
Water

• Units
• Molarity=%/100, mole of substance per mole of air

• M(H2O)=2*1+16=18  g/mol

• =(nM)/V=(1*18/22.4)=0.804  g/l = kg/m3

• Ci = Vi/Va = ni/na = pi/pa (l/l)=mol/mol=(Pa/Pa)

• /M=const.=44.6 mol/m3, i.e. 22.4 l/mol

• H2O, high E density

– 75 J/mol +1°C

– 44,000 J/mol evaporation

Compound % Molecular mass Density at STP

N2 78 28.01 1.250

O2 21 32.00 1.429

CO2 0.036 44.01 1.977

H2O 0...7 18.02 0.804

Air 100 28.97 1.292



Water



Water Vapor



Water Vapor Latent heat of vaporization

γ= Cp/λ



Vapor saturation

Saturation = f {T; P=f{A}}

Tetens formula:
Coefficients chosen according to env. Conditions

For environ. biophys.:

a=0.611 kPa

b=17.502

c=240.97°C

Saturation pressure es roughly doubles for each 10°C increase:

es(0°)=0.611 kPa; es(10°)=1.23 kPa; es(20°)=2.34 kPa; es(30°)=4.24 kPa
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Water Vapor (Fritzchen 1979, Chapter 6)



Water Vapor (Fritzchen 1979, Chapter 6)



ea = es(Tw) – pa(Ta – Tw)

https://en.wikipedia.org/wiki/Vapour_pressure_of_water

https://en.wikipedia.org/wiki/Vapour_pressure_of_water


ea = es(Tw) – pa(Ta – Tw)

Partial saturation can be expressed in many ways. Such as
mole fraction, relative humidity, vapor deficit, dew point 
temperature, wet bulb temperature

Show on the graph: VPD, wet bulb temperature 

=cp/

: thermodynamic psychrometer constant

Cp: the specific heat of air (29.3 J mol-1 K-1)

: latent heat of vaporization = 44 kJ mol-1



Spatial and temporal variation

• Diurnal patterns determined by t°

• RH and VPD vary with t°

• ea rather stable, 

– Variation minimal, yet:

– During day - ea decr. w/ height

– During night - ea incr. w/ height

• Because of strong t°-dependence, 

RH itself is a bad parameter,

Convert to ea or VPD



Search “temperature, relative humidity diagram”



Homework 1:
Due on Sept 26, 2017



Homework 1:



Water Vapor



Lab Exercise: Programming multiple TCs, HMP45C, 
107B, and LI190SB with CR23

• Parameters and sensor manuals
• Wiring and locations for data
• Scheduling (30 min vs 1-hour) (P92)
• Summary statistics (P71, 72, 73, etc.)
• Using the “Shortcut” in LoggerNet



Water


