Notes: L12.

In class Thermo midterm:  Oct. 2?
Review of Quantification of water vapor in air:
mv = mass of water vapor (kg)  -- Conserved in dry processes for a Lagrangian parcel

v = density of water vapor (kg m-3)  -- a function of volume, and hence p, T.

qv = specific humidity (kg H2O / kg air) – unchanged during dry processes

w = mixing ratio (kg H2O / kg dry air) – Uniquely related to qv by w = qv/(1-qv)  
e = v(R*/Mv)T  -- partial pressure of water vapor (Pa) – important for condensation and 

   = qvp (MA/Mv)      evaporation.  A function of pressure and specific humidity.
Td = dewpoint temperature (K) = Uniquely related to e through CC relation.  A function of pressure and specific humidity
Tw = wet-bulb temperature (K) = a simple measurement with sensitivity to Td, T, and p via CC.  There is no simple expression for Tw in terms of these parameters, but we can invert e from Tw, T, and p:
Consider how the various measures of water vapor change under the following circumstances:

Since qv is insensitive to T and p without condensation or evaporation, it is our “anchor” for quantifying humidity during processes.

A parcel with qv is moved from a location with p1 to p2 at constant T.  How do v, e, Td, and w change?

A parcel with qv remains at constant p, but temperature changes from T1 to T2.  How do the other variables change?

A parcel with qv is moved adiabatically from p1, T1 to p2.  What is T2, and how do the various measures of moisture change?

qv or w ( most useful in representing transport processes when pressure and temperature is changing

Td or e  ( most useful when considering condensation and evaporation

v (  most useful when considering amount of water in atmosphere.
Saturation vapor pressures – not a measure of water vapor content:
es(T) – Saturation vapor pressure (Pa).  It is solely a function of temperature, not humidity or pressure

qvs(T,p) = (es(T)Mw)/(pMa) – Saturation specific humidity.  A function of both temperature and pressure.  Captures all the temperature and pressure dependence of relative humidity for a given airmass.
Relative humidity & “Saturation”

RH(qv;T,p) = es(T)/e = qv/qvs(T,p) – Relative humidity (%) or saturation (S ; unitless).  A measure of humidity expressed as a fraction of saturation.  Not a very good measure of vapor amount, or density due to large range in qvs.
Consider the following clean problem.

The following examples are based on a tropical boundary layer air parcel rising to cloud base. It starts at 303 K, 80% relative humidity, 1010 mb. The ambient profile has a fixed lapse rate of 6.5 K/km.

Part I:  Calculate the lifting condensation level – i.e. the altitude at which the parcel, when rising adiabatically, will saturate.

A.0)  Strategy to find lifting condensation level.


- LCL is the altitude at which a parcel starts to condense its water vapor


- Condensation happens at 100% RH; S = 1


- S = q/qs(T,p)

- T and p will be functions of Ts, ps, and altitude z, based on an adiabatic ascent


- Final result will be to invert and solve for z.


- This will be a non-linear equation that must be solved iteratively.
A.1) Find the specific humidity, which is conserved in the process

qv = Sqs(T)

    = (0.8)es(303 K)/p*(Mw/MA)

    = .0210 (kg/kg)

A.2) Assume the parcel rises adiabatically up to the LCL.  With an environmental pressure profile of p = p0(1 - z /T0)7/2, adiabatic means T = T0(1-z/T0)d/.  With D/T0 being ~1/ (30 km), we satisfy the linearity conditions saying T( T0 - Dz
A.3)  What is the increase in relative humidity with height for a parcel rising at the dry adiabatic lapse rate?

If dT/dz = -d.  RH = e/es(T).  So dRH/dz = (dRH/dT)(dT/dz) by the chain rule

Also by the chain rule, we get  dRH/dT = dRH/des(T))(des(T)/dT).  In the end, we get

dS/dz = -D(-e/es(T)2)(es(T)(5400 K)/T2) 

          = DS[(5400 K)/T2]

This basically says that dRH/dz = RH * (0.06 m-1), or about 1% relative increase in RH per 17 meters.  So air at 80% RH will be 80.8% if adiabatically lifted by 17 m.
