
Liquid Virtual Dry Static Energy

The virtual dry static energy is

sv = cpTv + gz, (1)

where the virtual temperature

Tv = T (1 + δqv − ql) (2)

takes into account the effects on air density of both water vapor (with mixing ratio
qv) and liquid water (with mixing ratio ql). Here δ = 0.608.

As moist (and dry) adiabatically conserved quantities, we use the total water
mixing ratio qt = qv + ql and the moist static energy

h = cpT + gz + Lqv. (3)

We can use (1), (2), and (3) to write

sv = h− εLqt − [1− (1 + δ)ε]Lqv, (4)

where

ε ≡ cpT

L
.

We can form a conserved quantity called the liquid virtual dry static energy by
subtracting [1− (1 + δ)ε]Lql from both sides of (4):

svl ≡ sv − [1− (1 + δ)ε]Lql = h− (1− δε)Lqt = h− µLqt, (5)

where µ ≡ 1− δε. In unsaturated air, svl = sv.
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