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Distribution of Clear Air Turbulence Indices
around the Blocking High
Sawaka SEKI
Abstract

Clear air turbulence (CAT) is a turbulence which occurs without any convective
clouds (Ellrod et al. 2003). It is mainly caused by breaking Kelvin-Helmholtz waves,
excited in the unstable layer with strong vertical wind shear. When the horizontal
temperature gradients are strengthened, such as the fields around the rigdes or the
troughs, vertical wind shear becomes stronger through the thermal wind relationship
under the quasi-geostrosphic condition. On the contrary, Knox (1997) suggested
that the ageostrophic vertical shear in the gradient-balanced flow prevails over the
geostrophic vertical shear in the thermal wind relationship in the highly curved flows.
Meanwhile the blocking highs curve jet streams because of the Rossby wave breaking.
So, it seems that there are many CAT events around the blocking highs.

First, we calculated some CAT indices for some blocking events, and investigate
the characteristics of the destribution. As a result, many CAT events are likely to
happen around the confluence or the defluence points of jet streams, the troughs in
east and west sides of the blocking highs, subtropical jet streams after the defluence
points, and the blocking ridges in the upper troposphere.

Second, we examined what mechanisms bulid up the vertical wind shear exciting
CAT around the blocking highs. Consequently, one of those is the thermal wind
relationship. It strengthens the vertical wind shear around the troughs in east and
west sides of the bloking highs, and the confluence and the defluence points of the
jet streams. This is because the blocking highs curve the jet streams and induce
the deformation fields which makes the horizontal temperature gradients higher. By
contrast, in the blocking ridges these gradients are weaker than those of threshold
amounts which meet to occur moderate-level CAT through thermal wind equation.
Thus, other mechanisms seems to build up the vertical wind shear. One of those is the
ageostrophic vertical shear in gradient-balanced flow. The gradient wind relationship
prevails over the quasi-geostrophic model in the sharply curving flow like the blocking
highs. Moreover, the relative vorticities of the blocking highs reach about 10*‘%, then
the inertial instability may potentialy occurs there.

Not only the breaking of Kelvin-Helmholtz waves, but also the breaking of the

internal gravity waves induce CAT (McCann 2001). Internal gravity waves are excited
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by the geostrophic adjustments which try to redress the unbalanced wind component.
Then, we research the regions where the CAT events induced by the internal gravity
waves are likely to happen. As an outcome, the components of the unbalanced flow
distribute along the blocking ridges in 250 hPa. This is because the intence curvature
emphasizes the divergence or the convergence. Compared the regions of the large
amount of the unbalanced flow component and those of analyzed vertical wind shear,
they coincide with each other very well. So, unbalanced flow generates CAT events
through the breaking of internal gravity wave, at the same time, it enhances the whole
amount of vertical wind shear and also causes CAT induced by Kelvin-Helmholtz
instability.

As discussed above, there are two types of CAT-inducing mechanisms, ther-
mal wind relationship and the ageotrophic vertical shear in gradient-balanced flow,
around the brocking highs in the upper troposphere. Especially, the ageostrophic ver-
tical shear emphasizes the whole amount of the vertical wind shear along the blocking
ridges. In addition, CAT caused by the breaking of internal gravity waves also occurs
there. Thus, CAT events are likely to happen without any horizontal temperature

gradients in the anticyclonic regions of the blocking highs.

Key Words :
Clear Air Turbulence, Blocking, Vertical Wind Shear, Thermal Wind
Equation, Gradient-Balanced Wind, Internal Gravity Wave
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6.1.2 Turbulence Index
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200-250 hPa
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Ageostrophic Vertical Shear in Gradient-Balanced Flows
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Vertical Wind Shear
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Relative Vorticity
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