Dynamic meteorology without tears

Part I: Common misinterpretations in
dynamic meteorology

21/05/2016 1st Moscow Lecture May 2016 1
Anders Persson, Uppsala University



IIbep Kuab ge Ken (Ppp. Pierre-Gilles
de Gennes; 24 oxts6ps 1932, ITapmwx —
18 mas 2007, Opce) — dpaHIy3CKuid
¢u3uk, naypeatr HobeneBCckol mpeMuu
o usuke B 1991rony «3a oOHapyxeHue
TOTO, YTO METOJIbI, PA3BUTHIC I
M3YYCHUS SBJICHUIN YIIOPSAOYEHHOCTH B
IPOCTBIX CUCTEMAX, MOTYT OBITh
0000IIIeHBI HA KUJKUE KPUCTAJIBI U
nonuMepel». Jle JKen u3BecTeH npexiae
BCETO TEM, YTO OTKPBLI CTPYKTYPY,

Laurence Plévert

Pierre-Gilles
de GENNES

A Life in Science

e

% World Scientific

MTOJIOKUBIITYI0 Hadaa0 nponu3BoaAcTBY JKK-aucmineeB. 3a MHOKECTBO
(byHAAMEHTAJIBHBIX OTKPHITHH MHOTME HAy4YHbIC KPYTH Ha3bIBAIOT JI€

Kena «HpIOTOHOM HaIlIEro BPEMEHM.

21/05/2016 1st Moscow Lecture May 2016
Anders Persson, Uppsala University



IIbep Kuan ge Ken (dp. Pierre-Gilles
de Gennes; 24 oxts6ps 1932, ITapmwx —

» Lau»reflce Plé;ért
Pierre-Gilles

“The easiest thing in | _de GENNES

physics is the
mathematics, the

difficult bit is what It

,, ntific
mecans [JIEEB. 32 MHOXKECTBO

(yHIaMEHTAJIbHBIX OTKPBITUI MHOTHE HAay4YHbIE KPYTH HA3bIBAIOT JI€
Kena «HpIOTOHOM HaIlIEro BPEMEHM.

21/05/2016 1st Moscow Lecture May 2016 3
Anders Persson, Uppsala University



Some common misinterpretations:

1. The Foucault pendulum

2. The Coriolis effect (The Trade winds)

3. Acceleration in a constant pressure field

4. Ageostrophic winds without friction

5. Kinetic and potential energy conversion

6. Streamlines versus trajectories

/. Alr passing over a mountain conserving PV

The mathematics is mostly correct, but the physical

Interpretation is often incomplete, misleading or erroneous
21/05/2016 4



1 The Foucault Pendulum (1851)

Because of the Earth’s rotation
i# the plane of swing of the
i pendulum turns during the day.

;- It makes one full revolution in
| 24h (23h 56 m)/sin (latitude)

This means: 24h at the Poles, 30h
In Paris, 48h in Casablanca and

"i

| OOh at the equator (no turning)
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... but the common
explanation, with a
pendulum over a
rotating turntable,
Implies the same
turning period
everywhere — 24h
(23h56m) - which is :
only valid at the Poles .. thnurEBE Foucavir
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2. The Coriolis Effect

300 400 m/s —

460 m/s —

OO
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60 m/s

0 m/s

A popular, but

Very erroneous
explanation of the
Coriolis effect on a
rotating planet,
assuming the winds
conserve their
absolute velocity —
which they do not!



Another popular, but erroneous explanation of the Coriolis effect

'\)D/v g -7

Seen from outside the carousel Seen from inside the carousel

But the Coriolis force Is not alone,
there Is also the centrifugal force

21/05/2016



But if the two erroneous assumptions are mathematically combined, as
IS done In many textbooks, one gets the correct result

3(° 400 m/s — 0 m/s

460 m/s — X > —

0° il —
60 m/s + -7

A

The derivation combines the previous erroneous assumptions:
that the absolute velocity Is conserved (left) and that on a
rotating carousel only the Coriolis force is active (right)
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This very easily acc = sideways acceleration (Coriolis effect)
understood, but

erroneous, derivation .
of the Coriolis force 2>~ Q'A.t'vr Al
appears in two AS = acc-(At)?/2
different versions ‘

acc = 2Q-V,
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One of them 1s found In at least two Russian
textbooks In dynamic meteorology

!'\"munc-rcpune BHCINETD  cPEiHers CREUWENLIOrD 0Bpa3csands PCCIICP o

NEHHHTPAICKHE [HPOMETEOPOMOTHIECKHA HHCTHTYT

H. . MEJIbLHUKOBA, B. M. PAZIMKEBWY

JUHAMHUYECKAS METEOPOJIOIMS

(yueGroe mocofue Afis OKeaHO/I0T0B)

 llod pedaxyued npopeccopa H. J. Jdixrnana

EYQQSB;

Nauunrpugouni
uapoysrooocoraecesnit ua-1
B¥BSMOTEH

| S0 19579 Magecoxraseul np., 98

JAEHUHIPAT
1974

Ommfm.fougaa cuaa Spaugeuum Semau ( cuna Kopuo,mca)

OTRJIOHSIOILAA CHIIA Bpamenuﬂ Seman HpeleTaBJISIET leHOJ]HP[--_ :
TeNbHYIO MHEPIHOHHYIO CHIY, AefCTBYJOLYIO Ha YacTHUKY BO3AYyXd, .
JlBﬂmymyloca OTHOCHTE/IBHO. MOBEPXHOCTH 3eman. Cuna Kopuwoanca
' (Ha3BaHna Mo HMeHH (ppaHUY3CKOTO Me-
XaHHKa I"yc*raBa [Nacnapa Kopuoanca,
BIEpBbIE PACCYUTABLICTO 3TY " CHAY)
BO3HHKAET 34 CUET BpailleHusi 3eMJH.
Ecap 61 3ewmas He .Bpallanack, T0
nyTh YaCTHILBl BO3ZAYXa OT HoJioca 19
skpaTopa Owt Ot NA (puc. 3), B pe-
3yJabTare ppalieHus~ 3eMJaM yacTHia
rnonanaer B Touky Ay, NA,=c-di
(rme ¢ — cKOpOCTb uacTHUBI), 34 Bpe-
ma dt Bemas nosepHnyacb Ha yro.n.'

Ao . fu = (lldt
o Ilna manwix dt Mato 8a u MOKHO
Puc. 3.. Tpaexropust 8M- |, cygraTh . -
JKEeHHA YaCTHUBL OT mo- . .
~J0ca K SKBaTopH B AAI—NAI .(505 cw (d;f)2 : o

C npyrof& CTOpOHbI Aast paBHomepHo ycxopeﬂuom IBHKEHHS
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AA e ~——a (dt)3
rae a——ycxopeﬁae 3a cuer Bpamemm SeM.rm HAH ym{opeﬂue Ko-
pHoOJHCA.
Us CpaBHeHHH Bpra}K'eHI{H mas AA, nonyqaeM B L
_ o . a=2w-c; (224)
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3. Acceleration of the wind In a
constant pressure field

Low pressure
-%L—W:O P
t

\V
dy P

—+ fu=- _
dt ,0 . ay é High pressure

The common textbook (erroneous) interpretation gives an image of
a smooth “well behaved” approach to geostrophic balance
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3. Acceleration of the wind In a
constant pressure field

du Low prel e

——fv=0 —3 P
dt y

dv oP s »

—+ fu=-
dt ,0 . ay é é}Jh pressure

The common textbook (erroneous) interpretation gives an image of
a smooth “well behaved” approach to geostrophic balance

P+dP
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The real image looks more like a case of “road rage”
when the super geostrophic winds turn to the right

Super
Low pressure geostrophic

o Yoo

High pressure

This 1s no “playing with mathematics” but the basis
for an understanding of different types of jet streams
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4. Typical relations between isobars
and winds In the friction layer
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Typical relations between isobars and
winds above frictional layer

As In the friction
layer but not
because of friction
Under frictionless
conditions inertia
can deflect the
wind In the

opposite direction
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Ageostrophic winds In a jetstream

lower
pressure
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5. The typical energy conversions

potentral to.
Kinetic——
energy

kinetic to
potential
energy
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The energy budget should not

P — K |—|F

21/05/2016

19



6. Stream lines and trajectories

In a progressive flow trajectories have
larger amplitudes and wave lengths
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A common error Is to relate the curvature in the
gradient wind balance to the streamlines and not
to the trajectories

1000 mb L

Pressure-Grad ent Force £ wind
1004 mb A
~ ==V Real Wind
1008 mb. “riERHEares Coriolis Force

H

Even C.G. Rossby committed this error (in 1939)

21/05/2016 1st Moscow Lecture May 2016 21
Anders Persson, Uppsala University



A similar error iIs done with vorticity. It does not
depend on the curvature of the streamlines

Negative Positive
vorticity??? vorticity???

ON | N A
| &

21/05/2016 22




Curved flow

LA

Curved
flow

Straight
flow
Curved _
flow Straight
flow
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/. Alr passing a mountain

conserving potential vorticitypy - o+ 1
£=0 ¥

North =

higher f

Idea: When passing the
mountain the column
will shrink. Decrease In
H implies decrease in §
and therefore
anticyclonic flow
turning the column
southwards which
decreases f

South =
lower f
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The air column shrinks and conserving PV

becomes more anticyclonic and turns south
£=0

North =
higher f

0

EJ:

South =
lower f
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James R. Holton, Atmospheric Sciences Department,
University of Washington, Seattle, Washington
Stationary Planetary Waves, Bull. Amer. Meteor. Soc., 74, 1735-1742.1993

”...Although this conceptual model seems to work well
for westerly flow over topography, an attempt to apply it
to easterly flow quickly leads to an absurdity.

...According to this reasoning, no air stream will ever be
able to pass a mountain range from the east!

Since the standard conceptual model does not work for
easterly flow It Is reasonable to ask whether it is
appropriate for westerly flow....”
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...According to this reasoning, no air stream
will ever be able to pass a mountain range
from the east! ” (Holton, 1993)

North =
higher f

£<0

E+ 1
H

PV =

0

S

South =
lower f

21/05/2016 1st Moscow Lecture May 2016

Anders Persson, Uppsala University

27



“Since the standard conceptual model does not work for
easterly flow It is reasonable to ask whether it is
appropriate for westerly flow....” (Holton, 1993)

Shallow Water Equatic

\Ih%mﬂa%to be auniversal:

(il

ow Weé teac

L Mmet_W

FIGURE 4.11  Schematic view of westerly flow o topographic barrie ()lh depth of a

column as a function of x d“’)”"t”"’ cel in the (x, y) plan FIGURE 412 As in Figure 4.1, but for easterly flow.

But in Holton’s own books the erroneous explanation
remains (above from the 2005 Holton-Hakim 5t edition)
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