that particular
height

#Slower speed KWs but still mainly
consists of GWs

* QBO westward shear initially, then eastward shear
after mid-2007.

+ QBO removes gravity waves, especially close to the 0
m s-1 phase line.

White contours: NCEP zonal
mean zonal wind, units m/s,
east/westward; solid dashed

32 Longitude-Height Section of PE at 2.55-2.5N, and its Seasonal Changes

o) 0Jr 2006/07 o) A 2007

White contour: NCEP mean zonal winds (m/s), with westward wind shear initially,
becoming eastward in the stratosphere after JIA
Black contour: OLR (W/m2)

« The seasonal structure of equatorial PE (in a grid cell at 2.55-2.5N with 7km thickness)
varies with height and longitude as well as the background mean winds;

+ Aclear relation between deep convective activity (low OLR) and large UTLS pg is observed.
e.g,in MAM 2007 (b), PE exceeds 5.0 /kg at 0-40E, 70~140F and around 3
corresponding to low OLR values above Africa, Indonesia and South P respemve\v
(Note: artificial increase of PE due to effects of sharp cold point tropopause at about 17
ki altitude)

« Stratospheric PE above about 22 km are not affected by the cold-point tropopause
problem. The seasonal mean PE in DIF(a) and MAM(b) at around 30 km is fairly constant in
longitude, probably because the background wind profile below 30 k filters out of most
of the convective gravity waves.

« The JA(c) and SBNM PE at 30 km shows longitudinal differences, with larger PE above

propagating g in the Eastern Hemisphere are
filtered out he\aw 30 km. This leaves all of the eastward propagating components

3:3 Spatial disribution of PE (1 km thic in Sep 2007

«Yellow contours: monthly mean NCEP zonal wind (m/
s), with east/west-ward by solid/dashed lines. ~ QBO
was westward throughout the lower stratosphere.
White contours: monthly mean OLR at 200 & 220 W/
m2. Asian monsoon visible in the OLR
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outh America. Gravity waves with faster cx
<0 are removed between 22km and 26km

At 32km, the background wind is approachi
Large PE is visible directly
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PE in January 2007 and 2008
are shown for a comparison
with the model results of
Kawatani et al. (Poster
A-00122)

Although the convective source
distribution is similar for both
months, the stratospheric PE
is different due to the
changes in the QBO structure
(see panel 3-1).

In January 2007, the QBO is in
its westward shear phase
with the 0 m/s line at 24 km,
while one year later, the Q80
is in ts eastward shear phase
with the 0 m/s line at 25 km.

During January, the deep convective regions are centered south of the equator

« Larger PE is generally observed above the three deep convective regions at 22km in January 2007
(b and 26 km in January 2008 (g), close to the Om/s line, at which altitude most of the waves with
low cx are filtered out.

« Due to lower level filtering, both of the 32 km altitude regions generally have low PE values
compared with September 2007,

SUMMARY (2/2)

« Seasonal hemispheric differences in GW PE are observed, with larger values occurring around
the tropopause above deep convective activity and also in the Eastern Hemisphere
stratosphere during SON 2007 at which time the background winds are westward throughout

the entire height region.

« Monthly averaged 1 km height independent PE show differences in potential energy
depending upon the QBO phase and the location of convection. Large PE are visible directly
above deep convection at altitudes which are close to the QBO 0 m/s phase line. This PE is
probably primarily due to convectively generated gravity waves propagating nearly vertically.



