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Announcements

HW4 is due Today. Please upload to Canvas by the end of the day.

HWS has been uploaded to Canvas. It is due in two weeks.




Last class: Stability solutions
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The troposphere is usually stable to dry motions, but can be unstable to saturated motions.




Available potential energy

In classical mechanics, total energy (TE) is the sum of potential and kinetic
energies (PE & KE).

It = KE+ PE

Energy is a conserved quantity

E(KE) = — R(PE)
Dt - Dt

How does this relate to buoyancy?
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Available potential energy
For a 1-D parcel rising through the troposphere

Dw
w—=2~5
Dz
Can rewrite as
D [ w?
— | — | =B
Dz 2

Where the left hand side describes the change in KE as the parcel rises. By
definition, buoyancy must be the change in PE as the parcel rises!

D
B = — — (APE)
Dz




Available potential energy

D
B =—— (APE)
Dz

Where APE means Available Potential Energy.

It is defined this way since most potential energy in our atmosphere cannot be
readily converted to kinetic energy. This is due to the strong constraint of
hydrostatic balance and our planet’s rotation.




Available potential energy

Can integrate equation to obtain the conversion of PE to KE

%
—AAPE = [ Bdz Is the change in available potential

energy
{1

We generally split the integral into components

— AAPE = AAPE(B > 0) — AAPE(B < 0)

We define the Level of Free Convection as the height where the
parcel becomes buoyant (B >0)

LFC = z(B > 0)




Available potential energy

Can integrate equation to obtain the conversion of PE to KE

%)
—AAPE = Bdz Is the change In available potential
. energy
1

We generally split the integral into components — AAPE = CAPE — CIN

AKE = CAPE — CIN

LZbB
CAPE = J Bdz Is the Convective Available Potential

Ener
LEC 9y

LFC
CIN = — J Bdz Is the Convective Inhibition

<]




Why CAPE and CIN?

The Convective Inhibition is the
LFC intregrated region where B < 0.
CIN = — J Bdz
Z Work must be done to lift a parcel
over this region (e.g. by a front)

CIN is the work that must be done to lift a parcel from a height z1
(usually the surface) up to the region where it becomes buoyant.




Why CAPE and CIN?

The CAPE integrates the region of

LZB
troposphere where B > 0.

CAPE = I Bdz

LFC The level of free convection iIs when a
saturated parcel becomes buoyant

CAPE is the integrated buoyancy from the level of free convection
until the level of zero buoyancy, where B becomes negative again




Updraft velocity

Cal also calculate a parcel’s maximum vertical velocity based on
the kinetic energy change. Assuming the parcel starts
approximately at rest.

w, .= 2CAPE




Exercise

78526 TJSJ San Juan r
100 B .
L
PRt
&
200 ““Q Assume that a parcel is lifted from the
N surface. Based on this sounding find:
\ \ 1. The mixing ratio at the
" O XXX A D5 — surface.
400 AX NANTT . 2. The LCL
/A )7 /,7/‘><,_/ /4 3. The areas where B>0 (CAPE)
500 /%/ L //% e 4. The areas where B<0 (CIN)
s00 KL N~ X VAR 4 o /A - 5. The level of neutral buoyancy.
avey L NA S /z/\i)/%/ R
™ K A
800 KoL AN/ L A AN LS LA XA 777 A
o AR T AT A 2
1000 %“7%%%%( AP AT —\

-40 -30 -20 -10 0 10 20 30 40
00Z 18 Nov 2021 University of Wyoming




Caveats about CAPE and Wmax

The calculation of CAPE and wmax assumes
* No aerodynamic drag
e No effects of the mass of liquid or ice in the parcel (HW5 last problem)
* No mixing

Because of this, wmax is an overestimate of the actual vertical velocities observed In
deep convection




Mechanically-forced lifting
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Synoptic-scale (~1000 km) ascent
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Resulting vertical motion is weak
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Synoptic-scale (~1000 km) ascent
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Notice however, the strong

gradient in equivalent potential
temperature.

br /&4/\

1. > -2
: 4”§A”M/ﬁ»

A
 /”§/A\/*r

7‘“/ /‘/‘/

l .

16Z HRRR - FO03 Valid: 19Z MON JAN 28 2019

S 1

240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370
| [ |

1 1 1 1 1

i T -

\-ﬂ"‘ - -—-"\-—-"\_—-\.ﬂ-'\/\/\/\/




Entropy and vertical motion

D@e Equivalent potential temperature iIs
~ () conserved
Dt

Can expand using the chain rule to obtain

00, 00, 00, 00,
+u—+v—+w— =0
ot 0x 0y 0z

By looking at the previous map we can guess that, locally




Mechanically-forced lifting
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How fast is air rising?
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