Web page: http://geophysics.tau.ac.il/personal/nili/MAD/MAD-course.htm

References:

* Andrews, Holton, Leovy (1987) “Middle atmosphere dynamics”, Academic
Press.

* Holton, (1992, 2004) “An introduction to dynamic meteorology.” Elsevier,
Academic Press. Chapter on the middle atmosphere (12).

» Geoffrey Vallis (2006) “Atmospheric and Oceanic Fluid Dynamics.” Cambridge
press. Chapter 13 on planetary waves and the stratosphere. The chapter relies
on theory developed in earlier parts of the book (I, I1).



N190INUNKNN Nl1an

N190INLXI NIDWN
NN '97 NNTAIN
NIAN DYV N1VI9NLN

n1'o011

viesopause

na n"p 50-85 "2 n2dOwN -NDoIT
.N21AN DY NIV AIY NNIVIONLN
[ND D'9IW] D'UNINLVN

‘ - . n1o0I™

ratopause

n" 50 -3 Tv N2dWN -N19010VVO
.N212N DY 0772 NN1VIDNLN N2
XD D'O0 'IN ATN 11721 [17'0 '01UN

NAD'NA NMO0INVUKN

i%wsonsnu N2 N2OWN .1"p 12-3 TV -N1v0oI1sNv

ftmiiian ~ A'IRD ATA NIYOIN NNIP 72,00 DX
- (-agl'gq?;;“'ﬁgn)0ﬂ1l%194l;1060 N7V I"'7vN 71222 0OV D'voiN 'olun

.N2A1AN OY 1T N10ONLN




’,’ | T "

QOct 1980 QOct 1982 Qct 1983

== AR

*g&, K - *- ”""."

Qct 1989

Oct 1986 Qct 1987 Oct 1988

i+
il

Oct 1990 Qct 199

100 140 180 220 260 300 340 380 420 den S

1 : 2
998: 26 2006; 26

1979: 0 _.-|IIII|II||“| ‘l‘lul‘l“

Average (Sep. 7 - Oct. 13) ozone hole area (millicns of km')

1979 225
1998; 96
|||I||IIIII IIIII||IIII o

Average (Sep. 21 - Oct. 16) minimum ozone (Dobson Units)

1860 1980 2000

Note: Mo data were acguired during the 1995 season

15k 25

20

Altitude (miles)
o
Altitude (km)
o

10
5l
51
oL 0 .

Polar Ozone Depletion

L L L L T T T

Antarctic Ozone
South Pole (90°S)

October averages

— 1962 - 1971
— 1992 - 2001

—— 2 October 2001

—— 30 March 1996

L I I I I

T L L

Arctic Ozone
Sodankyla,
Finland (67°N) |

March average
— 1988 - 1997

| I 1
10 15 0 5
Ozone abundance (mPa)

10 15



Temperature (Kelvin)

90-50N Area Weighted Polar Camp Temperature at 10 hPa
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September 24, 2001

90-50N Area Weighted Polar Cap
Temperature for the 17-Feb-2002 event.
Shading shows the mean polar cap
temperature and the span of plus and
minus one standard deviation from this
mean obtained by taking the mean and
standard deviation of the set of area
weighted polar cap temperatures for each
of the years from 1958 to 2002. ERA40
data.

September 24, 2002



CHAMP temperature anomalies over the equator (4°S—4°N)
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Mesospheric gravity waves seen in airglow




Global radisonde coverage

—— % Soundings up to 100 mb 3
-===- 9 Soundingsuptol10mb 3

Middle atmosphere coverage:

Percent




—In (p/po)

NOAA/NESDIS EDGE GRID IMAGE DISFLAY 10 ).
Sgg MB TEMP -99, 9% LAT o
NOAA-14 OPER  SOUNDINGS -18@, 18@ LON s
B3/15/98 1809 - @3/16/98 G700 13 HOURS -
. g 2l in el el it o -8 [
o i Mo X &
7 4 50 g
L s . B
- 02
g :30 é
<
- 20
- 2 ~
- 10
1000 R P e e T R TR T ! 0-0
0 0.1 0.2
= Weighting function

Weighting functions for the six channels of the selective
diometer on Nimbus 4, (After Barnett, 1974)
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Satellite vertical resolution.
(Houghton, QIRMS 104, 1,1978)
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~ Cross sections [pressure (mbar)-latitude] of zonal mean geostrophic wind (ms~') and zonal
mean temperature (K) for the average over 5 years of the monthly means for January. The data are
from the combined SCR/PMR retrieval made at the University of Oxford for the period January 1973
to December 1974 and July 1875 to June 1978. (Supplied by J.J. Barnett and M. Corney).
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Daily incoming solar radiation at the top
of the atmosphere (W/m) .

Averaged over a full 24-hour period,
the amount of incoming radiation
varies with latitude and season. At
the poles, during solstice, the earth is
either exposed to sunlight over the
entire (24-hours) day or is completely
hidden from the Sun throughout the
entire day. This is why the poles get
no incoming radiation during their
respective winter or more than the
maximum radiation at the equator
during their respective summer.
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Fig. 4.19b. Vertical distribution of solar short wave heating rates by O,, O,,
NO,, H,0, CO,, and of terrestrial long wave cooling rates by CO,, O,, and
H,0. From London (1980).
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4.19b. Vertical distribution of solar short wave heating rates by O,, O,,
lyy Hy0, CO,, and of terrestrial long wave cooling rates by CO,, O,, and
H,0. From London (1980).



Table 1.1

The Relationship among Geometrie Height =%, Geopotential
Heipht 20 Log-Pressure Height o0 and Pressure p®

e Zikm] {km) plimb
() (.0n (.09 101325 + 3
11 4oy .30 26499+ 2
] 19.94 20027 A5203 41
3 20 K 3098 {1970+ 1
) 18 40,98 2ET13 0
S0 49 .61 449 94 P R |
fak 5044 5897 2I9EK —
70 O 24 69,02 52209 2
mi 79N Mip25 1.G524 - 2
i K574 92.46 I R3S — 3
140} UK 45 104,65 3.2011 4

“From {285 Stundard Armmeosphere (1976 Note that 1 mb -
100 Pa. The integers in the far-right column {preceded by plus
or minus signsi indicate the power of ten by which the par-
ticular entry should be multiplicd.



height (km)

Idealized temperature profile, and corresponding log-p coordinate

Temperature °K

pip, k), plp, (b), & ()

log pressure (-}, height (——)
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