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Introduction	to	Hydrostatic	Balance

• Pressure	at	any	point	in	the	atmosphere	equals	the	weight	per	unit	
area	above	that	point.
• Pressure	=	Force	per	unit	area
• Weight	of	an	object	=	Force	=	Fg =	mg
• g	=	acceleration	due	to	gravity	(9.81	m	s-2)	at	sea	level

Ackerman	and	Knox,	2012





Hydrostatic	Equation
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Hydrostatic	Approximation	for	the	
Atmosphere
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𝜕𝑝
𝜕𝑧 = −𝜌 𝑎 + 𝑔

In	all	but	the	most	extreme	
meteorological	conditions	the	vertical	
acceleration	of	of	air	parcels	is	much	
smaller	than	gravity.	
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Application	to	the	Atmosphere
𝜕𝑝
𝜕𝑧 = −𝜌𝑔 = −
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The	rate	of	change	of	the	logarithm	of	pressure	with	height	is	inversely	
proportional	to	the	absolute	temperature	and	does	not	depend	on	pressure.	

Pressure	generally	falls	off	exponentially	with	height!
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Geopotential	Height
ü Earth’s	gravity	has	Altitude	and	Latitude	dependences.	
ü Overall	these	are	minor	(few	tenths	of	a	percent	under	conditions	of	interest	to	

meteorologist).	
ü Geopotential	Height	allows	us	a	new	reference	(or	coordinate)	to	accommodate	these	

changes	in	gravity.
ü Geopotential	height	is	a	vertical	coordinate	referenced	to	Earth's	mean	sea	level	— an	

adjustment	to	geometric	height	(elevation	above	mean	sea	level)	using	the	variation	of	
gravity	with	latitude	and	elevation.	

ü Thus	it	can	be	considered	a	"gravity-adjusted	height".
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Geopotential	Height
At	an	elevation	of	z,	the	geopotential	is	defined		

𝜙 𝑧 = 	M 𝑔 𝜙, ℎ 	𝑑𝑧
9

P

Where	𝑔 𝜙, ℎ is	the	acceleration	due	to	gravity,	𝜙 is	latitude	and	h	is	the	geometric	elevation	
(variation	in	latitude	and	elevation	generally	do	not	matter	for	meteorological	applications).	
Geopotential	=>	Potential	energy	per	unit	mass

𝑍	 = 	
𝜙 𝑧
𝑔P

		



Key	Point

• When	meteorologist	reference	height	– it	should	be	understood	that	
they	really	mean	geopotential	height.

• This	allows	for	the	Hypsometric	Equation



850 hPa

700 hPa

Tv= 240 K Tv= 280 K Δz = 1,591 gpmΔz = 1,364 gpm

Fig.	4.3

Hypsometric	Equation
Given	two	pressure	levels	what	is	the	thickness	of	the	atmosphere	(Δ𝑧)
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The	layer	thickness	(Δ𝑧)	is	directly	proportional	to	mean	virtual	temperature	(𝑇H)

*	Most	of	the	time,	T	is	used…	very	close	if	not	too	humid.	



In	class	problem

What	is	the	1000	to	500	millibar thickness	of	dry	air	that	has	an	
average	temperature	of	5° C?
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In	class	problem

What	is	the	1000	to	500	millibar thickness	of	dry	air	that	has	an	
average	temperature	of	5° C?

HINT	:	Since	the	air	is	dry	Tv =	T	=	278	K

Z	=	(278	K)(1/9.8	ms^-2)(287	JK^-1kg^-1)	LN	(1000/500)	=	5,643	
geopotential	meters

Units	check:	Kkgms^-2mK^-1kg^-1m^-1s^2	=	m


