
  

Ch7. Water vapour: the most variable gas & most important GHG EAS270_Ch7_WaterVapour_A.odp
JDW, EAS Ualberta, last mod. 17 Oct. 2016

“At the same pressure and 
temperature, humid air weighs 
less (and has lower density) than 
dry air” 

We shall prove this...

Absolute humidity ρv ρv=
mass of water vapour
volume of sample

[kg m−3]

Specific humidity q q=
mass of water vapour
total mass of sample

=
ρv
ρ

Mixing ratio r r=
mass of water vapour
mass of dry air in sample

=
ρv
ρd

[g kg−1]

[kg kg−1]

or

Partial pressure of 
water vapour

[Pa ]e
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Sec 7.1-7.5   Water vapour variables –  each has its own usefulness                                2/11

= ratio of R
d
 to R

v

e = ρv Rv T

The ideal gas law inter-relates vapour pressure (e) & absolute humidity ( ρ
v
)

"vapour" P = ρ Rd T v

"virtual"

Rv=
R*

MM
= 462 J kg−1 K−1

Numerically, q and r  are 
almost identical (q ≈ r ). 
Both “remain constant so 
long as water vapour is 
not added or removed 
from the parcel”

“temperature to which air must be 
cooled for saturation to occur (with 
no change in pressure or moisture 
content)”

1

3

Pd = ρd Rd T2

Partial pressure of 
water vapour ("vapour 
pressure"),  e

q=
r

1+r
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q

q

the parcel shown has 
expanded, but its specific 
humidity and mixing ratio 
are unchanged

specific humidy q (or mixing ratio r ) behaves as a “tracer”  – away from the 
surface and from clouds, it doesn't change as a parcel of air moves around

Water vapour variables –  each has its own utility                                                              3/11
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During calm, cloudless weather the late 

afternoon dewpoint is sometimes 

considered as a reasonable estimate for 

overnight minum temperature: e.g.

08:33 MDT Wed 26 Sept 2012

Water vapour variables – each has its own usefulness                                                    3a/11
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"At the same pressure and temperature, humid air weighs less (and has lower density) than dry air"  4/11

ρ =
MMv nv+MMd nd

V

Proof:

P V
R* T

= n = const .

P V = n R* T

n = nv + nd = const .

So if one adds ∆n
v
  moles of 

vapour to dry air, keeping volume, 
pressure and temperature 
unchanged, then 

Δ n = 0

and so Δ nd =− Δnv

Δρ =
MMv Δ nv+MMd Δ nd

V

Δρ =
MMv Δ nv−MMd Δnv

V

Δρ

Δnv

=
1
V

[MMv −MMd ]

MMv = 0.018 [kg mol−1]

MMd = 0.029 [kg mol−1]

negative, because
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Sec 7.3    Equilibrium vapour pressure (also termed "saturation" vapour press.)             5/11

Fig 7.2

● If/when there are enough vapour molecules above the surface, the evaporation and 
condensation rates balance, and the air is said to be “saturated”

● The vapour pressure e* at which this occurs is a function e*=e*(T) only of the 
temperature T

● e*(T) is known as the "equilibrium vapour pressure" or "saturation vapour pressure" (and 
implictly carries this rider: equilib. with respect to a flat surface of pure water – or ice)

e
0

e
1

e
2

non-equilibrium equilibrium
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Fig 7.2c Fig 7.3

15. Water vapour variables – equilibrium vapour pressure vs. temperature                     6/11

● alternative formulae for e
s
(T ) 

exist

● will expect students to be able 
to use Table 7.1

Will use symbols e
s
 and e

*
 

interchangeably to denote 
equilibrium vapour pressure

Fig 7.4

Clausius-Clapeyron eqn. gives e
s
(T)  curve.

es(T ) = 6.11 exp [ L
Rv

( 1
273.15

−
1
T ) ] , hPa

L is latent heat (of vaporization or sublimation) 
and R

v
=461.5 [J kg-1 K-1]  is gas const for w.v.

Eq 7.1



  

Sec 7.3   Equilibrium vapour pressure vs. temperature over ice versus over water          7/11

Tiny water droplets in the atmosphere 

can (and mostly do) remain unfrozen 

for temperatures far below 0oC, and 

are said to be "supercooled."

Perhaps e
*
(T ) is a strange choice of 

"benchmark" for vapour pressure

ice

water

Fig 7.5a

Fig 7.5b

molecules held tighter in ice 
lattice



e = e*(T d)

Vapour pressure e and  

dewpoint temperature T
d
 are in 

1:1 relationship – they are not 

independent pieces of 

information. If you know one, 

you can deduce the other. 

Symbolically, we write

meaning “e is a function of T
d
” 

(the function being the e
*
 

curve). Similarly, 

T d = e*
−1(e)

equiv. to 
Figure 7.4

Sec 7.3      Equilibrium vapour pressure curve: one graph, two relationships                   8/11

Extracted 
from  
Table 7.1

Check: is the adjacent figure consistent with Table 7.1?



e = e*(T d)

T d = e*
−1(e)

Sec 7.3      Four ways to use the equilibrium vapour pressure curve/table                     9/11

insert    T
d
 and get out actual vapour pressure e

insert    e (actual vapour pressure) and get out T
d
 

T = e*
−1(e*) insert    e

*
 (equilibrium vapour pressure) and get out T 

e* = e*(T ) insert    T and get out equilibrium vapour pressure e
*

Fig 7.4



                                          over water (ice) If T=10, what is the 
equilib.v.p.?

If T
d
=10, what is the 

v.p.?

If T=10, what is the 
v.p.?

If T
d
=10, what is the 

equilib.v.p.?

If e=13.12 hPa, what is 
T

d
?

If e*=13.12 hPa, what is 
T

d
?

If e*=13.12 hPa, what is 
T?

Sec 7.3      Equilibrium vapour pressure curve: one graph, two relationships                   10/11



Sec 7.4   Bringing air to saturation – ie. manipulating sample to arrange that e=e*(T )    11/11

Which statepoint on Fig 7.7 represents 
unsaturated air?     

Which represents supersaturated air?

What three processes can bring air to 
saturation?

Fig 7.7

Fig 7.9 Fig 7.10Isobaric and adiabatic 
mixing:

T
mix

 = 

e
mix

 = 

1

2

mix
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● humid parcels are positively buoyant (relative to dry parcels at same 
temperature and total pressure)

● common humidity variables, and their connection with one another

● notion of a "tracer" of parcel identity

● understanding definition/meaning of equilibrium vapour pressure

● 1:1 relationship between vapour pressure e and dewpoint T
d

● using the e*(T ) table (or curve) to get  e* given T , or,   e  given  T
d
 

                                                          or  T given e* , or,  T
d
 given e

Topics/concepts covered                                                                              

"Because the relationship between dew-point temperature and vapour pressure is 
the same as that between air temperature and saturation vapour pressure, we can 
use Table 7.1 to determine dew-point temperature given vapour pressure" (p164)
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