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Why wind gusts?

* Extreme wind gusts induced by convective systems frequently trigger severe socioeconomic
losses and pose critical threats to transportation safety

Weather related accidents, 2008-2020
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Why gust winds?

®* Considerable advances in NWP

* Operational numerical models still exhibit limited forecasting skill for extreme convective gust
events.
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Common types of wind gusts?

“ Wind gust is a brief, sudden increase in wind speed that lasts less than 20 seconds
and is often followed by a lull in intensity.

®* Mechanical Gusts

v Caused by friction as air flows over rough terrain, hills, trees, or large buildings, creating
turbulent eddies.

®* Thermal (Convective) Gusts

v’ Triggered by solar heating of the ground, where warm air rises and cooler air rushes down in a
churning, gusty pattern.

®* Thunderstorm Outflow Gusts
v' Formed by rain-cooled downdrafts hitting the earth's surface and spreading rapidly outward.
* Frontal Gusts

v’ Associated with the leading edge of a passing cold front, bringing a sharp temperature drop
and sudden wind surges.

* Peak Gust
v' The absolute highest instantaneous wind speed recorded during a specific observation cycle



Thunderstorm outflow gusts

®* The rear-inflow jet is a mid-level dynamical forcing that enhances downward momentum
transport and ultimately generates severe thunderstorm outflow gusts at the surface

Gust-producing thunderstorms with a rear-inflow jet
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Thunderstorm outflow gusts

® The rear-inflow jet is a mid-level dynamical forcing that enhances downward momentum
transport and ultimately generates severe thunderstorm outflow gusts at the surface

* Doppler weather radars provide 3D wind field measurements, yet resolving boundary-layer
dynamical processes is challenging.
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Gust-producing thunderstorms with a rear-inflow jet
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Below-cloud wind profiling measurements are desperately needed
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Thunderstorm outflow gusts

* China has built the densest ground-based wind profiling network in the world

v' 400+ radar wind profilers
v' 200+ wind LiDAR

* Combined with multiple radars and satellites, it is possible to carry out multi-scale
process observation of the extreme gust wind events.
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Dynamic Parameters Retrieved from the Triangular Network of RWPs

For any spherical triangle by 3 RWPs, divergence, vorticity and vertical velocity can be derived

* The divergence flux is calculated by the area of the outflow in the triangle
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An extreme gust wind event in Nantong

®* Wind speeds at 221 sites in this event broke the historical records of wind intensity.

®* The extreme wind is associated with the downburst embedded in a mesoscale convective
system (MCS), and the maximum wind reached 45.4m/s in Nantong, East China.
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An extreme gust wind event in Nantong

®* Wind speeds at 221 sites in this event broke the historical records of wind intensity.

®* The extreme wind is associated with the downburst embedded in a mesoscale convective
system (MCS), and the maximum wind reached 45.4m/s in Nantong, East China.

* Along the propagation way of the squall-line gust front, 8 radar wind profilers (RWP) are
chosen to build a mesonet for the atmospheric dynamic analysis of this gust event.
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* Wind speeds reaches 40m/s and 24m/s, behind the
500hPa and 850hPa baroclinic trough.

* Strong cold advections are found after different layer

troughs.

°* High MUCAPE is found before the squall-line gust front,
indicating unstable condition for MCS development.

* Dry lower levels are found in Shanghai, possibly
enhancing evaporative cooling.
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Surface, satellite and radar observations
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* This entire event can roughly be divided into two stages: a squall-line/MCS propagation
stage and a gust front propagation stage.

* MCS propagation: 0.decreases over 15K, local mesohighs (H) forms along the front.
* Gust front propaqgation: little precipitation, large wind and 0. shears are found.
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Vertical dynamic structures: RWP mesonet analysis
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Mesoscale vortex: S-band Doppler radar analysis
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Downward momentum transport from RWP mesonet

Dafeng contours: meridional wind

3
/—\25 7
£
MCS = 2 7.
propagation _'GS-J) 1.5
T

Gustfront — 21
propagation 51 51 *
©

I

— e W

0.5

1800

4900 2000 2400 9200

2300
Time (BJT)
-3 -2 -1 0 1 2 3

VA (m2 s min'1)

Meridional vertical
momentum transport

ov U.v v 10dp
at VWaz pay

—pa—

* MCS propagation:
« Strong downward momentum
transport shows in RLJ.

« Upward momentum transport is
found along the front.

* Gust front propagation:

« Convection inhibited by the upper
downdraft leads to low development
of momentum transport.
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Turbulence transport from RWP mesonet
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Variation of divergence and vorticity during the extreme gust event

= From the RWP mesonet we have built, 6 dynamical triangles are created
= Vorticity and divergence profiles are calculated based on the triangular algorithm
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Variation of divergence and vorticity during the extreme gust event
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Take-home messages

" RWP mesonet obs. capture multi-scale dynamical processes of wind gusts
® Large-scale: Pronounced baroclinicity with large-scale troughs in a high wind speed background.

®* Meso-vortex: Radar radial velocity shows mesovortex development that amplifies gust-front rear
flow.

* Downward momentum transport: Meridional horizontal momentum downdraft accelerates low-
level flow, with prominent turbulent transport.

® Gust front: Vortex stretching, RIJ and wet downdraft promote gust-front formation and
intensification.

® Limitations of RWP mesonet

® The fixed triangular configuration fails to resolve smaller-scale atmospheric flow features.
® Signals are readily attenuated by hydrometeors, resulting in blind zones within precipitating clouds.

" Integration of weather Doppler radar and RWP mesonet enables the
reconstruction of seamless 3D wind fields.
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