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Reading Assignment

 The Use of the Skew-T, Log P Diagram in Analysis and
Forecasting (TR79-006)

- U. of Washington: SKEW-T, LOG-P DIAGRAM ANALYSIS
PROCEDURES



http://wx.erau.edu/reference/text/Tr79-006.pdf
http://www.atmos.washington.edu/~houze/301/Miscellaneous/Skew-T.pdf

Upper Air Observation

Radiosonde

* An instrument package
lifted by a balloon with
sensors for pressure,
temperature, humidity.
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Upper Air Observation

Pibals (Pilot Balloons)

 Carry no instrument.

« Are usually tracked with
theodolite.

» The balloon is assumed to rise
at a constant rate once the
correct amount of gas is placed
in the balloon.

* By knowing the time of flight
and the elevation and azimuth
angle to the balloon, the
position of the balloon, thus the
wind speed and direction at
various heights can be obtained.

(http://www.photolib.noaa.gov/)
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Upper Air Observation

Radiosonde being carried aloft
(circa 1997)

(http://www.ua.nws.noaa.gov/photo.htm)

Rawinsonde

A radiosonde that is tracked to
provide wind information.

 Tracked by either a radar, a
radiotheodolite, or by GPS.

NWS
Automated

=+ Radiotheodolite
&%= (circa 1955)
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Observing networks for meteorological data

Observations at synoptic scale: each hour, at the main synoptic hours (00, 06, 12, 18 UTC),
except rain (9, 21 LT)

Compose the WWW (World Weather Watch) b s
ots T ECMWF Data Coverage (All obs DA) - SYNOP/SHIP
e 15/JAN/2009; 00 UTC
§ e mme—" ___Total number of obs
ECMWF Data Coverage (All obs DA) - BUOY

15/JAN/2009; 00 UTC
Total number of obs = 8354

Hi e
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@ Hucwwis B wukaewm 0  veme o B rucsiw @ oW st
- == = = - . = = = - LTy ® vwwrw @ wamyvs 8 PUGNETT 8 NSGWEST 8 inSeole
Obs Type ECMWF Data Coverage (All obs DA) - AMV
P HUARIP 0 ARG B om A0S

15/JAN/2009; 00 UTC
ECMWF Data Coverage (All obs DA) - AIRCRAFT
15/JAN/2009; 00 UTC
Total number of obs = 60902




Observing networks for meteorological data

PILOT: balloons
which measure
wind

Obs Type

578 LAHD 6 SHIP . 0 DROPSQN DE

ECMWF Data Coverage (All obs) - TEMP
12/JAN/2006; 00 UTC
Total number of obs = 584

Obs Type
ECMWF Data Coverage (All obs) - PILOT/PROFILER

12/JAN/2006; 00 UTC
Total number of obs = 859
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TEMP: radiosoundings with balloons
(00, 12 UTC and sometimes 06, 18
UTC): measure T, RH, p, u, v, w




Upper Air Observation

Dropwindsonde
 Dropped from an aircraft or from a
constant pressure balloon.

 Used for collecting data inside
tropical cyclones.

Parachute Dimensions
Height 10"

Width: 12" sides;

16" diagonally

s

#
N\

(The Weather Channel;

UR R I CANE youtu becom) GPS satellites used to.calculat

H u NTEm wind speed and direction

‘g’. - . Humidity sensors

Pressure sensor

”;‘

and temperature sensor
Sonde Dimensions
Length: 16"
Diameter. 275"
Weather Weight: 086 Ibs.
Channel
s r " ' (http://typhoon.as.ntu.edu.tw/DOTSTARY/)
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Upper Air Observation

Sounding data can be
plotted on thermodynamic
diagrams

» Stuve diagram

« Emagram
 Tephigram

 Skew T-log P diagram

L TF F/@/ﬁ{» S ASR ST AR

SKEW-T/ LOG-P VALID 1200 UTC 04/29/08 KTOP Lat = 39.07 Lon = -95.63

http://www.meted.ucar.edu/




Skew T - Log P Diagram

Full diagram

* Pressure (Isobars)
« Temperature (Isotherms)
 Dry Adiabats

 Moist (or Saturated) 9.8 X KRR ININER )

Adiabats | I
- Mixing Ratio | T
« Wind Staff

http://www.srh.noaa.gov/jetstream/
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Skew T - Log P Diagram

Pressure (Isobars; mb)

» Pressure lines are drawn in
the horizontal.

« Distance between the lines
increases from the bottom to
the top of the chart (1050
mb) to the top (100 mb).

* This is due to the decrease
in atmospheric density with
increasing elevation.

« Atmospheric pressure
decreases logarithmically
with increasing elevation. =

A\Y n
Log P http://www.srh.noaa.gov/jetstream/
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Skew T - Log P Diagram

Temperature (Isotherms; °C)

- Temperature lines are drawn
at a 45° angle with
temperature values that
increase from the upper left
to the lower right corner. =
“Skew T”

http://www.srh.noaa.gov/jetstream/
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Skew T - Log P Diagram

Dry Adiabats

« Slightly curved, these lines
increase in value (°C) from
lower left to upper right.

 Dry adiabats represent the
rate at which unsaturated air
cools as it rises.

 As unsaturated air rises, it
expands and cools with the
temperature decreasing (or
lapses) at a rate of 9.8°C per
1000 m (or 1 km).

* This rate is called the "dry
adiabatic lapse rate" and
these lines on the Skew-T
represent that value.

» These are also line of
constant potential
temperature (0).

http://www.srh.noaa.gov/jetstream/

13



Skew T - Log P Diagram

Moist (or Saturated) Adiabats

» These curved lines increase
in value (°C) from left to right.

 Moist adiabats represent the
rate at which saturated air
cools (lapses) as it rises.

« When the air is at RH=100%,
further cooling causes water
vapor to condense.

- In this condensation process,
heat is released. This heat \
affects the rate of cooling
and these lines represent

that rate. http://www.srh.noaa.gov/jetstream/
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Skew T - Log P Diagram

Moist (or Saturated) Adiabats

« Near the surface, as saturated
air rises, it expands and begins
to cool at a rate of about
4°C/km.

« As it continues to rise, the
cooling rate decreases due to a

decreasing amount of water
vapor.

* On the Skew T the dry and wet
adiabats become nearly parallel
in the upper troposphere where
the rate of cooling approaches

that of dry adiabats, ~9.8°C/km.

» These are also called
pseudoadiabats and are lines of
constant equivalent potential
temperature (6,)
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http://www.srh.noaa.gov/jetstream/
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Skew T - Log P Diagram

Mixing Ratio (g/kg)

* Mixing ratio is the mass of
water vapor compared with
the mass of dry air.

« On a plotted radiosonde
sounding, the mixing ratio at
any given level is the amount
of water vapor in the air
where the dew point
temperature line crosses the
mixing ratio line.

» The saturation mixing ratio is
the maximum amount of
water vapor that can be in the
air at any given level and is
found where the temperature
line crosses the mixing ratio http://www.srh.noaa.gov/jetstream/
line.
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Skew T - Log P Diagram

Wind Staff
- These staffs are for plotting -
the wind speed and direction 1| E
as observed by the RN

200 ——
radiosonde. R o -
§-
Wind Barb Description b IR
in the northern hemisphere Ry I (M
300 — b 100 kt P i
full barb [ [ | £+
10 knots  half barb A -
,{_-j" S knots W
é_/ From the west “a —
\ \ at ~15 knots (~17 mph) N 65 kt
500
ol
Fla 55 kt
SO?:nots From the south 00 N
’ at ~50 knots (~58 mph)
700 Y
1 knot = 800 LN http: )
ttp://www.srh.noaa.gov/jetstream/
1.15 mph 500 36 kt W
From the southeast 1000 g’i
at ~75 knots (~86 mph) hPa &

EThe COMET Program
https://www.meted.ucar.edu/ 17




Skew T - Log P Diagram

Can you name the lines?

©The COMET Program
https://www.meted.ucar.edu/
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Skew T - Log P Diagram

<«—— Tropopause = °

.\ Temperature -

7

NN S Inversions

. heman

http://www.srh.noaa.gov/jetstream/
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* From the words T-phi-gram,

indicating that isotherms and
isentropics are plotted

Diagram which reports the main
characteristic thermodynamic
variables:

- Isobars (which are almost horizontal and
have a slight curve)

Isotherms (straights at 45° to the right)
Dry adiabats (straights at 45° to the left)
Moist adiabats

Saturation mixing ratio (or specific
humidity)

Used by Met Office

* Property: areas contained by the
curves have equal energies for equal
areas

Quite good for considerations about CAPE
and convection
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Example of tephigram
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Temperature Inversion

Increase in temperature with

height:
dT
—>0
dz 200
Types of inversion
 Radiation ’g 300
* Frontal oy
« Subsidence § 400
- Turbulent £ >0

600

700
800

900
1000

Temperature °C) —

(courtesy F. Remer)
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Temperature Inversion

Radiation inversion

« Caused by surface cooling
during calm, cool, stable

5T
e e . K /\ )&//v //g/ 2f\/< v \)\ XX/ /\////6/% <
conditions R A S X e ST Q‘*

- Surface based. e Ww ii ?/a/‘(// A ST o

AN X 570057
ST\ Y Tl Vil o A

SR A oK Vi
 Often 7 = 7, at surface. 55 e e ey 2
. . ] ,/'X\ > < )& \>\ D /&‘\\‘ )"\'(:}\(\/\ \X\.A < J\)\/‘\ ,\% Z m\x/ VA \ , 4 ”"j\ N
- 7, is almost parallel to mixing [..< X%(v APKIGEN
G2 S .4 4 S

ratio in inversion. R AT X R PN o i,
at 0 ersion ;jsso e e /’4-‘/\;‘\/{;’// \(\z\/ ‘S& H( ZQZ

» Tand T, cool above the e eee ;;?/ %%f/v& =

z7_4_/\
. . 23 ,\X\\\f\)(:;(\/[ v >
Inversion. %%%\ %/v}(/ ></>(/ // =X ///(/5/3(//%%&/”
ST U‘o’ : ‘Ax L7 /ﬁ O//‘p /
s <0 Rg I < & s > & © 7o Iz
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Temperature Inversion

Radiation inversion

The near-surface layer cools as
energy escapes the atmosphere,
creating a shallow inversion at
the surface.

https://www.meted.ucar.edu/

The near-surface layer cools as
energy escapes the atmosphere,
creating a shallow inversion at
the surface.

@The COMET Program

The near-surface layer cools as
energy escapes the atmosphere,
creating a shallow inversion at
the surface.

@The COMET Program
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Temperature Inversion

Subsidence inversion

« Caused by settling currents
beneath high pressure cell,
especially subtropical ridge.

- Tincreases in inversion. > N e T e |
. : ‘></‘2’<//f ;/}fe%%_/ \X)\ /X /// > /6}-/%‘(/&///

- 7, rapidly decreases in ¢ LN el

: - Y\"W e “XM /%f‘*’/”‘;.v s

inversion. e e N AR
» T cools nearly dry SIS M N e o
- S ,&/ */ VWAV, \% I AN AAKL AP i‘;i‘

e VX B AN
adiabatically above - gﬁﬁ SN =2

- . N \}' AL AN ; )\f\ﬁ\ N T A /f)« ai
inversion. gé.go\ /vg\ \Q:; ;:/ :x&//;yx/ = ggffsg e

> K e \}gk S “f//‘l/‘ ; k

Z:gﬂgffﬁ/? %///%/‘ S )/(\/ X ‘(30 B

7 S T S
>§<A —EaT o
e.o -?.& s - =

27



Temperature Inversmn

P
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\/\( \( e y Nz \ -‘ /\., \ ey =¥ 2 s F = s
b& )i./\— - R N S, e, —" A = i1'< =z = = [/
e \%(\\X S 45% SEEEE =
N =X 7\4» VA : - f iE=E=ia =

Skew-T /log p diagram for use with A First Course in Atmospheric Thermodynamics  ©2008 by G.W. Petty

www.sundogpublishing.com

Subsidence
inversion:

Suppose air from
200 — 300hPa layer
is subsidin
adiabatically.

« 300-200hPa: Lapse
rate < 0

* 500 hPa: Close to
isothermal

 Below 500hPa:
Stronger and
stronger inversions

« 1000-900hPa:
almost 10°C
warmer above

28




Temperature Inversion

Frontal inversion

» Transition zone between two

air masses rotated into - —
horizontal plane KX KIHSHEX
' N\/ F:\ XN AAWVA VAV
» Tshallow isothermal or stable | =~ < < <~
in inversion. IR R RIS
+ T, increases within inversion. |~ 5
’73850 3 M/W
Vertical Cross Section of Frontal Zone with Temperature and Dewpoint Profiles a 906"\ S \X}’ %\(ﬁx’ X 2N AL
gY/gsé v;;{ 2 .
- ?(OOé!w/x - Vil 5 A > Y
e (e 3

https://www.meted.ucar.edu/

©The COMET Program



Cloud

Cloud in thermodynamic diagram
» Usually occurs when 7- 7; < 5°C.

(courtesy F. Remer)

SKEW-T/LOG-P YALID 1200 UTC 11721501 KAPX Lat = 44,90 , Len = -84.72 3



Cloud

Clouds in thermodynamic diagram
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http://www.tpub.com/
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Freezing Level (FL)

Height at which 0°C occurs in the atmosphere.

;

FPEFFE

L _r"
]
K
4
B

#

K

SKEW-T/LOG-P YALID 1200 UTC 11/21/01  KMFR Lat = 42,38 , Lon = -122,87
(courtesy F. Remer)
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Freezing Level (FL)

Height at which 0°C occurs in the atmosphere.

Bahrain 1200 UTC 3 Feb 2006

ool X NS K RN OGN
7 YAVAY VA

7 VA

: A AT S b T
Moo 2~ Ot A3 B8 A2 2N/ AU A $7u VAN,
hPa  -40 -30 -20 10 0 10 20 30

https://www.meted.ucar.edu/
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Freezing Level (FL)

Multiple Freezing Levels

]

{oa—- 8 - ' e oA A A h
- - L L T A -
SKEW-T/LOG-P YALTD 1200 UTC 11521501 KGS0 Lat = 36,10 , Lon = -79.95

(courtesy F. Remer)




Freezing Level (FL)

FL is important in forecasting precipitation type.

(courtesy F. Remer)

35



Freezing Level (FL)

FL is important in forecasting precipitation type.

¢ / A ~ N
\UD \/ . Z\~ /))1‘ i“},\?‘kh‘\\ /4|x i %E
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- o i LR | [N 1/ T .
ol B . 1 [ -

i

LU=+ i . . ... .

~ = - ~ . - .

é \.\k-‘ / *-\_\ﬂ ‘_\\‘ v’\\: \ﬂ?:‘ \!llf)({-llll \x .!I: /f( H“‘i I/ *\x / ?
~ v R L Y AR vy

SKEN-T/LOG-P YALTD 1200 UTC 1213700 KSGF

Lat = 37.23 , Lon = -93.35

(courtesy F. Remer)
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Freezing Level (FL)

FL is important in forecasting precipitation type.

N
i .--H\H

SEEH-T/LOG-F YALID 1200 UTC 12513700 KELZK Lat = 34,83 , Lon = -92,27
(courtesy F. Remer)
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Freezing Level (FL)

FL is important in forecasting precipitation type.

SKEW-T/LOG-P YALID 1200 UTC 12513700 KJAN Lat = 32,32 , Lon = -90,08

(courtesy F. Remer)




Tropopause

Troposphere

» Temperature decreases with height.
Stratosphere

» Temperature increases with height.
Tropopause

 Top of troposphere where the lapse rate decreases to 2°C/km or less.

/M

oatet N, Mesosphere \

Stratopause

Stratosphere

‘ Ozone Layer

__y-)-

SEOIRIARSE :" zn\z:.:.mu.;z.E :.'-.:.;xm.*.é.'_‘.'jiﬁ km —
' ~ Troposphere ,
' http://scied.ucar.edu/
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Tropopause

Altitude (km)

30
Tropopause Height
- Lower at Poles &
- Higher at Equator 24
Tropopause Temperature 2]
° Warmer at POIeS s g ' __—Tropical tropopause
- Colder at Equator 3 |
© 45 Middle latitude
E _ tropopause
= 12
207 \—— Polar tropopause
<«— [ropopause 9 i
15-
-57°C k——Tropopause .
109:50°C «—T 3
N\ rOpOpaL{e Tropical
= Midlatitudes 70 -60 -50 40 30 20 10 0 10 20
20 \ o o Temperature ('C)
1
0 ¢ > C 30°¢ Copyright © 2010 Pearson Education, Inc.

Temperature

(courtesy F. Remer) 40



Tropopause

Where is tropopause (T/P)?

{

PSS S A A

©The COMET Program

https://www.meted.ucar.edu/
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Tropopause

Where is tropopause (T/P)?

. \ \

,"’Y v.
/

6/ e
V

Mo wing =100 1] =)
e
v
\ >
\\ ' w
\\. é{:

©The COMET Program

https://www.meted.ucar.edu/
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Tropopause

Korea Meteorological Administration

Skew T - Log P DIAGRAM
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Moist & Thermodynamic Variables

Mixing Ratio (w)

200 — : ‘
w@ 70%2.5 t‘g/ R

~ 300 .
E
(ab]
;5) 400 /\/ N
%) Q
® 500 )
600 /// :
700 " \\?ik ~ >
800 : ' '
900 2 — )
1000 ol

Temperature (°C) .,
(courtesy F. Remer) 44




Moist & Thermodynamic Variables

Saturation Mixing Ratio (w,)

S & » P

200
ws @ 7Wt‘€/ N

300

400

500

Pressure (mb)

600

700
800

900
1000

—

Temperature (°C) -,
(courtesy F. Remer) 45




Moist & Thermodynamic Variables

Relative Humidity (RH)

o
RH @ 700 mb = w/w, N
RH = 2.5/13 100 190/
g Q
o Q
7
S
B ~< \<% N\
/ Q
700 / Ly
| F. K, %N
. f’/
Temperature (°C) .

(courtesy F. Remer) 46



Moist & Thermodynamic Variables

Saturation Vapor Pressure (e,)

Skew-T Procedure to Determine Saturation Vapor Pressure

X
\ A : ”
400— N — NN R 7 * Step 1: move from 7
\ / along an isotherm until
LA B, L \ . SOV Y p=622hPa
+ Step 2: interpolate the
500 \¢ b ¢ value of mixing ratio (or
i ? specific humidity)
; » $ \ 3 N \ The value of 622 hPa is not
600}~ 622 hPa" v magic. Simply it is chosen
y because:
. . At - e
: : q=0.622 —
700 VARN PFAN 2 p
: . At p=622 hPa:
TR R R = 0622 —— = —
sl N g N N A 4= 1542522 T 1000
Thus:
-~ - -~ '-. -~ _ eS
900| Ta = -9°C ; %= 1000
and, having moved on an
w7 2 7 a 7 - )
1000| . X D, ¥ isotherm:
hPa €s,622.T = €spT
-20 -10 0 10 20 30°C
1.0 2.0 3.0 5.0 10.0 20.0 glkg
©The COMET Program

https://www.meted.ucar.edu/
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Moist & Thermodynamic Variables

Vapor Pressure (e)

Skew-T Procedure to Determine Vapor Pressure

400 Same as before but starting

from 7}

 Step 1: move from 7},
along an isotherm until

/ p=622 hPa

* Step 2: interpolate the
value of mixing ratio (or
specific humidity)

500

600

700

800 ~
A
900
1000/
hPa /
-20 30¢C
1.0 2.0 3.0 5.0 10.0 20.0 glkg
©The COMET Program

https://www.meted.ucar.edu/
48




Moist & Thermodynamic Variables

Potential Temperature (0)

,@@@?-9:9

0 @ 700 mb,~44°C = 31/7( , /’/ © = T(@) o
/ /{/ / ’ Start from Tpat the
/ / / / desired level, then
3 / % (NS iabatiolne up o
% ya / A )\ // / / 1000 hPa
p - N\ \Q
2 /
: OSSN AN
a4 ONC L 08
4 /
700 v S AL
1000 l AAN WS

Temperature (°C) .,
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Moist & Thermodynamic Variables

Wet Bulb Temperature (T,,)

Start from T at the desired
Q level and follow the

N constant saturated mixing

ratio line (dashed).

Contemporary start from T

at the desired level and

f=) Q follow the DRY adiabatic
- line. When the two lines
E; cross, follow the MOIST
— Q adiabatic line up to the
> original level.
n
N / ,‘9
£ 500
- X\Q
A N
/ b‘Q
700

YA TN
Temperature (°C)
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Moist & Thermodynamic Variables

Wet Bulb Potential Temperature (0,,)

Rd/
1000\ ’°»
6, =T, —
P
Same as for T, , but at the
end continue following the
MOIST adiabatic line up to
3 the 1000 hPa level.
=
N
)
|
-
7))
)
® 500
o
| 700
1000

Temperature (°C)
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Moist & Thermodynamic Variables

Start from two of these three
at the desired level:

EqUivaIent Temperature (Te) - T, and follow the constant
saturated mixing ratio line
(dashed);
"oQ & q> - Tandfolowthe DRY

adiabatic line;

O
- T, and follow the MOIST
I‘p/b\— N adiabatic line.
N From the intersection point,
follow the MOIST .
When the two lines cross,
follow the MOIST adiabatic
line until it become not
Q distinguishable from the
DRY adiabatic line, then

follow the DRY adiabatic
N line up to the original level.

.
.
. * o
. .
.
. .
. .
. . -
. >
. -
) i -
.
/ :
3 /|
500 - U
* .
‘
. ‘Y Y
s .
. 5 % 3
5
. ° Q .
2 . *
* »
4
- .
4 .

Pressure (mb)

700

TS T T
Temperature (°C)
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Moist & Thermodynamic Variables

Equivalent Potential Temperature (6.)

L4

Same as for T, , but at the
end continue following the

Q DRY adiabatic line up to

the 1000 hPa level.

fo)
é Q
0 /
n Q
£ 500 y
Q
VAR
N ©
| 700 -| "
0‘.’{
R
1000 8%

(courtesy F. Remer)
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Moist & Thermodynamic Variables
T, &0,

[30 =]

300

IS0BARS mb

— T00

Figure 3. Determination of the Equivalent Temperature (Tg) and the Equivalent
Potential Temperature (B). (from AWS/TR-79/006, 1979)
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Auto-Convective Ascent

Convective Condensation Level (CCL)

 The height to which a parcel of air, if heated
sufficiently from below, will rise adiabatically
until it is just saturated.

- The height of the base of cumuliform clouds

which are produced by thermal convection r
from surface heating C
/7
( 1 )

-----------------

(courtesy F. Remer) 55



Auto-Convective Ascent

Convective Condensation Level (CCL)

Pressure (mb)

700
800

(courtesy F. Remer)

S & » B P

This level depends only on
' \Q surface T e.g. on the
. surface moisture content of
air mass (not on its surface
temperature T) and on
temperature profile T(z2)

Q Evaluated following the
isohume (constant
saturated mixing ratio) from

\Q T4 until it crosses T(2)

Temperature (°C) .,
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Auto-Convective Ascent

Convective Condensation Level (CCL)

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

EThe COMET Program

https://www.meted.ucar.edu/
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Auto-Convective Ascent

Convective Temperature (T,)

» The surface temperature that must be
reached to start the formation of convective
clouds by solar heating

)
1 Jl. ccL

[ ]
lllllllllllllllll

(courtesy F. Remer) 58



Auto-Convective Ascent

Convective Temperature (T,)

4
/\ / / Evaluated following the

/ / / DRY adiabatic line down

\Q from the CCL up to the

/ / /l / / / / ‘ surface

Pressure (mb)
N
N\
N \
X N
AN
\t

700____/_7_7_{_ < _--;%L ,
300 / /' /_OﬂSt | ;

Temperature (OC) .,
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Auto-Convective Ascent

Convective Temperature (T,)

Skew-T Procedure to Determine
Convective Temperature

& The COMET Program

https://www.meted.ucar.edu/
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Auto-Convective Ascent

Forecasting Convective Clouds

« Would the afternoon temperature (T) be
higher than T_?

NO!

- A A A
- Thermals may form, but will not rise Y
high enough to condense. F o s
T<T,

(courtesy F. Remer)
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Auto-Convective Ascent

Forecasting Convective Clouds 7
« Would the afternoon temperature (T) be (\
higher than T_? 7 s %
¢ 2l ccL

YES!

¥

- Thermals will rise high enough to E Y
condense. S N

(courtesy F. Remer)
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Forced Lifting

Forcing Mechanisms to Lift Air Parcel
 Mostly by synoptic scale features

(courtesy F. Remer)
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Forced Lifting

Lifting Condensation Level (LCL)

« The height at which a parcel of air becomes saturated when it is lifted dry
adiabatically.

« The LCL differs from the CCL as here the temperature of lifting air mass
decreases dry-adiabatically

LCL A
— 4 ‘ﬂ

(courtesy F. Remer)
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Forced Lifting

Lifting Condensation Level (LCL)

at the desired level:

/ // / // / '\Q - T, and follow the constant

. saturated mixing ratio line

/ J/ N / // / (dashed);

/\ / / Start from two of these three

- T and follow the DRY

adiabatic line;
/ / \/ / / Q - T, and follow the MOIST
4 adiabatic line.
/ Vi

The intersection pOint is the
/ /
N _ Q LCL.

Pressure (mb)
N
AN
%
N
N
N
0

| 800 VAVAN /A TN

—_—\ - s ——— ol s = T
900 PN N TS M'Xﬂ/l_ﬂg—; £ Py
—Ratio /17 "V pdiabat —
Temperature (°C) .,
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Forced Lifting

Level of Free Convection (LFC)

» The height at which a parcel of air lifted dry adiabatically until
saturated and pseudoadiabatically thereafter would first become
warmer (less dense) than the surrounding air
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Forced Lifting

Level of Free Convection (LFC)

600

Co

Le\p_efof Er/e&fg
L EV_@ZU_UD?_ N

O
/ . From the LCL, follow the
MOIST adiabatic line until it
Q crosses the T(z) line: this is
/ / o'\ the LFC.
— seupl‘oadiab/at-
z 2
- V. /
£ L O
S ) N
7))
d L AN
al

| 700 w
800 A/ LcK]
900 Dy L

o A Adiabat—|
Temperature (°C) .,
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Forced Lifting

Equilibrium Level (EL)

« The height where the temperature of a buoyantly rising parcel
again becomes equal to the temperature of the environment

« It is also called Level of Neutral Buoyancy (LNB)
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Forced Lifting

Equilibrium Level (EL)

200

~ 300

O

s

o

>

7))

70

o

o
600
700
800
900

(courtesy F. Remer)

From the LFC, follow the
MOIST adiabatic line until it
crosses again the T(z) line:
this is the EL.

>
"bQ
—evelof ﬁree;
BRI g
Wal&
vZD{‘ y#
174— -Jﬁ&maﬁa’( <

Temperature (OC)

—_—
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Forced Lifting

Positive & Negative Areas

Defined as the area in which
adiabatically lifted particles
(e.g. particles following
adiabatic lines) are
WARMER than local
particles (e.g. particles
following T(z) line). Here,
buoyancy is positive.

200

300

By the way, note that, below
LFC, area is negative, in this
example. This negative area
is called Convective
INhibition (CIN).

| ) N\
600 A S, A@émfé&

700
800
900

Pressure (mb)

(courtesy F. Remer) Temperature (°C) o 70



Forced Lifting

Maximum Parcel Level (MPL)

» The maximum height a thunderstorm will build in the
atmosphere using pure bouyancy theory. The MPL is higher than
the EL (Equilibrium Level) since updraft momentum carries the
updraft higher as the updraft decelerates.

« Above the EL, the parcel becomes colder than the environment
(negative buoyancy) and decelerates until the point at which it
stops at the MPL.
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Forced Lifting

Maximum Parcel Level (MPL)

Max Parcel
cfb From LFC to EL, a particle
¢ accelerates (the only
200 / negative acceleration being

the friction).
\. "\Q From EL to MPL, the particle
/ decelerates.
Neglecting friction, MPL is
the level for which positive

3 300 \/€ Q and negative areas equal.

% Negative

5 EQ N

7))

LA

o N\
600 : ‘ 3, 4/9&//e449f ﬁree;/ 2
200 : _ !A Co_nv ction o
800 £ .Cl
900 = » A

e
(courtesy F. Remer) Tem peratu re (OC) 72




Forced Lifting

Convective Available Potential Energy (CAPE)

» Buoyant energy.

» The area (above the LFC) between the environmental sounding
and the pseudoadiabat.

* The integration of the positive area on a Skew T-log P sounding.
 Unlikely Development of Strong Convection

« CAPE <1000 J kgt
» Strong or Severe Thunderstorms

- CAPE ~ 2000 J kg
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Forced Lifting

o,
AR
@ o J_/ i <
| N~
Q\ (7 Q\ /r?. /_
% ; avik- N
NV D, RS “
N Da- 1A N
@ s /X. Ty 1

Temperature (°C)

Convective Available Potential Energy (CAPE)

(qu) ainssaid —
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Forced Lifting

Convective Inhibition (CIN)

Energy required to make a parcel buoyant

The area (below the LFC) between the environmental sounding and the:
 Dry adiabat if unsaturated
« Pseudo adiabat if saturated

This is the region where a parcel of air if raised from the lower PBL would
sink back down again (i.e., stable layer).

Another term for CIN is a capping layer. The capping layer must be broken
before lower PBL based lifting is able to move into the CAPE region of a
sounding and develop into deep convection.

Early Development of Convection
¢ 10 m2s?

Squall Lines
¢ 50 m2s?

No Thunderstorms (‘Capped’)
« 150 m?2s?
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Forced Lifting

Convective Inhibition (CIN)

The negative area below the
LFC is called Convective
INhibition (CIN).

To remove the CIN,
temperature must be larger
than the temperature
obtaining by following the

_ / / 9 5y
e PO s oo
~ / / the LFC will coincide with
v NN O the LCL.
> / / 4
LK AN
< / R L%//ef of E'/e%f
5 C,_ [_I V_ggl_ll )_II N
| 700 /// ’// /4{/ a2 A a ;// ®
£ N\ NSNS | Loy
800 A ——2 —— A~ 1-ClI]
o00 [ ST TSR z

1000

Temperature (°C)

(courtesy F. Remer)
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Forced Lifting

Summary

[ |
!
|
{
~ 1=
h
S
ha
LY

Isobars {mb) ¥
—=1000 7 7

.Figure 1. Showing the DPositive (APE) and
‘Negative (CIN) areas (from NWS/OSF/OTBE, 1991) .
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Maximum Temperature

Assumes

* No significant temperature advection
« Strong winds not forecast
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Maximum Temperature

Clear or Scattered Sky

- Solar Radiation Mixes Boundary Layer
* Follow the DRY adiabatic line from 850 hPa (mean PBL level) to the surface

-100.77

SKEHN-T/LOG-F YALID 1200 UTC 081000  BIS Lat = 46,77 | Len

(courtesy F. Remer)
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Maximum Temperature

Broken or Overcast Sky

« Mixing is much weaker
 Follow the pseudo-adiabat (moist adiabatic line) from 850 hPa to the surface

x“‘\ Hf\"fﬁ)ﬂ'\/ﬁf}‘f}f?f\fﬁ{fﬁfﬁ?\/ﬁyﬁf}/f?/‘]f/(‘x Q

o
7=
'\l,}{"‘ —7 ,:E'I'\.
SKEH-TALOG-P YALID 1200 UTC 0g/s10s00  BIS Lat = 46,77 |, Len = -100,77

(courtesy F. Remer)
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Minimum Temperature

1st empirical method

Track the wet adiabat from T
at 850 hPa to the surface

2"d empirical method

Find the T, corresponding to
T . that will be the next T,

In both cases, the basic :
hypothesis is that air mass will o)
not change
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