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Science	ques)ons:	How	realis)c	are	small-scale	gravity	waves	in	
the	Southern	Hemisphere	in	the	GEOS-5	7-km	Nature	Run	(G5NR)?	
(2)	What	mechanisms	are	genera)ng	the	small-scale	nonorographic	
gravity	waves	in	the	Nature	Run?	
	
Results:	Global	paOerns	in	GW	amplitude,	horizontal	wavelength,	
and	propaga)on	direc)on	in	the	G5NR	are	realis)c	compared	to	
observa)ons.	However,	as	in	other	global	models,	the	amplitudes	
are	weaker	and	horizontal	wavelengths	longer	than	observed	(see	
top	figure).	The	global	paOerns	in	absolute	GW	momentum	flux	also	
agree	well	with	previous	model	and	observa)onal	es)mates.	The	
evalua)on	of	model	nonorographic	GW	sources	in	the	Southern	
Hemisphere	winter	shows	that	strong	intermiOent	precipita)on	
(greater	than	10	mm	h−1)	is	more	strongly	associated	with	GW	
momentum	flux	than	frontogenesis	is	(see	boOom	figure).	
	
Significance:	Gravity	wave	parameteriza)ons	in	global	climate	
models	are	s)ll	poorly	constrained	by	observa)ons,	which	
contributes	to	large	biases	in	model	temperature	and	winds.	High-
resolu)on	climate	model	simula)ons	with	small-scale	gravity	waves	
that	are	validated	with	observa)ons	can	be	used	to	constrain	and	
improve	gravity	wave	parameteriza)ons.	
	
Reference:	Laura	A.	Holt,	M.	Joan	Alexander,	Lawrence	Coy,	Andrea	
Molod,	William	M.	Putman,	Steven	Pawson,	and	Chuntao	Liu.	An	
evalua)on	of	gravity	waves	and	gravity	wave	sources	in	the	Southern	
Hemisphere	in	a	7-km	global	climate	simula)on.	Quart.	J.	Roy.	Met.	Soc.,	
143:2481–2495,	2017.	doi:10.1002/qj.3101.		

Gravity Waves in the Southern Hemisphere

Figure 1. Southern Hemisphere brightness temperature anomalies on 26 July 2005 for (a) AIRS and (b) the NR near ∼35 km. Note the different colour bar ranges.
The NR is a climate model, so individual wave features differ because of different meteorological conditions.

qualitatively the two fields have a similar overall pattern around
Antarctica, with especially notable agreement over South America
and the Antarctic Peninsula. The amplitudes of the NR anomalies
are about a factor of 4 smaller than the amplitudes of the AIRS
anomalies. This is attributed to excessive model dissipation and
will be discussed in more detail below. Another difference between
AIRS and the NR is in the latitude of the waves south of Australia
which are farther north in the observations. Also note that the NR
plot is smoother than the AIRS plot, most likely because of the
noise inherent in observations. This date is typical of the similarity
found between the AIRS observations and the NR simulation.

To evaluate and compare NR and AIRS GW occurrence
frequencies, amplitudes, horizontal wavelengths, and horizontal
propagation directions, we analyzed waves with the basic method
described in Alexander and Barnet (2007). We applied this
analysis to both the AIRS and the AIRS-sampled-NR brightness
temperature anomalies for July 2005. The brightness temperature
anomalies were interpolated to give constant 13.4 km spacing
in x. Then the S-transform was applied to the brightness
temperature anomalies to give the complex transform τ (λx, x),
and the covariance spectrum between the two rows adjacent in
y was computed. This covariance spectrum was integrated in x,
excluding signals within the ‘cone of influence’ that are affected
by the edges of the observation swath (e.g. Woods and Smith,
2010).

To identify dominant waves for further analysis, the covariance
spectra were averaged ±5 rows ahead and behind in the y-
direction, and up to eight peaks in the covariance λx spectrum
were identified. This averaging was done to ensure that the
identified signals (λxi , i ≤ 8) were coherent waves occurring
across multiple rows of data, thus helping to eliminate the
effects of noise. Now returning to the individual two-row-
covariance spectrum, we focused only on these identified signals
and computed the phase shift #φi in the y-direction, where
#φi is the angle whose tangent is the ratio of imaginary to
real components of the complex covariance. The y-wavelength
is given by λyi = #y/#φi, where #y is the spacing between
rows. The net wave amplitude at each point along the swath
was then computed by summing the identified signal amplitudes
!T = %i!Ti. Wavelengths at each point were computed as weighted
sums, λx = (%iλxi

!Ti)/!T and λy = (%iλyi
!Ti)/!T. The values of λy

were also smoothed with a triangular three-point smoothing in
the y-direction. The horizontal wavenumber, k, and orientation
of phase lines, θ , relative to the x-direction were computed via
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Finally, with the known angle of the measurement swath
relative to the cardinal directions, the wave orientation direction
was computed relative to east with 180-degree ambiguity. Positive
angles represent waves propagating northeast/southwest, while
negative angles represent waves propagating southeast/northwest.
We can break the ambiguity with the assumption that waves
observed by AIRS must have long vertical wavelengths, and
are thus propagating upstream against the local wind. Since
stratospheric winds are eastward in winter and westward in
summer, waves seen in AIRS data generally propagate westward
in winter and eastward in summer (Ern et al., 2017).

To create a map of average wave properties, the local amplitude-
weighted means were computed. All of the AIRS results were
filtered to include only signals with covariance greater than
3σN , where σN is the standard deviation of the noise covariance
amplitude and is a function of temperature (figure 6 in Hoffmann
et al., 2014). We chose 3σN because it excludes unwanted noise
and retains a good signal. For the NR the results were filtered
with a constant threshold value since the model obviously does
not have the instrument noise.

Figure 2 shows the July average number of detected wave
events for AIRS and the NR. Since the AIRS weighting function
peaks between 30 and 40 km, Figures 1–5 can be taken to be
near ∼35 km. For the NR, two threshold values (0.03 and 0.05 K)
are plotted to illustrate the sensitivity of the results to the choice
of threshold value. Since the number of events is dependent
on the somewhat arbitrary choice of threshold value, the most
important information that this plot reveals is that the July
average number of wave events detected in the NR and AIRS have
similar global patterns in the winter hemisphere. In the summer
hemisphere, the differences are most likely due to time differences
between the NR and AIRS sampling. As noted above, the NR
brightness temperatures were interpolated spatially to the AIRS
measurement locations. However, we chose not to interpolate in
time to the AIRS measurements so as not to wash out the waves in
the NR brightness temperatures. Since the timing of convection is
so important for generating waves, the time differences between
the NR and AIRS sampling most likely explain the differences in
the summer hemisphere. The convective parametrization could
also be important (Kim et al., 2007).

Figure 3 shows the July average amplitudes near ∼35 km for
AIRS and the NR. In general the global patterns agree well, with
a band of larger-amplitude waves around 60◦S and the largest-
amplitude waves over the southern tip of South America and
the Antarctic peninsula. However, the AIRS amplitudes are more
evenly distributed over all longitudes whereas the NR amplitudes
are more concentrated over the southern tip of South America and
the Antarctic peninsula. Another significant difference between
AIRS and the NR is that the average amplitudes in the NR are
between ∼4 and 5 times smaller than the average amplitudes in
the AIRS data. The average amplitude is not very sensitive to the
NR threshold value in the Southern Hemisphere winter where
the wave amplitudes are typically large.
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Southern	Hemisphere	brightness	temperature	anomalies	on	26	July	
2005	for	(a)	AIRS	and	(b)	the	G5NR	near	35	km.	Note	the	different	
color	bar	ranges.	The	G5NR	is	a	climate	model,	so	individual	wave	
features	differ	because	of	different	meteorological	condi)ons.	Gravity Waves in the Southern Hemisphere

Figure 11. Spearman’s rank correlation coefficient between precipitation and
absolute gravity wave momentum flux for values of precipitation higher than
0.1 mm h−1. Grey areas are either bins flagged as orographic, bins for which the
correlation was not significant, or bins for which there were less than 10 data
points.

in the South Pacific. This region is also the region with the most
incidences of precipitation rates exceeding 10 mm h−1. These
larger and more intermittent precipitation rates are associated
with more intense latent heating which generates larger-amplitude
GWs.

Figure 12 shows Spearman’s rank correlation coefficient (for
each non-orographic geographical bin) between absolute GW
momentum flux and the frontogenesis function for frontogenesis
function values higher than 0.05 K2(100 km)−2h−1. There are a
large number of grey geographical bins in Figure 12 because
there are not many bins with more than 10 data points with a
frontogenesis function value higher than 0.05 K2(100 km)−2h−1.
Again, this threshold was chosen based on a visual inspection
of the data. The correlation coefficients in Figure 12 are much
lower than the values in Figure 11, except for a few bins in
the South Pacific where there is a band of higher correlations
between 20◦ and 40◦S and between 95◦W and 135◦W. In general,
the relationship between absolute GW momentum flux and the
frontogenesis function is less straightforward than the relationship
between absolute GW momentum flux and precipitation, which
is reflected in Figure 12.

Figure 13 shows the NR JJA 2005 average absolute GW
momentum flux in the lower stratosphere (∼15 km), with the
JJA averages of the proxies for non-orographic wave generation
in the troposphere by convection, and fronts also shown by
the thick solid (precipitation) and dashed (frontogenesis) lines.
Frontogenesis and precipitation are shown for non-orographic
regions only. The colour bar range was chosen to highlight
the non-orographic GW momentum flux, which is why the
plot is saturated over orographic regions. Note that, since these
are JJA averages, the values highlighted by the precipitation
and frontogenesis contours are lower than the threshold values
in Figure 10. Also shown in Figure 13 is where the highest
precipitation rates are most common. This is highlighted by the
dotted-dashed line, which indicates where the precipitation rate
exceeds 10 mm h−1 most frequently. Precipitation rates above
10 mm h−1 are rare, but they are associated with strong latent
heating that generates large-amplitude GWs.

In general Figure 13 reflects the patterns shown in Figures 11
and 12. Precipitation especially and fronts to some extent are
relevant for GW momentum flux in the South Pacific between

Figure 12. Spearman’s rank correlation coefficient between the frontogenesis
function and absolute gravity wave momentum flux for values of the frontogenesis
function higher than 0.05 K2(100 km)−2h−1. Grey areas are either bins flagged as
orographic, bins for which the correlation was not significant, or bins for which
there were less than 10 data points.

Figure 13. NR JJA average absolute momentum flux at ∼15 km. The solid
line is the 0.13 mm h−1 precipitation rate contour, and the dashed line is
the 0.015 K2(100,km)−2h−1 frontogenesis function contour. The dotted-dashed
contour indicates where the precipitation rate exceeds 10 mm h−1 for 0.2% of the
time. Stippling is on the inside of the contours.

20◦ and 40◦S. This coincides with the region where the non-
orographic absolute GW momentum flux is the highest. This
area also contains a larger proportion of higher precipitation
rates. In other words, the highest correlations in Figure 11 are
located where the precipitation rate most frequently exceeds
10 mm h−1. Both fronts and precipitation are also correlated
with GW momentum flux at higher latitudes between 30 and
80◦S and at most longitudes, but the correlations and absolute
GW momentum flux are both lower than for the South Pacific
region. Additionally, Figure 13 shows that on average fronts
and precipitation are fairly well correlated, especially for the
areas where the precipitation rates are not likely to exceed
10 mm h−1.
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Spearman’s	rank	correla)on	coefficient	between	(leg)	precipita)on	
and	(right)	the	frontogenesis	func)on	and	absolute	gravity	wave	
momentum	flux	in	the	lower	stratosphere.	Gray	areas	are	not	
significant	or	over	orographic	areas.	


