S1 thermal wind

For balanced geostrophic flow (for which friction with the earth’s surface is neglected, curva-
ture is small, and pressure gradient and Coriolis forces are in equilibrium), the geostrophic
wind at a given pressure level p is given by
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with g the gravitational constant, f the Coriolis parameter (approximately 10~ /s at mid-
latitudes), k the vertical unit vector and V;h the gradient in geopotential height at pressure
level p (in the troposphere h is numerically almost identical to the height above mean sea
level [1]). The geostrophic wind is a common approximation of the actual horizontal wind
field for large-scale motions at mid-latitudes [1]. The vector outer product between k and
V_'ph dictates that balanced flow is oriented along isobars, and the wind speed at a given
pressure level is proportional to the spatial change in height of that level (i.e. when isobars
are close together winds speeds are high).

The geostrophic wind difference between two altitudes ho,h1 (hg < hp) is called the
thermal wind U r = U1 — Uy, which in an ideal gas atmosphere is given by [1]:
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VT is the gradient in the mean temperature of the air column between hy and hy, M the
molar mass of the earth’s air and R the gas constant.

The above expression relates the vertical wind change within an air column to the large-
scale patterns of surrounding temperature. The geostrophic thermal wind can be calculated
explicitly if we know the vertical pressure buildup and temperature gradient at a given loca-
tion. If we assume pressure is hydrostatic (given by the weight of air in the column above)
a direct result of the ideal gas law is the so-called barometric formula, which expresses pres-
sure as a function of altitude. For an atmosphere with constant environmental temperature
lapse rate L, the barometric formula is given by
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with h the geopotential height, Ty the temperature at ground level and Py the pressure at
ground level. We may now rewrite Eq. S2 by filling out the barometric formula Eq. S3 as
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where on the right-hand side the logarithm has been Taylor expanded up to first order in
h1L /T, being a small number for h; up to a few kilometers. We emphasise that Eq. S4
should not be used to obtain quantitative estimates of wind, since atmospheric conditions
are generally more complex (e.g. due to ageostrophic terms, moisture and turbulence). Our

aim here however is only to provide qualitative insight in typical mid-latitude wind profiles.
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