: EAS270_Chll Winds_A.odp
Chapter 11 WlndS JDW, EAS U.Alberta, last mod. 18 Nov. 2016

We'll consider winds on several different scales

e synoptic scale

* meso- and (very briefly, micro-) scales

« planetary scale (Ch12, General Circulation)

Almost all atmospheric flows (regardless of their scale) are "driven" by a pressure gradient**

The cause of the driving pressure gradient most often lies in a temperature gradient

**For flows aloft, equivalently a gradient in the isobaric height

************************************************************************************ above thefrchonlayer

“In general,Mlow parallel to height contours on

upper-air maps, while surface winds tend to flow at an angle

across the isobars on surface weather maps"

Sir Isaac Newton
1642 - 1727 |
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CMC surface analysis 06Z Thursday 17 Nov. 2016
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CMC surface analysis 12Z Friday 18 Nov. 2016
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CMC surface analysis 12Z Friday 18 Nov. 2016
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CMC RDPS 0h prognosis valid 12Z Friday 18 Nov. 2016 ("Regional Deterministic Prediction System)
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Sec11.1 Horizontal forces and the horizontal wind 2/12

F =ma - — = 3

Horiz. acceleration of a parcel of air equals net horiz. force per unit mass

P here PG is
A negative
“Pressure Gradient” _ AP \
(along the x direction): PG = A X
loer U\r\'\}— M ass g
X
Pressure Gradient Forcel PGF = — 1 AP [ms™?]
(along the x direction): P Ax
Magnitude of the 1 AP

Pressure Gradient Force PGF| = p |AX

(along the x direction):
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Sec1l.1 Pressure gradient force 3/12

What is the approximate magnitude of the pressure gradient force (in MKS units), as
based on the arrow based at B? (All three arrows have the same length)

(We can use a similar Fig 11.2 \ \ \ H f

procedure to get the

height gradient on an

Isobaric chart)

L \ | T T T Z|
0 100 200 300 400 km
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Sec 11.1.2 Coriolis force — second most important horiz. force on the synoptic scale 4]12

* Fictitious force — arises only because we refer the
o
winds to axes fixed on earth, and earth is rotating ( cos 70 = O)
« makes freely-moving bodies appear to deflect from

straight line motion

 in the N. hemisphere o
. . Ball’

deflection is to the right of the / pgths ()
motion ®

* since Coriolis force is /
perpendicular to the velocity, n) % ANH
does no work

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Apparent path
as seen by

observer on
rotating platform

Platform A Platform B

W=7 = FliTleal =
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Sec11.1.2 Coriolis force — and the Coriolis time scale 5/12

 acts on all freely moving objects,

90 N
l a«}-,—!—m Ae irespective of their direction of motion
I/{ * magnitude varies with speed V and
latitude @ of the object

« magnitude of Coriolis Force (per unit
'4 mass, perpendicular to the wind)
I\ . CF =1,V [ms’

_ Fig 11.5
c) 90°S
27T « where “Coriolis parameter”
Earth's rotation rate Q2= . »
24 X 3600 fC =20 SlIl(I) [S ]
(2t radians is one full turn/circle)

CorTolif§ TImE ScALE

Compute the Coriolis parameter at 53.5°

latitude I/-Pc ~ |Oq.§ ~ 3 hr

CF‘ \é ummlow‘\'am‘\' ‘FO/ o
c,rcv\\o&‘od whose | fe hme 1S

-
f.= 1xw0 < chort wifle reshect 4 /7{
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6/12

For steady winds (no change in speed or direction '/\ AF \ _ _p \/
£l oax T

relative to axes fixed on earth) parallel to straightline

Isobars or height contours, PGF and CF balance. Mk iSshors are equ. si:a cod
| 8 r " - 3

o Hab F&F s aok clun g | 1" )

= Nelt 4 'S 0 \)"‘j l?&(m”el ) S"‘FOBSL\JF Iknes
2 and ot el PEF and CFTT T

are epual ad shhste v, = 1 |AF
y H PGF 7 pf, AX
h
> PGF /\”‘/‘fan{,'eqf where x runs perpendicular to
isobars and Vg runs // to them. Can
Y x PGF re-express this using the height
gradient,
F A\ AZ
. . v = 9
Wind k g fc |AX|
? At given latitude and elevation, Vg
CF N)A\. Cico 3?{‘5 i~ depends only on the PGF
c \

. \ ¥ )('\0"\
Fig 11.9 L Vowe M X
19 ‘SGI\_A C (3(\9/‘)(
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Ch11. Does the isobaric chart confirm the Geostrophlc law? ‘ES L I4s & 3003 +\4e° j7/12
! -35?25 ! B _

Han 1k
CMC 500 hPa analyS|s 127 Thurs 18 Oct. 2012 (and see earlier example for 17 Nov. 2016)
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Ch_ll Does the |sobar|c chart conflrm Geostrophlc law? (Estlmate speed at Edmonton) 8/12

] bl H ' L L% AT Ty, 'R 1 PR PT £

Y . ¢’

= Theoretical speed at Edmonton ~25 ms™
. (larger if based on AZ from adjacent
contours)

Red arrow 's Iength:
ruler: 49 mm
true: 11x111 km=1.221x10° m

Blue arrow's length:
ruler: 16 mm
true: 16/49x1.221x10°=3.99x10°m

12 dam height change AZ over
distance of blue arrow

gAZ_ 981 120 _,, R
f.AX 1.17x10°* 3.99x10° =4

- . '
- .
1 @ -y J" f ﬂ? _,._;_ _______ -

- —

CMC 500 hPa anaIyS|s 00Z Thurs 6 Nowv. 2014



Sec 11.2.2 Gradient wind—constant speed along curved isobars above the friction layer 9/12

* CF smaller in magnitude than PGF

therefore speed V < Vg

difference between PGF and CF is

the centripetal acceleration V;,/ R

"subgeostrophic" flow around a low

_ 1 Ve,
Vo=V~ T R

Fig 11.10b




Sec 11.2.2 Gradient wind—constant speed along curved isobars above the friction layer 10/12

» CF larger in magnitude than PGF

. therefore speed V > Vg
» difference between PGF and CF is
the centripetal acceleration V;r/ R

* supergeostrophic flow around high

_ 1 Vg
V=V, + f_c =
RN
0 \f\\ US\/M\'\V)

"For the same pressure gradient force, winds are faster around highs

(ridge axes) than they are around Tows (trough axes)" (p274) Fig 11.11
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Sec 11.2.2 Gradient winds around ridges & troughs of the waves aloft 11/12

moving away from ridge axis,
heights fall

moving away from trough axis,
heights rise

PACIFIC
OCEAN

~——_ 564 =
o<
T E
Y ©
~———*“"570 =3 ATLANTIC
OCEAN
—______576 ,,

Fig 11.12




Sec 11.2.2 Gradient winds — speed convergence and divergence in flow along waves aloft 12/12

Sur‘face_ \m\a)\q "S ‘l‘alole ‘I‘b Sur‘Face low 'S \;q\ole
'FQ(‘M Adowa wind of an —‘-o’f(-)ﬂV\ Adown wn d :(

v @) 7 Z
» /;2, {\Cr bcb
< s, § o ¢
B Wy a
Y / |
TA the u\ﬂ:er’ﬁo«d 'S

coor donated like Ha ..
with Surface bresace 1 leyr clees
Systems | He \\S*I'orm 'S ;( |

Said +u haye U\\D\?er S u)a‘]%r't '

N —
"For the same pressure ’

gradient force, winds are H

faster around highs o /’\

(ridge axes) than they :

are around lows (trough di \/erseni— Commrgcn\'

axes)" (p274) Cur€ace wind corfrce” il Fig 11.13
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Topics/concepts covered

 Iideal relationships between the orientation and speed of the winds aloft (in the
free atmosphere, i.e. above the ABL) and the height contours
« geostrophic wind: steady flow along straight contours
 gradient wind: accelerating flow parallel to curved contours
* how to evaluate the geostrophic wind given an isobaric chart

e convergence and divergence zones associated with waves in the flow aloft
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