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Hello friends, today, we will discuss about atmospheric stability and lapse rates. You might
have heard, like atmosphere is stable or unstable in the sense whether pollution is being
dispersed properly or it is hanging around, so that particular situation on which specific
parameters it depends like lapse rate. Lapse rate mean, change in the temperature with the

height of the atmosphere.

So, those are known as environmental lapse rate. Then there is theoretical adiabatic rate
which is dry adiabatic lapse rate and wet adiabatic lapse rates, so all these things we will
discuss today. And in addition to the adiabatic processes, we will also see the role of this
ELR and DALR that is the Environmental Lapse Rate and Dry Adiabatic Lapse Rate on the

atmospheric stability. Because it will influence the dispersion of or movement of air parcel.

So, whether it is super adiabatic lapse rate or sub- adiabatic lapse rate or neutral or negative
or inversed like inversion. Inversion means, like in in normal conditions in the troposphere
the temperature decreases with the height. So, in case you meet that particular situation where
rather than decreasing of the temperature with respect to the height, if it increases then it is

inversion.

In that case vertical movement of your parcels or plumes and pups is completely restricted it
does not disperse in vertical movement. Although horizontal movement may be there along
with the wind, but this vertical this boundary layer dispersion restricts totally and that is very
serious situation. In many you know episodic events this inversion really creates havoc,

anyway. So, this we are going to study one by one these contents list.
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Atmospheric Stability(1/2)

Unstable

*  Air movement in the atmosphere is
strongly influenced by atmospheric
stability.

+  Stable - an object that is unlikely t
change or something that is balanced. Stabk

+ Unstable - an unstable object is likely
to fall or change position with time.

Source: (Stull, R., 2017) Image: https://pressbooks-dev.oer.hawail.edu

So, when we talk about atmospheric stability first of all let us see this particular you know
figure in this like for example, one ball is there. If | take this ball here, then if I leave then it
will come back. If | take this ball here, if | leave it will come back here. So, that situation,
means, in atmosphere also if there is an air parcel or plume or puff if we take a particular
point then if it goes away from that point and it does not come back then it is unstable like
this one.

You put the ball here, either it will go to this side or that side, it will not stay there. But if it
comes back then it is stable. So, if puffer plume comes back where it is released, it hangs
around on that particular altitude or height, then it is stable. And the neutral condition is like
it does not change unless we push or we provide some external force, it will remain there

only.

So, those kind of three major conditions may be there of atmosphere like it is unstable means
a lot of churning is there and a lot of movement of air can be there and dispersion of
pollutants will happen. But if it is stable then the dispersion will not happen much and a lot of
concentration may build up. Neutral again, means unless external wind power is there, wind
velocity is there or some force is there, it will remain there. So, that kind of particular air
movement in atmosphere, which is strongly influenced by atmospheric instability that we
need to study further.
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Atmospheric Stability(2/2)

+  Atmospheric stability depends on the variation of O ey
temperature with height/altitude. J
* In general stability refers to the tendency of air
to rise or to resist vertical motion. Thus, it

determines atmospheric status in terms of
whether or not air will rise, sink, or be neutral.

* As the air parcel rises, it will expand and cool
adiabatically to its dew point at which clouds are
formed.

Source: Spiridonov V., Curi¢ M. (2021) Image: https://presshooks-dev.oer.hawaii.edu

So, when we talk about this atmospheric instability basically, it is nothing but something
which is dependent on variation of temperature with the height or altitude. And in general,
the stability refers to the tendency of air to rise or sink or means to resist the vertical motion

or it helps in vertical motion.

So, basically it determines the atmospheric status in terms of whether some plume or puff or
air partial will rise or sink or remain at the same place where it is released. And, this air
parcel when it rises, it will expand and when it is expanding, then cooling effect there is there
through adiabatic process and that adiabatic process we will see, but theoretically it creates a
situation where cloud formation is there because of dew point is reached by this expansion
and cooling of the air. But adiabatic process means there is no heat exchange that is the

assumption. We will see later on, on that particular point.
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Unstable

Atmospheric

NELIY

Sources: https://www.nwcg gov

So, basically when we talk about these conditions of atmospheric instability, so, they are
broadly as | said, either unstable, stable or neutral, these are three basic conditions. Although,

inversion is also one which is extremely stable condition you can call it.
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Atmospheric Stability Conditions (2/4)

% Unstable

* If an air parcel is warmer than its surrounding

environment, then it will be less dense than its uusm?m
T >
surroundings and will rise like a hot air balloon. The parcel is warmer than

its surroundings, so it rises
and expands

Sources: https://www.weather gov Image: www.atmos.albany.edu, pressbooks-dev.oer hawaii.edu

So, when we say that it is unstable that means, when air partial is warmer than the
surrounding air. So, there are two temperatures please remember it. One is, the temperature of
the air parcel means, some puff or plume which has been released from the stack or air
pollution source. So, some temperature will be there of that particular puff or air mass or air
parcel. Let us call it air parcel, which is released as air pollution.



So, it has some temperature and it is released in the atmosphere, so the atmosphere also has
some temperature. So, in case the temperature of this air parcel which is released as air
pollutant if it is higher like 15 °C than the surrounding ear, which is 10 °C here, so, that
means this air parcel is warmer, it is lighter, so, it will rise, it will not remain there. So, it will
help in dispersion of air pollution. So, this is known as unstable atmosphere. Means it helps

in dispersion of the pollutant, it will not help pollution remain there only.

So, that means, difference between the environmental temperature, surrounding temperature
and the temperature of air pollution plume or puff of air parcel, the difference decides So, in
unstable when air parcel temperature is higher than the surrounding temperature then it is a

unstable and the air parcel will go away.
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Atmospheric Stability Conditions (3/4)

Air Parcel
. Sinks

* Stable -
@’1001 BLciir
* Ifan air parcel is cooler than its surrounding S—
environment, then it will be denser than its @ /
s L. STABLE
environment and will sink. T

The parcel is cooler than its
surroundings, so it sinks
and compresses

Sources: https://www.weather gov Image: hitps://pressbooks-dev.cer.hawaii.edu

In a stable condition, suppose warmer conditions are there and the temperature of the
surrounding air is warm more and this the parcel temperature is less in that case this parcel is
heavier. It is not lighter, it is dense, so, it will come down. So, that means, it may go towards
the ground and it will create pollution problem, this is the stable atmosphere basically.
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No change
in Air parcel

% Neutral

+ If an air parcel has the same temperature as

its surrounding environment, then the parcel NeuTRA
. P N . The parcel is the same
will not move and remain in suspension in enperateas
Surmoundings, no change
the atmosphere.

Sources: http://faculty.kutztown.edu, 20 Oct 2021

When we talk about neutral then the temperature of the parcel, temperature of surrounding
here it seem so, it will remain there unless you push it. Like if you push it then it will go there
and there itself it will remain if temperature again same. But if temperature is different, like if
temperature of the surrounding is less on higher side if it is 8 and if it is 10 then it will rise. If
itis 18 and if it is 10 then it will come back. So, that kind of situation will decide whether the
parcel of the air will go away from the situation or the point where it is released or it will

remain there.
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How to determine atmospheric Stability ?

+ Stability is dependent upon the Environmental
Lapse Rate (ELR), the Dry Adiabatic Lapse Rates
(DALR), and Saturated Adiabatic Lapse Rates
(SALR).

Altitude ——

+ The measured ELR can be compared with both
the DALR and SALR to determine the
atmospheric stability conditions.

Sources: http://faculty.kutztown.edu, 20 Oct 2021



So, how do we determine this atmospheric instability? So, basically, we see these lapse rates,
the environmental lapse rate is this one you can see here. And this is DALR Dry Adiabatic
Lapse Rate. So, the point is now, how to determine atmospheric stability. So, here we can see
like this is the Dry Adiabatic Lapse Rate this solid line. Dry adiabatic lapse rate basically
which is theoretical lapse rate we will see, but | can say that it is like 10 °C decrease of the
temperature with 1 kilometer or 1 °C per 100 meter in the troposphere, so that is known as

dry adiabatic lapse rate.

And then ELR maybe, something lower than or higher than DALR. So, it is like
environmental lapse rate which is existing in the atmosphere. So, you can see here this DALR
is there dry adiabatic lapse rate then environmental lapse rate and SALR saturated adiabatic
lapse rate. This is because of moisture or wet atmosphere. So, the major DALR can be
compared with both the DALR and SALR to determine the atmospheric stability. Because
ELR is the thing which is this surrounding air atmosphere, which can change every day, and
within the day, every hour it can change, but DALR and SALR almost constant those rates of
the temperature decrease with the height depending upon whether we are considering the dry

air or moist or wet air.
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Environmental Lapse Rate (ELR) (1/2)

* Inthe troposphere, the temperature of the
ambient air normally decreases with an increase in
the altitude.

* This rate of change of temperature is called lapse

T \/
L= =—
-2 Oz /
Where,

AT = Change in Temperature
0z = Change in Altitude

rate.

Sources: https://www britannica.com/science/lapserate Image: https://atoc.colorado.edu

So, here if we see this environmental lapse rate, which is nothing but the difference between
the temperature and the according to the height.
T, —T, AT

F: e
Z> —zy Az




So, if we assume like at Z1 height, the temperature is T1 and at Z2 height if temperature is
T2. So, we can see the difference of the temperature T2 minus T1 divided by Z2 minus Z1
that is delta T by delta Z. So, this is the tau or know it is known as the change of the
temperature or lapse rate. So, this is the lapse rate. And it can be either adiabatic lapse rate or
environmental lapse rate. But environmental absolute when we talk so in the atmosphere with

the height what is the temperature recorded, measured.
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Environmental Lapse Rate (2/2) =
v i

+ Environmental lapse rate is observed by using =m0
Radiosonde. $ r |
s I . |
+ Aradiosonde is a battery-powered telemetry s w

instrument carried into the atmosphere usually
by a weather balloon that measures various
atmospheric parameters.

* As a weather balloon rises through the s e
atmosphere, it measures temperature and other -
properties on the way.

+ This rate will differ from place to place, and from
time to time even at the same place.

Source: (Stull, R., 2017) Image: (https://www.basicairdata.eu)

So, now if we see this environmental lapse rate how do we measure it. Basically, this
Radiosonde experiments are done. So, meteorologists usually do this in the balloon those
instruments are put and then a sensor-based readings are there. So, as balloon goes up it gives
the reading with respect to the height. So, you can determine what is the rate of the decrease
of the temperature or increase of the temperature, whatever situation is there with respect to
the height.

So, those temperature recording is done, and then it is plotted with the height, so we then

know what is the rate of decrease or increase of the temperature.
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Adiabatic Lapse Rate

* The adiabatic lapse rate is the rate at which the
temperature of an air parcel changes adiabatically
in response to the compression or expansion b
associated with elevation change. 5o a

* Adiabatic process is express as no heat exchange
occurs between the given air parcel and its
surroundings.

** The types of Adiabatic Lapse Rate are

*  Dry Adiabatic Lapse Rate (DALR)
+  Wet or saturated Adiabatic Lapse Rate (SALR)

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015) Image: https://www.weather.gov

In adiabatic lapse rate basically, this is the theoretical change in the temperature with respect
to the height and it is in response to the compression or expansion of the air with respect to
the height. Like if you go up so, the air parcel expands and cools down the temperature
decreases. If you bring down then more pressure and the density increases, and it warms up
so temperature also increases here, you can say. So, adiabatic process is basically no heat
exchange that is the assumption. In adiabatic process we assume there is no heat exchange

between the parcel and the surrounding air.

And then these adiabatic lapse rate can be dry adiabatic lapse rate or wet or saturated
adiabatic lapse rate. As | said, if we consider the moisture or that available in the air, so, then
we can call it as SALR or Saturated Adiabatic Lapse Rate. Otherwise, for practical purposes

for calculations, we generally use dry adiabatic lapse rate and that is more popular.
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Dry Adiabatic Lapse Rate
& * The dry atmosphere, which may contain
) %:pe water vapor, but the air parcel is
\ Ya, N o unsaturated (relative humidity < 100%)
[ ”c,%j " will cool at the dry adiabatic lapse rate.
(]
sy When i ’ . ; 3
: ol e \\0] ¢ §| % The dry adiabatic lapse rate is 9.8
fuw wnanis-10C @ %00, §| = °C/1000m (5.4°F/1000 ft).
Ater rising to /’00 § ¢
analmuoewwo:n.\ O, 3
s new lemperature is 0' C 8|
oo d 0 bt e, 00
‘ . temperature s 10°C
20 a 10 0 K - 10
Temperature ('C)
Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015) Image: the phere, Jin-Yi Yu

So, in dry adiabatic lapse rate you see like this air parcel is going up and up so, it is
expanding and cooling down, and that with the rate of 10 °C per kilometer or 1 °C per 100
meter, so, that the calculation can be easily done, we will see. And this is unsaturated so it is
not relative humidity 100 percent. But when it is saturated, then we call it SALR Saturated

Adiabatic Lapse Rate.
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Dry Adiabatic Lapse Rate Derivation(1/6)

% The balance of forces on a slice of air of thickness Ah h=height N Va A=area
is made up of pressure and gravity forces, — )
(Polmﬁ)A
pa-(p+ ). ah)-a £k Eq-1 s e
N Mg o il L DL
1 PeA
Where, i ________
¢ Pisair Pressure i
+ Aisarea
¢ his height

¢ pis air density
* gis acceleration due to gravity

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015)




So, now, if we talk about the derivation of dry adiabatic lapse rate, so, you can see this very
simple figure which is self explanatory. One column has been assumed which has area, area
A and delta h that is the slice of this air, we have assumed delta as height. So, the pressure at
this point and the above point after this delta h if they are measured and if we determine the
forces at these points so the mass, the force exerted by this mass of the air in this slice is
equal to the difference between the pressures at these two points multiplied by the area so,
that you can see.
PA—(P+ (%)) ah) A= Ashpg
........... Equation 1

p is the air pressure A the area and h is the height of this column and delta is the height of this

particular slice, and p is the air density and g as you know the acceleration due to gravity.

(Refer Slide Time: 13:06)
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Dry Adiabatic Lapse Rate Derivation(2/6)

% The ideal gas law is used to convert the vapor pressure into
the corresponding concentration (expressed in moles of
vapor per volume),

Where,
— nis the number of moles of the chemical
— Vis the volume (liters)
~  Pisthe air pressure (atm)
- Ris the gas constant (0.082 (liter.atm)/(mol K)), and
~ Tis the absolute temperature (K)
— The left-hand quotient, C, is the concentration of a chemical in the gas
phase.

Source: {Harold F. Hemond, Elizabeth J. Fechner, 2015)

So, if we apply this ideal gas law very simple. So, vapor pressure into the corresponding

concentration which is used to convert the vapor pressure into corresponding concentration.

V. RT ... Equation 2



So, the moles vapor per volume, so, n by V, n is number of moles of the chemical V is the
volume in liters and P upon RT. So, this is equal because of this ideal gas law which is all of

you know, so, this can be used in in this particular derivation.

So, later on if we want to carry out this density part, so, you can have this p is equal to the
number of moles air per unit of volume n by V we multiplied by the average molecular
weight MW of air, which is around 28.96 grams per mole. So, by substituting this
relationship into the ideal gas law, which we have seen in equation 2, so, we get this

particular relationship.

P w = 2w
P=y™" TRr _
.................. Equation 3

dP  —MW.g

P  R.T dh

................... Equation 4
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Dry Adiabatic Lapse Rate Derivation(3/6)

* pis equa’|1to the number of moles of air per unit
volume (V) multiplied by the average molecular

weight (MW) of air (28.96 g/mol). Substituting this
relationship into the ideal gas law, Eq.2, gives

M = 2w 3
ST '

% Combining Eq.1 and Eq.3 and simplifying

P -MW.
e gdh ............. Eq.4

P RT /

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015)

And when we combine the equation 1 and equation 3 then we get this particular relationship
the pressure variation dP/P=(—MW .g)/(R.T) dh with respect to the height.
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Dry Adiabatic Lapse Rate Derivation(4/6)

+  Assuming adiabatic process, heat flow into a rising air parcel
is zero.

+ Conservation of energy requires that the mechanical
(pressure-volume) work performed by the air as it expands
equal the decrease in the internal energy of the air, which is
given by the product of its heat capacity (', (energy per unit
mass per degree) and the change in temperature,

d (1 ar
Pah(p) =bam | AR

Where,

+ Cy is specific heat capacity at constant volume

+  Tisabsolute temperature (K)

Source: {Harold F. Hemond, Elizabeth J. Fechner, 2015)

So, ultimately, we get this particular relationship this P d/0h (1/p)=—Cv 0T/dh , where Cv is

a specific heat capacity of at the constant volume, and T absolute temperature in Kelvin.

Pa(1)_ CaT
an\p) ~ Von
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.................... Equation 5

Dry Adiabatic Lapse Rate Derivation(5/6)

* Eq.3 can be rearranged as * Substituting Eq.5 and Eq.8 into £q.7
MW P gives
................. Eq.6
R )7 mw [ aT
+ Differentiating Eq.6, 0 ‘_‘ ( Cogpt o i‘.w‘"), Ea.9
ar B 1d
o= (P o) y
\‘/From Eq.3 and Eq.4,

ap
!

oh-

[y £q.8

Source: [Harold F. Hemond, Elizabeth J. Fechner, 2015)

So, these equations this equation 3 is rearranged afterwards when we have seen all these
relationships. So, ultimately you get from equation 3 equation, equation 4 this kind of
relationship [dp/0h = —pg]. And then substituting equation 5 and equation 8 into equation
7, S0 you get this particular relationship.



(Refer Slide Time: 15:09)

Dry Adiabatic Lapse Rate Derivation(6/6)

* Eq9can berearran@{s
a1 MW
/ .............. £q.10 , 0T _ -gMw

on~ R+C/)R
*+ The quantity (C, . MW) is the heat capacity expressed in
units of energy per mole per degree and equals (5/2)R for

diatomic gases.
Thus,
or  -gw  -(9-81m/s))- (2896 + 107 "«"/mol)
TS 7
R+ (3R (h)- (831 g1 1)

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015)

When you put those values so this
dT/0h=(—g-MW)I(R+CV.MW) ............. Equation 10

Now, we put these numerical values of all these, so, you get value of this point 0098 Kelvin
per meter or minus 9.8 °C per kilometer. So, approximately you can say that 10 °C per
kilometer or 1 °C per 100 meter. So, minus sign is nothing but you go up upper in the
atmosphere in the troposphere from the earth surface and temperature decreases, so that is the
you know this significance of minus sign otherwise, basically the value is 10 °C per
kilometer or 1 °C per 100 meter.
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Wet Adiabatic Lapse Rate(1/3) T,

* The rate at which adiabatic cooling for wet air a0 L’:,“w\@ :: 9, ‘
(an air parcel with a relative humidity of 100%) & TN 5, §
is called the wet adiabatic lapse rate, the moist j‘”“ :,':g;@ el i
adiabatic lapse rate, or the saturated adiabatic - e é
lapse rate (SALR). "lle ‘o‘ et ' “‘mgc“

* The heat released by condensation mitigates
the adiabatic cooling effect, resulting in the = vl G

parcel of ai being warmer than it would be

based on dry adiabatic cooling.
* Moist adiabatic lapse rate = 6°C / km (on
average in the troposphere

Source: (Stull, R, 2017)  Image BY: the , JinYiYu




When we talk about wet adiabatic lapse rate. So, when this humidity is 100 percent then we
consider this wet adiabatic lapse rate otherwise dry adiabatic lapse rate is enough for all
practical purposes. And then when we are considering this moisture, so, moisture also plays
role. When you go take this parcel here and then this heat released by condensation.

When you go up so, the temperature decreases condensation happens so the heat will be
released by condensation. The moisture will be condensed and the heat will be released. So,
the temperature of the parcel will be a little bit higher, you can say, warmer. This air parcel
will be warmer than it would be based on the dry adiabatic lapse rate. So, that is why the
most adiabatic lapse rate or saturated this adiabatic lapse rate is around 6 °C per kilometer,

whereas in dry adiabatic lapse rate it was 10 degrees Celsius, so that difference is there.
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Wet Adiabatic Lapse Rate(2/3)

144 + Where,

R4T 4 5 :
2_"-1 - [}, is wet adiabatic lapse rate
1+" (T.p) ) Iy is dry adiabatic lapse rate

CyRyT? O o
PR - Lislatent heat of vaporization of water
= "(T,p) is the saturation mixing ratio at given

temperature and pressure

* =l

* Ry is dry air gas constant q'(T.p)
(287 J/kg K) - py is saturation vapor density
* R, is water vapor gas = pqisdryair density
constant (461.5 J/kg K)
¢ Cpisthe specific heat
capacity at constant
pressure
*  Tisthe temperature

Source: {David A, Randall, 2009)

Anyway, so, this is the equation basically when you want to calculate, so these very simple
formulas you can use for calculating of this wet adiabatic lapse rate.
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Wet Adiabatic Lapse Rate(3/3)

Lq"(Tp) | \\\\Bs\

 ro= 1+ RdT' P \\\\\\ \\
m = 4| T rp) \\ \\ \
e ALY
I
+ The denominator is larger than numerator, so \ \‘\\ “\ |
[n < I, although I}, = I at cold L

temperatures. 2

*+  Ex, with pressure = 1000 mb and temp. = 288K,
I, = 4.67K/km.

As the temperature increases, the wet
adiabatic lapse rate decrease.

Source: {David A. Randall, 2009)

So, you can see the relationship of wet adiabatic lapse rate with respect to the height and the
temperature variation in this figure is shown, so this is the relationship which can be used for
drawing this particular figure. Well when we talk about you know specific instability
conditions, that can be combination any combination of this DALR, ELR and SALR. DALR
is Dried Adiabatic Lapse Rate SALR Saturated Adiabatic Lapse Rate and ELR is
Environmental Lapse Rate. So, combination of this can be of different kind. Like for



example, if we talk about absolute instability. This is the condition which happens when this
dry adiabatic lapse rate is more than this saturated adiabatic lapse rate and more than this

ELR Environmental Lapse Rate.
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Specific Stability Conditions (1/6)
‘ Absolute Stability: DALR > SALR > ELR.
* In this case, both plots are on the left or "cool" side of

the ELR. That is, both are on the stable side. This is
called absolute stability.

Altitude

* Air parcel of any relative humidity (RH) will cool faster
than the surrounding environment and will not
rise. Air would tend to sink and create clear skies.

ELR: Environmental Lapse Rate
DALR: Dry Adiabatic Lapse Rate
SALR: Saturated Adiabatic Lapse Rate

Sources: http://faculty.kutztown.edu, 20 Oct 2021

So, in this case, both plots are on the left side of this ELR or cool side of the ELR. This is
warmer and this is cooler. That is why this is known as at absolute stability. Means, it is not
unstable, rather it will be kind of air parcel of any relative humidity will cool faster than the
surrounding environment, and will not rise it will rather come down. So, air would tend to
sink rather than going up. And because sinking of this air creates clear skies and radiation
goes faster and means colder environment you can feel, but this vertical movement of air

parcel is suppressed in this stable atmosphere.
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Absolute Instability: ELR > DALR > SALR.

* Inthis instance, both parcel lines are on the right or
"warm side" of the ELR.

Altitude

* This means that air parcel of any RH will cool more
slowly than the environment and therefore always be
warmer than the surrounding environment.

* Air parcels will be buoyant and rise like hot air balloons.

ELR: Environmental Lapse Rate
DALR: Dry Adiabatic Lapse Rate
SALR: Saturated Adiabatic Lapse Rate

Sources: http://faculty kutztown.edu, 20 Oct 2021

When we talk about like absolute instability where this ELR environmental lapse rate is you
know, higher than DALR and SALR. So, you can see this means the air parcel of any relative
humidity will cool more slowly, not faster, more slowly than the environment. So, it will be
warmer than the surrounding environment, so it will go up. So, that really helps in dispersion

of pollutants.
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Conditional Stability: DALR > ELR > SALR

The SALR is on the "warm" side and the DALR is
on the "cool" side of the ELR.

Altitude

This means that saturated parcels will be
unstable and dry parcels will be stable.

ELR: Environmental Lapse Rate
DALR: Dry Adiabatic Lapse Rate
SALR: Saturated Adiabatic Lapse Rate

Sources: http://faculty.kutztown.edu, 20 Oct 2021

When we talk about some conditional stability like DALR is more than ELR and ELR is
more than SALR so those kinds of conditions may be there. In that case, SALR is basically
on the warmer side of ELR and DALR is on cooler side of the ELR. So, the SALR is on the



warm side and the DALR is on the cool side and it will have meaning that the saturated
parcels will be unstable, saturated parcels will be unstable it will go up, but unsaturated
parcels or dry adiabatic lapse rate following parcels, they will not go up. So, this is a
conditioning stability you can say.

(Refer Slide Time: 20:07)
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Specific Stability Conditions (4/6)

Wet Neutral: DALR > (SALR = ELR) !

* The ELR matches the SALR. Saturated parcels
will thus be neutral.

Altitude

* Dry parcels, being on the left or "cool" side of
the ELR will be stable.

ELR: Environmental Lapse Rate
DALR: Dry Adiabatic Lapse Rate
SALR: Saturated Adiabatic Lapse Rate

Sources: http://faculty.kutztown.edu, 20 Oct 2021

So, dry parcel will be stable, they will sink and saturated parcels will go up, means, they will
rise. When we talk about like wet neutral, so, DALR is more than the CLR and SALR and
SALR and ELR both are same. In that case, the dry parcel being on the left side or cooler side
it will sink it will be stable. It will be stable, but wet this saturated adiabatic lapse rate is
parallel to ELR so they are neutral. This will neither go up nor come down, it will follow the

same pattern.
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Specific Stability Conditions (5/6)

dry parcels will be neutral.

Dry Neutral: (DALR = ELR) > SALR

The ELR now matches the DALR meaning that

Note that saturated parcels, being on the right
or "warm" side of the ELR, will be unstable.

Altitude

Sources: http://faculty.kutztown.edu, 20 Oct 2021

ELR: Environmental Lapse Rate
DALR: Dry Adiabatic Lapse Rate
SALR: Saturated Adiabatic Lapse Rate

When we talk about dry neutral adiabatic lapse rate, so this is basically this ELR and DALR

parallel and SALR is on warmer side. So, well the saturated parcel being on the right side or

warmer side it will be unstable it will rise, but the ELR and DALR same so the dry parcels or

unsaturated parcel will hang on particular point where it is released.

(Refer Slide Time: 21:02)

Specific Stability Conditions (6/6)
Extreme Stability (Inversion): ELR is negative
* This indicates that the layering of the lower

atmosphere is such that warmer air lies on top of
cooler air, called temperature inversion.

* Both parcel lines are on the same, "cool" side of the
ELR. This is a special form of Absolute Stability.

* In this situation, no air parcel may rise. This often has
negative effects upon pollution dispersal.

SALR ELR /’
/
9 | DAIR /
3
2N /
g
\ /

Sources: http://faculty.kutztown.edu, 20 Oct 2021

ELR: Environmental Lapse Rate
DALR: Dry Adiabatic Lapse Rate
SALR: Saturated Adiabatic Lapse Rate

Then this is very dangerous situation as we know inversion. When this environmental lapse

rate is basically following the trend reverse trend means rather than decreasing of the

temperature with height it is increasing, this is increasing. This is the decreasing temperature



here the temperature is decreasing when we go this side, temperature is increasing when we

go to this side.

So, this is basically this DALR and SALR on cooler side, and so neither saturated parcels nor
unsaturated parcel will rise they will rather sink. And this is kind of cap this inversion acts as

a cap. It will not allow vertical movement of the air pollutants.

(Refer Slide Time: 21:47)

Atmospheric Stability - Role of ELR and ALR

100

* The relationships between the environmental
lapse rate (ambient lapse rate) and the dry
adiabatic lapse rate essentially determine the
stability of the air and the speed with which Elevation
pollutants will disperse. (m)

+  These relationships are
i.  Super Adiabatic lapse rate
ii. Sub-adiabatic lapse rate
jii. Neutral
iv. Negative/Inverse lapse rate or Inversion

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015) Image: (Ruth F. Weiner, Robin A. Matthews, 2003)

Well, so, what is the role of this atmospheric stability in determining the ELR and ALR? So,
the relationship between environmental lapse rate that is the ambient lapse rate or actual
absolute you can say, that is not theoretical. When we are talking about DALR and SALR
those are the theoretically derived lapse rates. When we are talking about ELR that is the
actual lapse rate which is existing in the atmosphere.

So, the relationship between the environmental lapse rate or the ambient lapse rate and the
dry adiabatic lapse rate essentially determine the stability of the air and the speed with which
the pollutants will disperse. So, you can see this is the adiabatic lapse rate. And this is severe
sub-adiabatic this is super adiabatic means if temperature is decreasing faster then it is

unstable.

So, unstable atmosphere is known as super adiabatic lapse rate follows the super adiabatic
lapse rate. Sub-adiabatic means the temperature decreasing but slowly so, that is kind of
moderately stable. Inversion means rather than decreasing temperature is increasing so that is

very completely kind of suppressing of the pollutants. So, these are basically the super



adiabatic lapse rate, sub-adiabatic lapse rate or neutral means if you know this ELR and this
DALR are same then we call it neutral conditions.

(Refer Slide Time: 23:07)
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Super Adiabatic Lapse Rate(1/2)

*  When the environmental lapse
rate (ELR) exceeds the dry
adiabatic lapse rate (DALR), the

! S : ambient lapse rate s said to be

Height super adiabatic.

IR
[i % / *  Super adiabatic atmospheric

conditions are unstable and
favor dispersion.

Temp. —»

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015) Image: (electronicsbug com)

So, here you can see this DALR is dotted lines and ELR is the solid line. You can see the
ELR is no faster. It is the temperature, actual temperature decrease is very high speed. So,
this is super adiabatic lapse rate, and this is the unstable and it favors the dispersion. And the
environmental lapse rate is exceeding the dryer adiabatic lapse rate because the temperature
is decreasing faster in existing atmosphere, than the theoretical DALR, so, that is the super

adiabatic lapse rate or unstable atmosphere.

(Refer Slide Time: 23:49)

Super Adiabatic Lapse Rate (2/2)

Ervroomenal nguates 1. ELR=12°C/km
2. DryALR =10°C/km
3. Wet ALR = 6°C/km

* The air warmer than
the environment rises
up in the atmosphere.

Source: (Harold . Hemond, Elizabeth J. Fechner, 2015) Image: (Air Pollution Meteorology, Brooks and Zungu, 2015)




So, you can see here in this particularly super adiabatic lapse rate you can see pollution, the
pollutants rise above and they go above and above and then temperature decreases, when they

are expanding and losing the heat, so those kinds of things are there.

(Refer Slide Time: 24:05)
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Sub Adiabatic Lapse Rate(1/2)

*  When the environmental lapse
rate (ELR) is less than the dry
adiabatic lapse rate (DALR), the
ambient lapse rate is said to be
sub adiabatic.

Height

*  Sub adiabatic atmospheric
conditions are stable and results
in poor dispersion.

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015) Image: (electronicsbug.com)

Well, when we talk about sub adiabatic lapse rates, so that means, the environmental offset is
slower and DALR is faster than the ELR like shown in this.

So, in sub adiabatic lapse rate this DALR is faster means the dry adiabatic lapse rate is their
theoretical lapse rate is faster temperature decreasing faster in comparison to the ELR and
ELR it's slower, so that is the sub-adiabatic lapse rate or a stable atmosphere you can see
here.
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Super Adiabatic Lapse Rate (2/2)

1. ELR=12°C/km
2. DryALR =10°C/km
3. Wet ALR = 6°C/km

* The air warmer than
the environment rises
up in the atmosphere.

L] L]

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015) Image: (Air Pollution Meteorology, Brooks and Zungu, 2015)

So here the it will not go up rather than it will sink the pollution or plumes will sink.

(Refer Slide Time: 24:37)
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Neutral Stability

A ¢ When the environmental lapse
rate (ELR) is same as the dry
adiabatic lapse rate (DALR), the
atmosphere has neutral
stability.

Height

Source: (Harold F. Hemond, Elizabeth J. Fechner, 2015)




When we talk about neutral means that DALR and ELR parallel, and the pollution wherever

it is released, it will hang around but it will go away with the wind.

(Refer Slide Time: 24:51)

Inversion(1/3)
+ When the air temperature increases with
altitude then the lapse rate becomes
} inverted or negative.
Kk — DAIR
-1
,,,,,,,, hemom—-
Temp. ,;
Inversion
Source: (lyyanki V. Muralikrishna, Valli Manickam, 2017) Image: (Iyyanki V. Muralikrishna, Valli Manickam, 2017)

Of course, wind also takes part in removing the pollution from one place to another. Well in
inversion as you see this ELR is the temperature is increasing with the height so it will

suppress the vertical movement of the air parcel or pollution.

(Refer Slide Time: 25:04)
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Inversion (2/3)

* When the reverse or negative lapse rate
occurs, a dense cold stratum of air at
ground level gets covered by lighter
warmer air at higher level. This
phenomenon is known as inversion.

m—=— |

Source: (Air Pollution -MN Rao HVN Rao) Image: (Iwww.sciencelearn.org.nz)

So, you can see here this this kind of thing. So, here like this is normal pattern where
temperature is decreasing with the height, so the plume goes up. In this temperature is
decreasing, temperature is increasing rather than decreasing with the height so the plume will



come back, it will not cross this particular point where this inversion phenomena is there. So,
inversion layer is having a kind of cap which will not allow the vertical movement of

pollutants.

(Refer Slide Time: 25:35)
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Inversion(3/3)

¢ Inversions are extremely stable and trap pollutants, inhibiting dispersion.

*  There are four kinds of inversions:
~ Ground/radiation inversion
- Turbulence inversion

Subsidence inversion

Frontal inversion

Valley inversion

Source: (www.britannica.com)  Image: (lyyanki V. Muralikrishna, Valli Manickam, 2017)

Well, inversions are also of several types. Like ground or radiation inversion thermal
inversion also it is known as then turbulence inversion because of winds, turbulence.
Subsidence inversion because air mass subsides. Then frontal inversion because of warmer
and colder air cross then valley inversion which happens because of valley effect we will see

by figures.
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Ground/Radiation Inversion

Daytime

* Radiation inversion is caused by
radiation of heat from the earth at
night.

200 to 300m ht. 0n|y

¢ Asheat is radiated, the earth and the air
closest to it cool, and this cold air is
trapped under the warm air above it.

*  Pollution emitted during the night is
caught under the “inversion lid.”

Night and Early Morming
Midnight

Source: (lyyanki V. Muralikrishna, Valli Manickam, 2017) Image: (Ruth F. Weiner, Robin A. Matthews, 2003)

So, in this figure you can see this ground or radiation inversion because of this thermal
phenomena exchange. For example, this is the, a particular at a particular place, this is the
gradient of the temperature, so, temperature is decreasing with the height. But what happens
like evening time, evening time when sunsets, so, the temperature of this surface decreases

because it loses heat very quickly.

So, the temperature decreases and the air which is upper those above the surface their
temperature does not decrease so quickly. So, what happens the temperature at the surface
earth surface and the nearby layer of the air that is less than the temperature of the air layers
which is above that. So, the temperature rather than decreasing it is like this, it is increasing
with the height up to some height only, we can call. So, this is known as radiation inversion
or ground level inversion which occurs in deserts very quickly in the evening times. And in

winters also we faced this kind of inversion quite frequently.



(Refer Slide Time: 27:10)

A
Turbulence Inversion

Turbulence Inversion * When quiescent air overlies turbulent
: air.

re Profile

* Upper part of turbulent layer cools
due to vertical mixing.

Quiescent Layer *  The unmixed air above is not cooled
(remains warm) and thus inversion exists.

Turbulent Layer
Due to mixing
cooling of Layer

Source: (www.britannica.com)

In turbulence inversion you can have particular this upper part of turbulent layer cools down
due to vertical mixing. So, the temperature this is like here, this is the temperature decreasing
with the height and at the ground level and up to some height again the same pattern, but
within this particular layer you will find that the temperature is increasing. So, above the
turbulent layer where temperature is decreasing and this turbulence inversion is because of
this phenomena. And you will find that in between one layer is there where temperature is

increasing. So, that is known as turbulence inversion.

(Refer Slide Time: 27:59)
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Subsidence Inversion

* This s associated with a high-pressure
system and is caused by the
characteristics sinking or subsiding
motion of air in a high-pressure area
surrounded by low pressure areai.e.,
anti cyclones.

* Uptol5km
* |tisalso called mechanical inversion.

Source: (lyyanki V. Muralikrishna, Valli Manickam, 2017) Image: (lotusarise.com)




Similarly, you know in subsidence inversion is there. In subsidence inversion what happens
like air mass comes down, so, it compresses air and the molecules strike with each other and
the temperature increases. So, in this particular layer, you will find at a particular depth,

temperature, rather than decreasing it is increasing. So, that kind of inversion may also
happen.

(Refer Slide Time: 28:23)

Combination of subsidence inversion and
radiation inversion

h \ The subsidence and radiation
inversion may occur simultaneously,
known as double inversion,

Subsidence Inversion

\ I
Radiation Inversigh \
T

7 Al

Source: (lyyanki V. Muralikrishna, Valli Manickam, 2017) Image: (lotusarise.com)

Well, combination of inversions maybe there like radiation inversion and then subsidence
inversion maybe there at a particular height, so the combination may also occur. So, for

example, suppose this is the stack and the pollution is coming out of this. So, it will not go up
it will just remain in this particular layer.

But, if some stack height is above this inversion layer, so, here it will very quickly disperse.
So, it will depend up to which layer the stack height is there.
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Frontal Inversion

undercuts a warm air mass
and lifts it.

* Warm air above and cold air
below and thus inversion.

warmer, lghter air o S . +  Afrontal inversion occurs
' y ‘ q when a cold air mass

Source: (www.britannica.com)  Image: (5290 Unit 6 part 1, University of Alaska, Fairbanks)

This is the frontal inversion where cool air mass strikes with the warm air, so the temperature
gradient again you can see that at some height, the temperature rather than decreasing it is

increasing because some warm layers will be on the upper side. So, that is known as frontal
inversion.

(Refer Slide Time: 29:14)

Valley Inversion

Cold air
¢ Thermal inversion where the

sides of the valley contain the
cool air near the ground.

Cool air

Source: https://www.qld gov.au

Similarly, in the valley like you know, in the morning when sun comes to our surface
becomes quite hot, the temperature is increasing and the valley the surface is cooler in
comparison to the height of the those mountains. So, in that also sometimes this kind of

inversion occurs and this is diurnal inversion weather daily, because of morning and then the



sunset after sunset. So, that that kind of inversion can be there, because of temperature
difference at this level and the valley level. So, those may be dangerous when if there are

some industries and emitting some pollutants, this will not disperse so quickly.

(Refer Slide Time: 30:00)
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Conclusions

¢ The movement of an air parcel depends upon the
atmospheric stability conditions.

* The relation between temperature and the altitude can be
understood by lapse rate.

* The environmental lapse rate (ELR) and the Dry Adiabatic
lapse rate (DALR) determines the stability conditions in
the atmosphere.

* The Inversion phenomena traps the pollutant, inhibiting
dispersion which increases the air pollution.

So, in conclusion, we can say that the movement of air parcel or air pollution basically
depends upon the atmospheric stability conditions. And the atmospheric stability conditions
are basically determined by the lapse rates or the temperature variation with the height. So,
the relation between this temperature and the altitude we call it like lapse rate and it can be
environmental lapse rate which is actual and theoretical is DALR and SALR dry adiabatic

lapse rate and the saturated adiabatic lapse rate.

So, environmental lapse rate and dry adiabatic lapse rates that determine the stability
conditions in the atmosphere. And the inversion phenomena traps the pollutant and it is very
dangerous phenomena. It inhibits the vertical movement of the pollution. So, which happens
when temperature rather than decreasing increases with the height. So those kinds of
conceptual understanding | hope you got through this presentation.
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For additional information, you can go through these references. And | thank you for your
kind attention. See you in the next lecture. Thanks again.



