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Vertical	Motion	
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Suggested	reading:	These	notes	

	

Since	synoptic	scale	vertical	motions	are	difficult	to	observe	or	diagnose,	we	desire	a	

conceptual	model	to	help	diagnose	and	interpret	synoptic	scale	vertical	motion	from	

horizontal	analyses.		To	do	this,	we	begin	with	the	continuity	equation	in	pressure	

coordinates.	
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Integrating	downward	from	the	top	of	the	atmosphere	(p=0)	to	some	pressure	level	

p	yields	

𝜔(𝑝) = −. (
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Conclusion:	The	vertical	motion	at	a	given	pressure	level	is	directly	related	to	the	

integrated	divergence	above	that	level.			

• Positive	integrated	divergence	(i.e.,	divergence)	yields	ω	<	0	(rising	motion)	

• Negative	integrated	divergence	(i.e.,	convergence)	yields	ω	>	0	(sinking	

motion)	

	

Or,	if	you	prefer	to	avoid	integrals,	assume	a	mean	divergence	to	obtain	

𝜔(𝑝) ≅ −(
𝜕𝑢
𝜕𝑥 +

𝜕𝑣
𝜕𝑦
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Possibilities:	

• Since	p>0,	mean	divergence	above	the	pressure	level	(i.e.,	34
35
+ 36

37
222222222 > 0)	yields	

𝜔(𝑝) < 0	 ⟹ 𝑅𝑖𝑠𝑖𝑛𝑔	𝑀𝑜𝑡𝑖𝑜𝑛	

	

• Mean	convergence	above	the	pressure	level	(i.e.,	34
35
+ 36

37
222222222 < 0)	yields	

𝜔(𝑝) > 0	 ⟹ 𝑆𝑖𝑛𝑘𝑖𝑛𝑔	𝑀𝑜𝑡𝑖𝑜𝑛	

	

What	happens	below	the	pressure	level?	

• Divergence	at	upper	levels	is	typically	accompanied	by	convergence	at	lower	

levels,	whereas	convergence	at	upper	levels	is	typically	accompanied	by	

divergence	at	lower	levels	

• This	is	known	as	Dines	compensation	

	

Putting	it	all	together:	

• The	divergence	must	change	signs	at	least	once	in	a	column	

o Upper-level	divergence	is	accompanied	by	lower-level	convergence	

and	mid-level	ascent	

o Upper-level	convergence	is	accompanied	by	lower-level	divergence	

and	mid-level	subsidence	

• The	level	at	which	the	divergence	changes	signs	is	known	as	the	level	of	

nondivergence	(i.e.,	34
35
+ 36

37
= 0)	

• A	local	maximum	or	minimum	in	vertical	motion	exists	at	the	level	of	

nondivergence	since	by	continuity	
𝜕𝜔
𝜕𝑝 = −F

𝜕𝑢
𝜕𝑥 +

𝜕𝑣
𝜕𝑦G = 0	

• On	smaller	scales,	multiple	levels	of	nondivergence	and	vertical	motion	

maxima	or	minima	can	exists	(e.g.,	mountain	waves)	
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Resulting	bow-string	conceptual	model			
	

	
	
Class	activity	

Using	the	IDV	bundle	available	at	Bundles->	5110->Lab	2-Omega,	explore	the	

relationship	between	vertical	motion	and	divergence	in	the	latest	GFS	forecast	for	

the	North	Pacific	Basin.	

	


