
Stability	of	Alternate	Bars	and	
Oblique	Dunes

Alternate	bars	in	the	Tokachi River,	Japan	
Image	courtesy	of	V.	Langlois
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Ø Part	I	– linear	stability	of	roll-waves,	dunes	&	antidunes;		
Ø Part	II	– linear	stability	of	ripples	and	dunes;
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Ø Part	I	– linear	stability	of	roll-waves,	dunes	&	antidunes;		
Ø Part	II	– linear	stability	of	ripples	and	dunes;
Ø Part	III	– linear	stability	of		alternate	bars	&	oblique	dunes;

Ø Part	IV	– weakly	nonlinear	analysis
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Alternate	bars	in	a	flume.

Image	courtesy	of	S.	Ikeda.
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"A small dune sings only the few days 
in which there is no wind and no 
clouds”

(Andreotti, B. - LiveScience, 2005)
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Diagonal	bars	in	a	flume.

From	Einstein	&	Shen,	JGR	1964
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Alternate	bars	in	a	flume.
Image	courtesy	of	S.	Ikeda.

Diagonal	bars	in	a	flume.
From	Einstein	&	Shen,	JGR	1964



Diagonal	bars	in	a	flume.
From	Einstein	&	Shen,	JGR	1964

Ø “	...	it	is	probable	 that	diagonal	bars	have	
sometimes	been	classified	as	alternate	
bars	by	some	authors.”	

Ø “	...	experiments	seem	to	indicate	that	a	
grouping	 	of	three-dimensional	mesoforms
[i.e.	scaling	with	flow	depth],	in	which	the	
fronts	of	 the	mesoforms were	diagonally	
alligned over	the	channel	width,	was	
responsible	 for	these	features.”

From	Jaeggi,	JHE	1984
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(Rough	regime)

JSM:	Jaeggi (1984),	Sukegawa (1971),	Muramoto &	Fujita	(1978)
GSR:	Guy,	Simons	&	Richardson	(1966) 
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JSM:	Jaeggi (1984),	Sukegawa (1971),	Muramoto &	Fujita	(1978)
GSR:	Guy,	Simons	&	Richardson	(1966) 
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Ø Transverse	wavenumbers	for	
Diagonal	Bars	are	larger	than	
for	Alternate	Bars
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Ø Linear
Ø 2D	Flow	model
Ø Free	Bars

Ø Linear
Ø 2D	Flow	model
Ø Free	and	Forced	Bars	

Ø Weakly	Non	Linear
Ø 2D	Flow	model
Ø Free	Bars

Ø Linear
Ø 3D	Flow	model
Ø Free	Bars
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• 3D	ROTATIONAL	FLOW	MODEL	(infinitely	wide	channel)

• BOUSSINESQ’S	CLOSURE	(algebraic	mixing	length)

• COORDINATE	TRANSFORMATION		(rectangular	domain)

• EQUILIBRIUM	MODEL	(Exner)

• BEDLOAD	ONLY	(MPM	bedload	function)

• CORRECTIONS	FOR	SEDIMENT	WEIGHT	(x	– Fredsøe,	y	– Engelund)

• CORRECTION	FOR	BEDLOAD	LAYER	THICKNESSFl
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FLOW	MODEL

SEDIMENT	TRANSPORT	MODEL



• LINEAR	LEVEL:	differential	eigenvalue	problem
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Alternate	Bars	do	not	form	in	a	
narrow	channel
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Bar instability

Antidune instability
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Experimental	data	sets
JSM:	Jaeggi (1984),	Sukegawa (1971),	Muramoto &	Fujita	(1978)
GSR:	Guy,	Simons	&	Richardson	(1966) 



Re
gi
m
e	
di
ag
ra
m
:	b
ar
s&

	d
un

es

𝐶 =
1
𝜅 ln

11.09
2.5𝑑

𝜗 ≅ 0.14
𝐹𝑟X𝑒Z[

𝐶X

Moving	up	along	a	vertical	line	means	(same	sediment):

Ø C constant			⇒ d	constant	⇒ D*constant

Ø θ increases	⇒ Fr increases		⇒U*	increases
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	a ⇒ 𝑆 ∝ 𝐹𝑟X	 increases
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Moving	up	along	a	vertical	line	means	(same	sediment):

Ø C constant			⇒ d	constant	⇒ D*constant

Ø θ increases	⇒ Fr increases		⇒U*	increases

Ø Flow	rate	increases	with	constant	flow	depth
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Moving	up	along	a	vertical	line	means	(same	sediment):

Ø C constant			⇒ d	constant	⇒ D*constant

Ø θ increases	⇒ Fr increases		⇒U*	increases

Ø Flow	rate	increases	with	constant	flow	depth	⇒	Slope	increases

Ø From	Alternate	Bars	to	Alternate	Bars	& Antidunes
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As	𝜗 increases:
Ø A	new	region	of	instability	appears:	2D	antidunes;
Ø The	regions	of	instability	for	bars	and	antidunes are	distinct;
Ø Bars	and	antidunes linearly	coexist:	bars	are	less	unstable;



𝑘<	

𝑘)

𝑘<	

𝑘)

𝑘<	

𝑘)

𝜗
𝜗[

= 2
𝜗
𝜗[
= 2.5

𝜗
𝜗[

= 3

M
ov
in
g
up

:	C
=	
10

As	𝜗 increases:
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As	𝜗 increases:
Ø A	new	region	of	instability	appears:	2D	antidunes;
Ø The	regions	of	instability	for	bars	and	antidunes are	distinct;
Ø Bars	and	antidunes linearly	coexist:	bars	are	less	unstable;
Ø 3D	antidunes become	the	most	unstable;
Ø This	results	in	a	transition	from	2D	to	3D	antidunes;
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Moving	right	along	a	horizontal	line	means	(same	sediment):

Ø C increases		⇒d decreases	⇒ D* increases

Ø θ constant	⇒ 𝑈∗ ∝ 𝐶 increases	

Ø Flow	rate	increases	but Fr decreases

Ø From	Alternate	Bars	to	Diagonal	Bars	to	2D	Dunes

	
	
	

	
	a ⇒ 𝑆 ∝ 1/𝐷∗ decreases
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As	C increases:

Ø the	longitudinal	wavenumber	of	maximum	growth	rate	increases:	bars	become	shorter;
Ø 2D	disturbances	 become	unstable	but	are	less	unstable	 than	3D	disturbances;
Ø 2D	disturbances	 become	the	most	unstable;
Ø This	results	in	a	transition	from	3D	bars	to	2D	dunes	 via	diagonal	bars	(3D	dunes);
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