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Outline
• Historical	overview	(1940s-1950s)
• Gravity	wave	research	reemerges	(1970s-1980s)
– 2-4	hour	400-500km	wavelength	gravity	waves	exist!
– Large	scale	gravity	waves	can	initiate	convective	
storms	(Uccellini,	1975)

• Spectrum	of	atmospheric	mass-momentum	
adjustment	to	unbalanced	flow:	From	cyclones	to	
gravity	waves

• Who	gets	lost	in	the	shuffle	(and	certainly	
deserves	recognition)

• Concerns	and	opportunities
• Summary 2



Historical Overview
(1940s-1950s)
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1940s
• Interest	in	larger	
scale	gravity	waves	
limited	to	inertial-
gravity	wave	
concepts	generated	
by	an	initial	
unbalanced	flow	
(Rossby,	1938)

• Transient	solution	
(Cahn,	1945)
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An Early Look at a 
Large-Scale Pressure Pulsation

• Brunk (1949)	investigated	a	singular	wave	
associated	with	thunderstorm	system
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“The	pressure	pulsation	is	shown	to	be	an	exceptional	case	of	a	
phenomenon	which	is	frequently	overlooked,	and	about	which	as	

yet	our	knowledge	of	the	physical	process	involved	is	very	
incomplete.”
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Surface Pressure and Wind Characteristic 
of the Brunk Pressure Pulsation

Brunk,	1949
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Relationship of the Mesoscale Event to 
the Synoptic Surface Features

Brunk,	1949
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The Influence of Morris Tepper



9

Morris Tepper

• Mesocale analysis
• Theoretical	
framework	for	
pressure	jumps

• Design	and	
implementation	of	a	
field	program	
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The “Pressure Jump” Singular Wave

Tepper,	 1954



• Pressure	jump	lines	
can	be	tracked	over	
hundreds	of	
kilometers

• A	number	of	these	
pressure	jumps	
were	initially	dry

• Pressure	jumps	
were	later	
associated	with	
thunderstorms

11Tepper,	 1954



Fujita Shuts Down Tepper and Interest 
in Large-Scale Gravity Waves

• Ted	Fujita	widely	
known	for	
mastering	the	
mesoanalysis of	the	
thunderstorm	
environment

• Diagnosed	the	
“thunderstorm	
high”	

• He	then	took	aim	at	
Tepper
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Fujita,	1955



Fujita Takes Aim at Tepper
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“The	intense	system	of	storms	was	initiated	before
a	pressure-surge	line	was	organized.	This	suggests	
the	futility	of	seeking	a	trigger	mechanism	in	the	

pressure	field	at	the	initial	stage.”
– Fujita,	1955,	page	435



Gravity Wave Research 
Reemerges (1970s-1980s)
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• 2-4 hour	400-500km	wavelength	gravity	
waves	exist!

• Large	scale	gravity	waves	can	initiate	
convective	storms

• Bosart and	Cussen,	1973
• Eom,	1975
• Uccellini,	1975



Lance Bosart and John Cussen
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“A	remarkable	example	of	gravity	wave	propagation	over	the	
southeastern	United	States	on	Dec.	3,	1968,	is	described.”



16Bosart and	Cussen,	1973

Analysis of Waves
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Analysis of the Internal Gravity Wave 
Occurrence of 19 April 1970 in the 

Midwest

“An	analysis	is	made	of	high	frequency	 fluctuations	of	surface	pressure	 and	
wind	with	a	period	of	3-4	h	observed	 in	the	midwestern United	States	in	the	

early	morning	hours	of	19	April	1970.”

“Solutions	from	a	simple	model	of	atmospheric	dynamics	for	a	compressible	
and	hydrostatic	flow	are	compared	with	the	observations.	 It	is	shown	that	
the	fluctuations	 in	the	atmosphere	 correspond	well	to	simple	gravity	wave	
concepts	and	in	particular	 to	internal	gravity	waves	propagating	 to	the	

northeast	 with	an	approximate	speed	of	50m/s	and	an	average	wavelength	
of	500	km.”



18Eom,	1975
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Eom,	1975

Schematic of the Model
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My Interest in Gravity Waves 
• A	discussion	with	Ogura	in	1970	directed	me	to	Matsumoto	and	

Akiyama	(1969),	Matsumoto	and	Tsuneuka (1969)	
• Bosart and	Cussen (1973)	and	Eom (1975):	Gravity	wave	door	is	

reopened
• All	my	research	started/completed	with	operational	data
• Initial	focus	on	the	release	of	convective	instability:

- 3-hour	periodic	nature	of	storms	as	diagnosed	with	surface	
convergence	and	radar	data	(Senior	Thesis,	1971)

- Isolated	the	role	of	2	to	4	hour	period	gravity	waves	in	the	
release	of	the	convective	instability	using	detailed	p’	analysis	
(Master’s	Thesis,	1972)
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A Case Study of Apparent Gravity 
Wave Initiation of Severe Convective 

Storms
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“Analyses	of	surface	weather	 reports,	 radar	data,	surface	wind	
convergence,	 and	surface	p’ fields	 revealed	 that	the	intensity	of	the	
convective	systems	pulsated	with	periods	 ranging	from	2	to	4	h;	and	
that	the	gravity	waves	were	a	precursor	 to	storm	development	 in	
Iowa	and	Wisconsin	and	appeared	 to	initiate	convection	in	those	

areas.	Reintensification of	preexisting	storm	cells	or	the	
development	 of	new	cells	generally	followed	the	passage	of	the	

wave	trough,	with	maximum	storm	cells	or	the	development	 of	new	
cells	generally	followed	the	passage	of	the	wave	trough,	with	

maximum	rainfall	intensity	coinciding	with	the	passage	of	the	ridge.	
The	cycle	is	completed	with	a	general	weakening	of	the	convective	

storms	as	the	next	trough	approaches.”
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Uccellini,	 1975



Uccellini Images
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Uccellini,	 1975



Uccellini Images
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Uccellini,	 1975
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All Operational Pressure Traces Read and 
Tabulated by Hand (at 15 Minute Intervals)



26Uccellini,	 1975

• Tabulated	
pressure	traces	
then	passed	
through	a	band	
pass	filter



Uccellini Images

27Uccellini,	 1975



Uccellini Images

28Uccellini,	 1975



Uccellini Images
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Uccellini,	 1975



Displacement Applied to 
Green Bay Sounding

30Uccellini,	 1975
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• 3-hourly,	250	to	400	km	
wavelength	 gravity	waves,	
cannot	exist	(Lindzen,	 Lilly,	
Anthes,	etc.)

• Gravity	waves	don’t	initiate	
convection	– “…futility	of	
seeking	a	trigger	mechanism	
in	the	pressure	field	at	the	
initial	stage”	(Fujita,	1955)

• And	even	 if	you	can	show	that	
gravity	waves	are	important	–
no	way	to	isolate	in	real	time	
and	no	forecast	value
(Maddox	and	others)

Great Uproar!

Surface	p’	analysis
1500	UTC	18	May	1971

(Uccellini,	1975)
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A Case Study of Gravity Waves-
Convective Storms Interaction: 

9 May 1979

Improved	band	pass	filter	with	cross	correlation	 technique	– analysis	
points	to	continuous	extraction	of	wave	energy	from	basic	state	
(shear/instability);	 not	ducting!

“One	of	the	two	wave	trains	developed	 in	regions	of	weak	or	
no	convection	and	appeared	 to	initiate	more	intense	

convective	clusters	downstream	from	the	point	of	origin.	It	is	
shown	that	the	characteristics	of	the	wave	trains	are	

consistent	with	those	gravity	waves	generated	 in	a	region	of	
strong	vertical	 shear	associated	with	the	jet.	It	is	suggested	
that	the	wave	trains	continue	 to	extract	energy	from	the	

basic	state	all	along	their	track	through	critical	level	
interaction.”	
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Stobie et	al.,	1979



34Stobie et	al.,	1979
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• (Lindzen and	Tung,	1975):	2	to	4	hour	gravity	
waves	exist!	They	are	“ducted”	by	
temperature/wind	 profiles

• (Ferretti	 et	al,	1988):	Shear/moisture	 profile	
provides	 critical	level	and	energy	source for	2	
to	4	hour	period	gravity	waves	within	3	wave	
packets

• Along	with	Kocin et	al.	(1986)	best	analyzed	
jet-GW	case	(3-h	soundings)

Gravity Wave Research Revs Up
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P’	analysis	for	gravity	wave	event	10-11	
April	1979

Ferretti	et	al.,	1988

Today:

• Many	studies:	Gravity	waves	are	ubiquitous	–
can	generate	 convection!	 (Koch	et	al.	and	
others)	

• Gravity	waves	considered	 part	of	overall	
spectrum	of	atmospheric	 response	 to	
unbalanced	 flow



Gravity Wave Research
Summary Comments
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“Gravity	waves	are	not	isolated	events	whose	occurrence	is	
confined	to	those	few	cases	in	which	atmospheric	conditions	
favor	observable	cloud	modulation	by	the	waves;	they	are	
virtually	ubiquitous.	With	appreciation	for	the	pervasive	character	
of	gravity	waves	has	come	an	appreciation	for	their	dynamical	
importance…”	(Bill	Hooke,	1986)

“As	such,	they	are	the	fundamental	building	blocks	of	mesoscale	
dynamics.	All	mesoscale	circulations,	no	matter	how	complex,	can	
be	represented	as	a	superposition	of	nonlinear,	interacting	gravity	
waves.”	(Bill	Hooke,	personal	communication)



Spectrum of Atmospheric 
Mass-Momentum Adjustment 

to Unbalanced Flow: From 
Cyclones to Gravity Waves
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Synoptic Environment for Large 
Scale Gravity Waves

• Clear	preference	for	
gravity	waves	to	exist	
near	jet	exit	region	–
approaching	
downstream	ridge	crest
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Uccellini and	Koch,	1987	
(review	of	13	cases	of	gravity	waves	published	in	literature)

• Same	framework	for	
cyclogenesis	and	mesoscale	
convective	complexes	

Maddox,	1983
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Large-Amplitude Mesoscale Wave 
Disturbances Within the Intense 

Midwest Extratropical Cyclone of 15 
December 1987



40Schneider,	1990



41Schneider,	1990

Large	amplitude	
gravity	wave	
passes	through	
synoptic	low	
center	during	
period	of	“rapid	
deepening”



42Schneider,	1990



43Schneider,	1990



44Schneider,	1990

PressureTrace through 
Chicago O’Hare

Passage	of	synoptic	low

Passage	of	gravity	wave



Who Gets Lost in the Shuffle
• Morris	Tepper
• Jae	Eom
• Douglas	Paine/Michael	Kaplan

– First	to	model	gravity	wave	in	
severe	weather	event

– Unbalanced	flow	described	in	
terms	of	the	divergence	
equation:	Momentum	surge	
(negative	Jacobian)	directed	
towards	a	“geopotential	negative	
Laplacian”	works	towards	an	
unbalanced	state

– This	is	simply	a	jet	propagating	
towards	the	ridge	crest
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Paine	and	Kaplan,	1974



Concerns and Opportunities

• In	order	to	understand	larger	scale	gravity	
waves	and	their	influence	on	the	weather,	
need	to	do	the	work!	
– Need	the	p’	(and	u’)	analyses	mapped	against	the	
vertical	shear	and	moisture	profiles

• Opportunities:
– New	observations	(Lidar)
– Ability	of	the	finer	scale	non-hydrostatic	model
– Coming	soon:	1	minute improved	ASOS	data

46



Why is This Important?

• Forecasters	are	already	starting	to	account	for	
gravity	waves	in	forecast	and	warnings
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Example from WFO Raleigh, NC: 



Summary
• History	of	gravity	wave	research	and	application	is	a	wild	one	

– honored	to	be	a	part	of	it
• 2-4	hour	gravity	waves	are	an	important	component	of	the	

overall	spectrum	of	adjustment	to	unbalanced	flow	(from	
cyclone	to	mesoscale	convective	complex	to	turbulence)	

• Gravity	waves	have	significant	impact	on	weather	(winds,	
convection,	turbulence…)

• Forecaster	interest	– gravity	wave	concepts	now	being	applied	
in	real	time	

• Models	illustrate	consistent	wave/weather	connections	(stay	
tuned)

• Life	should	be	good	for	gravity	wave	research	– structure	
evolution,	energy	sources,	weather	influences.	Lots	of	
problems	left	to	be	solved! 48
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