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Part 3: The Thermal Wind
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Question: |s there a
relationship between wind
speed and temperature?

J

It turns out that there is a close link between vertical
wind shear (vertical gradients of horizontal wind
speed) and layer thickness, which is governed by

\ temperature.
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Question: Where are the
strongest temperature
gradients?

MAUW-Madison Dept of AOS

Paul Ullrich Applications of the Basic Equations March 2014



N

W

X
)

\ v‘] ‘1
A LY
& % of l' )
J
X b
o £ ;
o o Y
SO T
a 3 2Ty ; ’
] - "\. ) L
T A,
e -
~ o

Wind speeds appear to be
largest where temperature
gradients in lower layers are
strongest.
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Thermal Wind

4 )
Definition: The thermal wind is a vector
difference between the geostrophic wind

at an upper level and a lower level.

. J

/ Figure: Thickness of layers

related to temperature, causes a
> tilt in the pressure surfaces.

Change in magnitude of
A / horizontal gradient of pressure
then leads to vertical wind shear.

Cold Warm
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Thermal Wind

Emphasis: The thermal wind is not a real
wind, but a vector difference.

é )

The thermal wind vector points

such that cold air is to the left
and warm air is to the right,

/ parallel to isotherms (in the
northern hemisphere). Cold air is

to the right and warm air is to the
> left in the southern hemisphere.

VS W,

Cold Warm
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Geostrophic Wind

In Pressure Coordinates

Recall: The geostrophic wind is the component
of the real wind which is governed by geostrophic
balance. On constant height surfaces, it is defined

to satisfy

In pressure coordinates, this relationship takes on

the analogous form:

N
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Geostrophic | ,, — _l <8_CI>> V. — l (8_(1))
Wind P f\ay /), 7 fl\oz/,
Differentiate vmh respect to p

A 4

ug _ 1008 v, 10900
Op J Oy Op dp [ Ox Op

Hydrostatic 8_(1) _ % _1 _ _ﬂ On constant p
Relationship op 9, 0 ) surfaces

o
Thermalwind Oug _ R <8T) vy R (0T
relationship: Jop pf » ,

~
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4 ™
Thermal wind 99Uy _ R (8T> duy R <8T)
p

relationship: Jp  pf \ Oy op  pf \ Oz
o /
This relationship links the horizontal temperature gradient
with the vertical wind gradient (vertical shear).
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Thermal Wind

/Thermal wind % _ R <8T> A

relationship: Op pf \ Oy
% — _ I <8T) The thermal wind itself
op pf \ Ox D is a vector difference.
N /

- Zl} du, R (8T> v, R (8T)
ewrite = — | =— = —— | =
d(logp) f \9dy/),  9(logp) f\ox /),

Integfaﬁl} (UT = tg(p2) — ug(p1) = _? (%ng (%) \

[ThermaIWind} vr = Vg(P2) — vg(P1) = - <a§>>p o8 (%D

N : Y
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/[Thermal Wind }

ur = ug(p2) — Ug(pl) = —

R 8T> pl\
7< y) log(p_z)
U = Ug\P2) — Vg(P1) = < @) e
5 (p2) (p1) ( >1g<p2>/

Example: Thermal wind v; between 500 hPa and 1000 hPa

R
f

u, (p, =500 hPa)

u; thermal wind

u, (p; = 1000 hPa)
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Thermal Wind

Alternate form of thermal wind, written in terms of
geopotential height (obtained from hypsometric equation):

Ry D 1
ur = 71{ X Vp<T> log (p—;> = ?k X vp(q)Q — (I)l)
1 0 1 0
UT:—?a_y((I)2—(I)1) UT:?a—y(q)Q—(I)l)

A s/
A\ | /
Index “1” indicates lower level, “2”
indicates upper level.
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/[ Thermal Wind }
ur & ug(p2) — ug(p1) = —— (?) log (
)

/ Y

(T

\’UT ~ vg(p2) — vg(p1) = 7 ( o ) log (g;

P1
P2

)

~

)

v

Note that thermal wind always points parallel
to lines of constant layer temperature:

up - V(T) = “log (pl) [_3<T> T) |

f dy O

P2
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Thermal Wind

Thermal wind always points parallel to lines of constant
temperature (and lines of constant layer thickness).

Definition: Veering winds are
defined by clockwise rotation
of the geostrophic wind with
height and are associated with
warm air advection.

N

Definition: Backing winds are
defined by counter-clockwise
rotation of the geostrophic wind
with height and are associated
with cold air advection.

N

Cold

Thermal wind

Lower level
geo. wind Upper level
geo. wind Warm
Cold Upper level

geo. wind

Lower level
geo. wind

Thermal wind .

Paul Ullrich Applications of the Basic Equations March 2014



The thermal wind determines the relationship
between meridional temperature gradients and

zonal winds.

Question: Given zonal mean
temperature below, where are zonal jets?
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The thermal wind determines the relationship
between meridional temperature gradients and

zonal winds.

Question: Given zonal mean

temperature below, where are zonal jets?
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4 )
Question: Given zonal

mean temperature below,

where are zonal jets?
. y ou, R (0T

dp  pf\oy/,
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4 )
Question: Given zonal

mean temperature below,

where are zonal jets?
\ ) Qug B (0T du Ouy
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4 )
Question: Given zonal
mean temperature below,

here are zonal jets?
- “ond’) ) Oug _ R (OT\ du, Oug
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