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Chapter 8 (ctd). Adiabatic lapse rates and atmospheric stability JDW, EAS U.Alberta, last mod. 26 Oct. 2016
Unconditionally unstable layers (also P ALk Neutrally stable layers:
known as "absolutely" unstable layers):

 ELR equals DALR (if unsaturated)
or SALR (if saturated)

" |ELR|>|DALR| (7 <

Sel dbM o CCur QlO’FT ) ‘)MT are e CcOommon

Normal 1n The Sum wer O\aj‘L'MC * brought about by strong mixing

ASL ( Atmes. surfec la:\f_r > lowest and/or absence of heat input/loss

- Sufes )

NS0 -j60wm ~« strong winds and overcast skies

' tend to produce neutrally-stratified

Uastable laubsomc‘tj ’f;»(ces) S—“(b’ﬁ layer

-H« bul ence and mix '\"j' probably a buoyant plume, i.e

S, l hot gas, emerging from stack
Unconditionally stable layers: into a stable layer

L=

wen’( dO\J/\ Ward Ml'x",j

e ( f'\\)e,(‘_jlt()n 7)

T
ELR weaker than SALR %Z 7

common at all elevations

MAL R

strongest case is the “inversion,” in which ELR
IS positive (temperature increasing with z)

buoyancy forces suppress mixing
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Sec 8.4. Stabllity types — conditional instability

Conditionally unstable layers: 77 _ 77<'T’ ;
m

2/9

o

4 DALR  ELR
* ELR between DALR and SALR (7= ING SALR A SALR
1.e. belweer 4he +wo benchmacks. )= fz ) ______
« overall, most common state of the free
troposphere (above the ABL) ok
S
* less common in high latitude winter (thus do
deep convection and convective storms T - Work
less common In winter) I +o
L ||‘F’\'
« absolute instability uncommon abovethe | b ael
ASL** because its very existence spurs Leom
strong mixing that returns the ELR VA
towards the DALR or SALR 1
(R cvnd hoviall o unsiclole ,ajcf LFe

Can FNOQMCQ U.ja/ous Conded\'on
,‘( \)U}-{ca‘ Mmohon 1S frced

(eq fants, pegeaphsy) o
Parcels reacl vt LLFC

Fig 8.19

Temperature

Level of Free Convection (LFC) — the level
at which an adiabatically lifted parcel first
becomes warmer than its environment

**Atmospheric Surface Layer (ASL): roughly
the lowest 50-100 m of the atmosphere
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Sec 8.4 Stability types... ELR normally varies with height 3/9
This is a typical summer fairweather daytime scenario

Does Fig 8.21 give sufficient
SulDQ(q diababc ofc er (uacon . u,\SJT‘D o information to determine the
~ LCL, and whether there will be
neubral ' miyed lajef AG/AZ =0 ~ c¢loygd>
alusd s“a'ole abode M1t x e\ \Ajaf AO/AZ>O NO
llco‘l,i?“ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
A y "
ryodersion
z —— —— — — L——— - ELR < SALR
Sk Inversion
| Z ~ 1_2 km -"f .......................... .
| Convenient to plot

: potential temperature
_ Fig 8.21 ELR DALR instead — why? Easie(
5 | ELR = DALR 4o diaancse shawili
:E : | { | Mixed Layer

"Mixed layer" 29 $ (ELR =DALR)

e o S
("superadiabatic” lapse rate) - A2y N Surtace Layer
=

Temperature Potential Temperature
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Sec 8.5. Factors influencing stability 4/9
Q*

Heating at low levels** and/or Cooling aloft**

_QE_QG strongly positive during cold advection aloft

strong solar radiation longwave radiative cooling of cloud
‘ tops

Advection of the airmass over a warmer surface
Unstable thermal stratification results in strong
mixing, thus efficient transport away from the
surface

A **Low level warming or
ELR ' cooling aloft destabilize . \ ELR
W the air column

Cooling at low level
. and/or warming aloft
\_stabilize the column

Height
Height

Fig 8.23

k!

Temperature Temperature
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Sec 8.5. Destabilization of a lifted “dry” layer, illustrated on emagram 5/9
Mixing Ratio (g/kg) N O‘T

F 3 3
_ isotherms are vertical ExAMINABLE
o MIPIERM

00801 15 02 0304 06 0810 15 2
20 b b L -

Layer AB is absolutely stable & (let's assume) arguments of

unsaturated pages (5,6,7) are
not "proofs"” of the

_ . h th
Idealized process: unsaturated layer AB is lifted|geccribe. they are

as a whole merely "suggestive"
explanations

77

7

Layer expands: top (B) ascends further than
base (A), thus layer A'B' thicker than AB

i

Pressure (kPa)
()b

;: ELR of A'B' closer to DALR than was ELR in
: R I L S

| Family o
< saturated

T TT TTTT TTTT TTTT TTTT TTTT TTT T TTTT rTTl rTTrrT
-50 -45 -40 -35 -30 -25 -20 -5 -0 -5

Temperature (°C)
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johnd
Text Box
The arguments of pages (5,6,7) are not "proofs" of the phenomena they describe: they are merely "suggestive" explanations


NGT EXAMINAGLE o0 MIDTERM
Sec 8.5. Destabilization of a partlally saturated layer, illustrated on emagram 6/9

00801 1502 0304 060810 15 2 3 4 ~ Idealized process: layer AB is lifted as a whole
20 : —

N

\ Famlly Of : N\ base of layer (A) is saturated, ascends at SALR to A
saturated \: ‘

— adlabats

1 top of layer (B) is unsaturated, ascends at DALR to B

Famlly Of ELR of A'B' “steeper” than DALR (absolute instability)

| = (Note that ELR in AB shown as an inversion)

O Termed “potential” instability

H

(wy) 3ybra

What static stability classification
~does layer AB have?

—50 —45 —40 —35 —30 —25 —20 —15 —10 -5 0 5 1 1% 20 25 30 35 40

F|g . 8 . 25 Temperature (°C)
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Sec 8.5.

N6T £XAMMINARLE 6N

Stabilization of smklng layer, illustrated on emagram MaoTE R 719

00801 1502 0304 060810 15 2 3 4 ~ Idealized process: layer AB sinks as a whole

20

Family of

Famlly of
saturated

- adiabats <
T NN

Top (B) and base (A) of layer both warm at DALR

Layer as a whole is compressed. B sinks further than A

NN ELR of A'B' an inversion (absolutely stable)

Pressure (kPa)

" K Termed “subsidence inversion”

IIII TTTT TrTTT II.III.II'I‘I |r||'1'||1'||r1 7Tl r'||r TTTT [ TTTT [ TTTI TTTT rTTT TTTT TTTTT
-50 -45 -40 -3 -30 -2 -20 -5 -10 -5 0 5 1 1 20 25 30 35 40

Temperature (°C)
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Sec 8.6 Fairweather daily cycle in stratification (clear skies, no thermal advection) 8/9

Surface Layer ("ASL"): approx. the lowest 100 m of the ABL

« site of strong vertical wind shear and strong vertical temperature gradient

Day:
Free Air

P Inversion
Tz

. T

2

o

T Mixed Layer

(ELR = DALR)

Surface Layer |ELR| > |D ALR|

Fig 8.29a

Temperature

T(z)

>

Height

A Free Air

Inversion

poog 8

S :

: Mixed Layer
i (ELR =DALR)

(ﬁurf&ce Layer (ELR > DALR)

-

J
Potential Temperature 6 (z)
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Sec 8.6 Fairweather daily cycle in stratification (clear skies, no thermal advection) 9/9

Night: Q*¥= L* <O > Gu< O fook

\ Free Air Free Air
; / Inversion Inversion
o o
o o
T T :
Residual Layer Residual Layer
(ELR = DALR) (ELR = DALR)
no layel
Inversion C© O] ! ’\5 j Inversion
Temperature Potential Temperature

Fig 8.29b
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Topics/concepts covered

e generalities as to where/when [unstable, condit. unstable, stable] layers are
observed

 resulting change in the stability of a layer that is lifted or lowered
» character of the atmospheric surface layer (ASL)

« fairweather daily cycle in stratification of the ABL.: typical height profiles of T(z)
and of 6(z) through the ASL to the top of the ABL and into the free atmos



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10

