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- nonlinear terms are the advection terms, #du/dx and vou /8y for example. In nonlinear
systems, different solutions cannot be superposed (added together) to form new

selufions. This makes solving the equations much more difficult than GRsar systenis.r
Hence, our approach in this book will be to simplify the equations in order to |
i.solve them,
Since much of the significant weather in middle latitudes is associated with cyclones
and, to a lesser extent, anticyclones, we will derive a simpler form of the equation
specifically for these systems. Typical values for the appropriate scales are shown in

i
i
-

Table 5.2. , -
e ) fﬁ{g Y TRV
Then, the process of scale analysis is conducted as follows: e ;
- V 1 ’ Dag s S ek
3 g 2 d 14 #u Fu & .
x-eqn G_Ltl+ u%: +v—a§ +w;{£ = -;-C%i +v (2}—5; + ag} +v é‘; +2Qvsin dl—20wcos ¢ “i 1
v | v d 1 dp, Py v 2y . ¥ el
- e v rus = - | = = 2 20usin g
y-eqm at * “ox +vc7_v i 3z p dy v ( x> vt i s e \Q‘ ) ﬂ,f,
U2 U? uw &p vU U ) e
scale — — — - e — FoU ~ W
L L H pL JE 2 :
magnitude| 104 1074 1073 10— 107’8 1678 10~ 1078
L I s P
Based on these magnitudes, we can see that the viscous terti Thakes 2 very small

contribution to the force balance experienced in a typical mid:latitude cyclone. So

we can ignore that term with very little impact on the precision of our results. In fact,
to a good degree of accuracy, we can also discard the Coriolis deflection caused by
the vertical motion in the system 2Quw cos &, and the vertical advection term wdu/dz.

Hence, we can rewrite the horizontal component of the Navier—§

tokes equations in

-

an approximate form:
s sty orsemesssmasicsiioon ’Af

{ du ou du 14 )
C— At u— v——:w—ﬂ—%zvﬂvsmgﬁ \
ot dx dy p dx A
. -\ (5.8
Ioov dv  dv 1 dpy 5 \ I
| ot —F+v—=~——>—-2Qusin¢ A .
| or dx dy p 0y it P e - /{l’ ;
P { R e
Table 5.2 Typical scales for a mid—iati}ude %eather system ) i ;g(; AN /
Scale Symbol Magnitude
Horizontal wind scale U 10ms™!
Vertical wind scale W 10 ms™!
Horizontal length scale L 10%m
Vertical length scale H 0% m
{depth of troposphere)
Time scale (L/U) T 10%s
Kinematic viscosity v 109 m?s™!
Dynamic pressure scale dp/p 10°m?s™2
Total pressure scale Plp 10°m?s™?
Gravity g 10ms™?
Density variation scale Sp/p 16—
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We can write this in a shorter vector form if we define the horizontal wind to be
U, =ui+vj and the horizontal material derivative to be

Then, we can write

Dyu
Dr
D,v _
Dr
=
or 5}’{; i i‘@g‘w;
4 wefor D, 1/8 3 = g
% Uy —_ {_f_i + __@}) —f:’é)( Z{h 4 ‘,’X (59)
\ Dt p\dx  dy Few/ AL

Turning to the vertical momentum equation, and using the total pressure form:

2w Puw Pw
= #)FV——% —gl+20ucos ¢ .
: ay? 1 az?
4 W
_— U
" g fo
107% 110 1073

{ Thus, the atmosphere in motion is strongly hydrostatic on the synoptic scale, sincg\

to an excellent degree of accuracy, we can write }
y ;
2o _ g Vg
p oz /;‘f
MW:WM’M"MW‘"M I -

Are the disturbances themselves hydrostatic? We find that if we do the same scale
analysis using the dynamic pressure and the buoyancy term, there is a similar balance:

lw | dw  Gwil  dwl 14 Fw o Fu Fw -
ven T +v_c?%§+w%f=7%}+y(a@ T )Pz & ppo}g FAucosd
vwi o ouw I T I B i W Spg
scale *-——-—-f _— L — ] = — — = ol
LI L | H | pH | 2 H?
magnitude| 1077 1077 | 107 | 107! | 10w 1078%4 107! 1073
'—Cf";'f?y e

So the answer is yes: synoptic scale disturbances themselves are strongly hydrostatic.
This means that verfical velocities in such systems tend o be relatively small and are
excited by departures from hydrostatic balance. One must always be careful to distin-
guish between the hydrostatic equation for an atmosphere at rest (Section 434)and
the hydrostatic approximarion for synoptic scale atmospheric motions derived here.
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