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Parcel Theory
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Pressure vs. Height in a Standard
N N ) N Atmosphere
= Q Y~ o :é: 1< Q Pressure Height (m) | Height (ft)
~ - /‘1 N o A j —)A -— (hPa)
100 16,180 53,083
150 13,608 44,647
Isobars 200 11,784 38,662
250 10,363 33,999
300 9164 30,065
350 8117 26,631
400 7185 23,574
450 6344 20,812
BEY 500 5574 18,289
-
A}
j‘jg//l\ ? 550 4865 15,962
600 4206 13,801
650 3591 11,780
700 3012 9882
750 2466 8091
800 1949 6394
850 1457 4781
©The COMET Program
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1050-100 hPa, [A]ff50hPa.
950 540 1773
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Clausius-Clapeyron relation

des Lv (T)es

dT  R,T?
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The August—Roche—Magnus formula provides a

solution under that approximation
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Profiles Plotted on a Skew-T / Log-P Diagram
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How to produce a hodograph?

1. Convert wind barbs to wind vectors
2. Plot all wind vectors on a polar coordinate chart
3. Connect the end points of the wind vectors
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Legend

Skew-T Diagram with Legend, Multiple Soundings, and Calculated Quantities
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Parameters: Moisture

Skew-T Procedure to Determine Saturation Mixing Ratio

II' . "- . ] . .
400/~ The saturation mixing ratio (w,): the ratio of
the mass of water vapor (M,) to the mass of
dry air (M) in a parcel of air at saturation.
%07 the maximum amount of water vapor that a
parcel can hold without condensation.
600
700 ’ \ 2N W i ¥,
B0 Tq=&C T=8C
&> L -
900 — Va . P
i - wg = 6.5 g/kg
1000 . x A X X
hPa
-20 -10 0 10 20 30C

1.0 2.0 3.0 5.0 7.5 10.0 15.0 20.0 g/kg
E&The COMET Program



Parameters: Moisture

Skew-T Procedure to Determine Mixing Ratio

\ 3 A .
4001 The mixing ratio (w): it measures the actual
amount of water vapor present.
500 - L V4
600| .
700 ’ X L
i G NN ? Tg=6C , //T=6C /7, =g
x » LA @L S
900 - AN
1000] "¢ S %
hPa :
-20 -10 10 20 30“C
1.0 2.0 10.0 20,0 g/kg
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Parameters: Moisture

Skew-T Procedure to Determine Relative Humidity

401 Relative Humidity (RH): RH = 100 * (w/w,)

Dew point depression T-T,
500 3 ’
600 |-~

RH = 100 * (wiwg) 7
700 AN AN =100 * (3.0/ 6.5} ..
- - = 46%
i . Td=-6C, ~ T=6C . *
HD[I_ F ’ . - b ria w:ﬂ.hﬁfgjl:{g .. WF=EE.L5\9,|'|.EQ '-. o —
1000 . il 4 4 _ K
hP
a—Eﬂ -10 0 10 20 30“C
1.0 2.0 3.0 2.0 7.5 10.0 15.0 200 glkg
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Parameters: Moisture

T | W, =0.622—>  ~ 0622
e saturation vapor pressure Ke/kel D—e, D
(e.) : that part of the total 5 e e
atmospheric pressure W, = 622——~= 622—
attributable to water vapor if (8/ke) P—¢ P
the air were saturated. SkewT Procedure to Determine Saturation Vapor Pressure
* From the (T,P)follow the 500
isotherm to the 622 hPa . |
isobar. The value of the Mt
saturation mixing-ratio line 700
through this pointat 622 hPa | =~ = > “—
(hPa). 0
e lRep.eat Animat:ic‘arﬂ : ' : ’ </ ~7

©The COMET Program


http://www.meted.ucar.edu/mesoprim/skewt/isotherm.htm
http://www.meted.ucar.edu/mesoprim/skewt/isobar.htm
http://www.meted.ucar.edu/mesoprim/skewt/sat_mix_ratio.htm
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Parameters: Moisture

* The vapor pressure (e) : that
part of the total atmospheric
pressure attributable to water
vapor.

* From the T at the given
pressure, follow the isotherm
to the 622 hPaisobar. The
value of the saturation mixing-
ratio line through this point at
622 hPa gives the vapor
pressure in hectopascals (hPa)
at the given pressure

w=0.622_°_
(kg/kg) p—¢

W= 622—°
(g/ke) p—¢

Skew-T Procedure to Determine Vapor Pressure

400

500

00|~ 622 hPa~—~

700

800}~

900 Td‘= 19 C

-{ Repeat Animation P

1000
hPa
-20 -10 0 10 20
1.0 2.0 3.0 5.0

¥ > '

30°C
200 gafkg
©The COMET Program


http://www.meted.ucar.edu/mesoprim/skewt/isotherm.htm
http://www.meted.ucar.edu/mesoprim/skewt/isobar.htm
http://www.meted.ucar.edu/mesoprim/skewt/sat_mix_ratio.htm
http://www.meted.ucar.edu/mesoprim/skewt/sat_mix_ratio.htm

Parameters: Temperatures

T =T0+0.61w) ke
* The virtual temperature (T,) is ~ T ) kehe

the temperature at which dry T,~T+w/6 g/kg  °C
air would have with the same

Skew-T Procedure to Determine Virtual Temperature

density as the moist air,ata .|
given pressure.
500 w -
—_ NS ' . Ty=T+wi6
p T deTV 600| S . -:g_go:gﬁ :
700 ’ v \ ., Pa. ril
{ N/ _ 4 Taz€cC,  T=EC -
apn S— hy -I o ol ay L ol -
1000| N w=3gkg ( 4
hPa
=20 =10 0 10 20 30-C
1.0 2.0 3.0 5.0 10.0 200 glkg

EThe COMET Program



Parameters: Temperatures

R
The pot.entlal temperature 0=T (1000)cp
(theta) is the temperature that D
a sample of air would have if it
were brought d ry_adiabatical |y Skew-T F.'rncedure to Determine F’.ntent.ial Tq.i!mperature. (F)

to a pressure of 1000 hPa.

300

Ta = -40°C. T =-30°C
500 : -\ -

600 —

700
800 |-

900 Repeat Animation N
1000 - Theta = 23°C = 296K
hPa =30 -20 -10 0 10 20 30 °C
0.2 06 1.0 20 3.0 5.0 10.0 20.0 alkg
©The COMET Program




Levels

The lifting condensation level (LCL) is the height at which a parcel of
air becomes saturated when it is lifted dry-adiabatically.

Skew-T Procedure to Determine
Lifting Condensation Level (LCL)

Repeat Animation | 7 () 20

©The COMET Progr




Parameters: Temperatures

The equivalent temperature
(T.) is the temperature at a
level that a sample of air
would have if all its moisture
were condensed out by a
pseudo-adiabatic process

HAEE. 1 T REsA P

Fr ek (R , S ﬁ
AR HIHOL T, EHleEs,
T T )8 A 2 S I B T ik
I R

300

Lg

S

T,=T(1+

C pTLCL

)

Skew-T Procedure to Determine Equivalent Temperature

500

600 | —

700

800 |-

900

1000
hPa

) Saturation Adiabat

Parallel to Dry Adiabat

ST h S 4 .
Repeat Animation _ id JJ" Te=17°C
. . R
=30 =20 -10 0 10 20 30 °C
0.2 06 1.0 20 3.0 5.0 10.0 20.0 alkg

©The COMET Program



Parameters: Temperatures

The equivalent potential
temperature (theta-e) is the
temperature a sample of air
would have if all its moisture
were condensed out by a
pseudo-adiabatic process and
the sample then brought dry-
adiabatically back to 1000 hPa.

0. = 0(

e
P

1+ qu)
C TLCL

Skew-T Procedure to Determine Equivalent Potential Temperature

300

500

600 —

700

800 |-

900

1000
hPa

X Saturation Adiabat

Parallel to Dry Adiabat

~—Td

LV\

Repeat Animation

T

0.2

=30

=20 -10 0
06 1.0 20 3.0 5.0

10

10.0

Theta-e = 32°C

20 30 °C
20.0 a'kg
&The COMET Program



Levels

The convective condensation level (CCL) is the height to which a
parcel of air, if heated sufficiently from below, will rise adiabatically
until it is just saturated. Usually, it is the height of the base of
cumuliform clouds produced by thermal convection caused solely by
surface heating.

Skew-T Procedure to Determine the
Convective Condensation Level (CCL)

Repeat Animation

©The COMET Program



Parameters: Temperatures

The convective temperature (T.) is

the surface temperature that must

be reached to start the formation of

convective clouds caused by solar 5“‘&’;15;233“{:"5353{32““°
heating of the near-surface layer.
From the convective condensation =~ "%~
level (CCL) on the temperature

profile, proceed downward along a ;
dry adiabat to the surface-pressure <
isobar. The temperature read at this  [Eeextfnmaton /¥
intersection is the convective

temperature (T,).

© The COMET Program


http://www.meted.ucar.edu/mesoprim/skewt/ccl.htm
http://www.meted.ucar.edu/mesoprim/skewt/ccl.htm
http://www.meted.ucar.edu/mesoprim/skewt/dry_adiabat.htm

Levels

The level of free convection (LFC) is the height at which a parcel of
air, when lifted, becomes warmer than its surroundings and thus
convectively buoyant.

Skew-T Procedure to Determine
Level of Free Convection (LFC)

- - L

Repeat Animation

©The COMET Program



Levels

L Y F T 5 o = " L W !

ilikri i ' Skew-T Procedure to Determine :

The eqUIIIbrlum Ievel (EL) 1S the Eqmllbrlum Level {EL} for a Lifted Parcel
height where the temperature of A B T

a buoyantly rising parcel again
equals the temperature of the
environment.

T 7 - -_ : -‘LCLL‘H

Repeat Animation b
e | P Sy ‘{ 7 @The CDMETPRagram




Levels

The tropopause is defined as the boundary between the troposphere
and the stratosphere. It is usually marked by a significant change in
lapse rate from less stable below in the troposphere to very stable
above in the stratosphere.

54511 ZBAA Beijing
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The maximum parcel
level (MPL) is the
level to which a
parcel will travel
before exhausting all
of its upward
momentum.

Levels

Determination of Maximum Parcel Level (MPL)

Negative area-~

MPL

EThe COMET Program



Parameters: Temperatures

The wet-bulb temperature is

the temperature to which a T =T-=L W —W
parcel of air at a constant W C
pressure cools through the P

Skew-T Procedure to Determine Wet-bulb Temperature

evaporation of water into it. At
this temperature, the parcel :
becomes saturated. <

From LCL, proceed down the
saturation adiabat to the 850 hPay/
original level.

Dewpoint=0 Wet Bulb Temperature = 20
Repeat Animation Temperature = 10 © The COMET Program



http://www.meted.ucar.edu/mesoprim/skewt/sat_adiabat.htm

Parameters: Temperatures

The wet-bulb potential
temperature (theta-w) is the
wet-bulb temperature a sample
of air would have if it were
brought along a saturation
adiabat to a pressure of 1000
hPa.

From LCL, proceed down the
saturation adiabat to 1000hPa.

1000, ¢
0, =T (——)"
W W p
Skew-T Procedure to Determine Wet-bulb Potential Temperature
\ W A
400 Y N
\.
) ¥

500 L e,

600 ——

700 Fats X

5°C
¢ |
800 2 -
900 - —
| Repeat Animation X > .

1000 ot . Theta-w = 10°C ¥ ‘s

hPa !

=20 -10 0 10 20 30°C
1.0 2.0 3.0 5.0 10.0 20.0 glkg
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Levels

The freezing level is the lowest level in a sounding at which a
temperature of 0° Cis reported.

Bahrain 1200 UTC 3 Feb 2006

I EAVA WU v A\ a9 (DAY 4
AV AW /\ i
/ / AN //// x ~ g L
500 \ \ / //(\ . xﬁs} P W .
e /\ ” |
600 \y S -
7
v
N / %
800 ./ N ,/ X /, .
900 7 ,/:\(\ 7 7 // 7
1000 LL Ng 2 £ , :
H N N o o Lon N N L PP, Al
110002 AT ArSe AT Az N7 AUV A F P VAN,
hPa 40 -30 -20 -10 0 10 20 30

JAAWIN

Significance:

* precipitation type

* A low FRZ level indicates hailstones will have more time to grow in
the updraft and will have less time to melt as it falls to the surface.



Levels

The wet-bulb zero level is the lowest level in a sounding at which
the wet-bulb temperature is 0° C.

Skew-T Procedure to Determine Wet-bulb Temperature

850 hPa

Dewpoint=10 Wet Bulb Temperature = 20

Repeat Animation Temperature = 10 © The COMET Program
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