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Atmospheric stability

The stability or instability of the atnosphere (or a

| ayer thereof) is the state of the atnobsphere with
respect to the reaction of a volune or “parcel” of air
to a vertical displacenment. The stability of the

at nrosphere determ nes the likelihood of convective
activity, cloud type (stratus or curulus), |ikelihood
of atnospheric turbul ence, the extent of m xing
(pollutants etc.).

Stability is classified as:

e stable

e neutral

e unstable, or

e conditionally unstable
(This latter classification

dependi ng on whether the air is
saturated with noisture or not)

To determine stability classification we nust examn ne
t he tendency of the atnosphere to resist or enhance an
initial displacenent.

For exanple, consider a ball bearing on three different
surf aces:
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The sane thing happens in the atnosphere when we

di spl ace a “parcel” or bubble of air in the vertica
direction. W can use a thernodynam c diagramto
exam ne this.
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When y<TIy
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Consi der a parcel at a given pressure |level. |Inpose a
di spl acenment in the vertical direction (upward or

downwar d) .

A displaced parcel will change tenperature (if

adi abatic) at a rate governed by the Poi sson equation
(1°' law of thernodynami cs) or at the adiabatic |apse
rate.

The exanpl e above is of an atnosphere that is stable
(at least to a dry process with no condensati on)
because a “parcel” of air displaced upwards (downwards)
will cool (warm at the dry adiabatic | apse rate,
beconme cooler (warner) than its surroundi ngs and

t herefore denser (lighter) and will tend to return to
its original position.

Wien y>TIy, called a superadiabatic |apse rate, the

di spl aced parcel wants to keep noving in the direction
of the displacenent. This is an unstable | ayer of
at nosphere.
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Layers of atnosphere can be classified according to
their stability or instability.
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Not e: some of these |layers may be “conditionally stable”
dependi ng on whether the air is saturated with
noi st ure.

Moist adiabatic processes (saturation adiabats)

So far we have di scussed only dry processes in which
nei t her condensati on nor evaporation of existing water
droplets in a cloud is occurring. But condensation

rel eases | arge anounts of heat to the atnosphere and
evaporation consunes | arge anounts of heat. The | atent
heat of evaporation (or condensation), L=2.5 10° J/Kkag.
Approxi mately six tinmes as nuch heat is needed to
evaporate 1 kg of water as is needed to raise its
tenperature from0O °Cto 100 °C, the boiling point.

If, during a lifting process, adiabatic cooling is
sufficient to bring the air to saturation and, if
lifting continues, the air will continue to cool but
the release of latent heat will offset the tenperature
decrease to sone extent. Thus, during saturated ascent,
the rate of decrease of tenperature of a parcel of air

will be less than during a dry adi abatic process. The
difference in | apse rates between dry and saturated
processes will depend on the anmount of water vapor
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avai | abl e for condensation. Thus, near the earth’s
surface (high pressure and air density) in warm

climates, the saturation adiabatic |apse rate I'y will

be considerably less than Ty (say, 5 °C/ km conpared

with 9.8 °Ckm. On the other hand, high in the
at nrosphere and at | ow tenperatures where there is
little noisture content, the saturation adiabatic |apse

rate wll approach Iy.

Ther nodynani ¢ di agrans such as the skew T-1o0g p di agram
include a series of lines representing saturation
adi abati c processes (saturation adi abats).

e Check the Skew T-log p diagrans for Ig |ines

Conditional instability

Since Iy < Iy, our analysis of the stability of a

| ayer of atnosphere will depend on whether or not the
air is saturated (whether or not cloud in present)
because, under certain conditions, opposite concl usions
woul d be drawn with regard to stability or instability.
Suppose the observed |apse rate is internedi ate between

Iy and T%.
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Here, the sounding is shown by the solid line vy.

If the layer is dry and no condensati on occurs, as
before, lifting a parcel frompoint Awill result in
dry adiabatic cooling to point B. At this point, the
air is colder than its surroundi ngs (given by the
soundi ng tenperature at the same pressure |evel),
denser, and would want to sink back to its starting
poi nt. Qur conclusion would be that the | ayer of

at nosphere i s stabl e.

If the layer is saturated and |ifting causes
condensation, the parcel will follow the noist

adi abatic to point Cand will be warner, and | ess
dense, than the surrounding air. It will want to
continue in free buoyant ascent. Thu, is noist, the
| ayer is unstable.

This situation, in which the nature of the stability or
instability is dependent upon the status of the

noi sture in the atnosphere (unsaturated or saturated),
is called conditional instability.

In general the troposphere is rather stable to dry
processes (except in the | ower when the sun heats the
surface) and woul d be generally inactive except for the
instability caused by the release of latent heat in

cl ouds.

In general we can classify a |layer of atnosphere
according to the rel ati onship between the observed

| apse rate y and the two process |apse rate Iy and I5.

Thus:
vy > Iy unst abl e (absol utely)
I'4> vy > Iy conditionally unstable
v < Iy stabl e (absolutely)
If vy <0, i.e., tenperature increases wth height,

this is called an inversion and is an extrene vase of
stability. Pollution episodes are conmonly associ at ed
with inversions, or at |east, inversions aloft which
trap pollutants in the | owest |ayers of the atnobsphere.

Thelifting condensation level (LCL)

A parcel of air forced to lift in the atnosphere wl|
ultimately cool to the saturation point. During the
initial unsaturated part of the ascent no noisture is

5



ATMG60, Shu-Hua Chen

condensing out and the mxing ratio (w) of the air
remai ns constant (the amount of vapor in grans renmains
in constant proportion to the anount of dry air in

kil ograns). On the other hand, other noisture variables
such as dew points Ty, relative humdity, and vapor
pressure all change. For this reason, thernodynamni cs
diagrams include a fifth set of |ines representing
constant m xing ratio.
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Knowing T and p (pint T on the diagranm) the m xing
ratio lines can be interpolated to give the saturation
mxing ratio - the anbunt of vapor the air can hold in
g/ kg at saturation.

Knowi ng T4 and p (point T4 on the diagram the m xing
ratio lines can be interpolated to give at the actual

m xing ratio — the amobunt of vapor actually existing in
the air at that pressure |evel.

Because m xing ratio remai ns constant, we can observe
t he change in dew point during a lifting process, the
increase in relative humdity, and the approach to

saturation. On ascent T changes at the rate Iy and Ty

changes at a rate determ ned by w = constant. This
process scan be exam ned graphically:
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lifting condensation
level (LCL)

T (skewed)

The lifting condensation level is the level at which T
reaches T4 (which itself has decreases but at a | esser

rate). The air is now saturated and continued lifting

causes condensation in the formof a cloud. Above the

LCL, a parcel of air will follow the saturation

adi abat .

The convective condensation level (CCL)

The convective condensation |level is obtained when the
surface is heated (e.g. solar heating during the day)
and a convectively m xed | ayer (of constant 6 and w)
is created until saturation is achieved at the top
This assunmes sufficient noisture in the air. In
California summers, the air is too dry and the Pacific
hi gh pressure nakes the air too stable for sufficient
devel opment of a deep cloud convective |ayer. Again, it
iS best to represent this process graphically:
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convective condensation
level (CCL)

The solid line (labeled y) is the original sounding,
say, at sunrise. Solar heating progressively heats the
surface and warnms the | owest |[ayer of air. The
convective m xing generates a | ayer of constant
potential tenperature and constant mxing ratio until,
eventually, the air is saturated at the top

If the layer above the CCL is conditionally unstable,
t he cunul us cloud could devel op substantially.

Stability indices

As a sinple guide to the |ikelihood of convective
activity, a nunber of indices have been devel oped to

i ndicate the general level of instability in the

at nosphere. The index used nost comonly is the Lifted
| ndex (LI).

To calculate the Lifted | ndex:

1) Determne the mean mxing ratio and potenti al
tenperature in the lowest 1 km of the atnosphere.

2) Find the LCL for this nean w and 6.
3) Follow a saturation adiabat fromthis |evel to 500

nb and find T, of the lifted parcel.
8
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4) Subtract Tgy, fromthe observed 500 mb tenperature
Tso0 tO oObtain

LI = T500 = T500
( Tsoundi ng — Tpar cel ) 500nb

As a rul e-of -t hunb:

e LI > 2 no activity expected

e 0 < LI <2 RW probabl e, isolated T
possi bl e

e -2 < LI <0 T probabl e

e -4 < LI <-2 severe T possible

e LI <-4 severe T probabl e, tornadoes
possi bl e

However, there is sone geographic variability. For
exanpl e, in the nountai nous west, orographic lifting
can produce thunderstorns at |arger(nove positive)
val ue of LI

In addition, a triggering nechanismis needed to
initiate convective activity (frontal lifting, surface
heating, orographic lifting etc.), and there needs to
be sufficient water vapor in the atnosphere.
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