Discussion of backing and veering winds (from Gemini).
The vertical turning of the wind vector—veering (clockwise turning with height) and backing (counterclockwxxxxxise turning with height)—is fundamentally linked to three major atmospheric regimes: synoptic-scale baroclinic environments, the planetary boundary layer, and severe convective environments.
1. Synoptic-Scale Baroclinic Zones (Mid-latitudes)
In the free atmosphere, where geostrophic balance largely holds, backing and veering are diagnostic of temperature advection through the thermal wind relationship. The vertical wind shear vector (the thermal wind) is proportional to the horizontal temperature gradient:
$$\frac{\partial \vec{V}_g}{\partial z} = \frac{g}{fT} \hat{k} \times \nabla_p T$$
[image: ]
· Veering winds: Indicate warm air advection (WAA). As the geostrophic wind vector turns clockwise with height in the Northern Hemisphere, it blows across the isotherms from warmer to colder regions.
· Backing winds: Indicate cold air advection (CAA). Counterclockwise turning with height implies the wind is blowing from colder to warmer regions.
· Regions: These relationships are essential across mid-latitude storm tracks, particularly in frontal zones and during the evolution of shortwaves. For example, ahead of a mid-latitude cyclone's warm front, profound veering with height is observed as warm air overrides the colder airmass.
2. Planetary Boundary Layer (Ekman Friction)
Within the lowest kilometer of the atmosphere, turbulent friction disrupts geostrophic balance. Friction slows the wind, reducing the magnitude of the Coriolis force. Because the pressure gradient force remains constant, the surface wind deflects across the isobars toward lower pressure.
· Circumstances: Moving upward from the surface away from the source of friction, this effect diminishes. The wind vector must turn clockwise (veer) in the Northern Hemisphere—and increase in speed—to eventually align with the free-atmosphere geostrophic wind. This forced turning creates the classic Ekman spiral.
· Regions: This frictional veering occurs globally over both land and ocean. It is most cleanly observed in marine boundary layers or over flat, uniform terrain where surface roughness is relatively homogeneous and mixing is uninhibited by topography.
3. Severe Convective Environments (Mesoscale Dynamics)
In the lower troposphere, strongly veering wind profiles are a critical dynamic ingredient for organized severe convection and tornadogenesis.
· Circumstances: Strong directional shear with height generates significant horizontal vorticity. When a strong convective updraft develops, it tilts this horizontal vorticity into the vertical, providing the necessary spin for mesocyclones within supercell thunderstorms. A classic atmospheric profile for a tornado-producing environment features low-level southeasterlies transitioning to southwesterlies and westerlies aloft.
· Regions: This is most prominently impactful in regions like the Great Plains of the United States. The interaction between the southerly Great Plains Low-Level Jet (LLJ) advecting moisture and mid-level westerlies crossing the Rockies creates an optimal environment for severe, localized veering profiles.
Recommended Video
For a concise, accessible breakdown of vertical wind profiles and how to use a hodograph to diagnose temperature advection based on these wind shifts, this video demonstrates the conceptual mechanics:
· Weather 101 Episode 23: What are backing and veering?
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