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ABSTRACT

Traditional Velocity Volume Processing (VVP) is an effective and widely used method to characterize
wind fields from one-dimensional Doppler radial velocities. Unfortunately, the VVP technique assumes
fixed horizontal wind speed and direction within the field of view.

A new technique was implemented in the Vaisala IRIS system to analyze wind fields with significant
vorticity. This new volume processing technique on the radial wind-field is similar to the VVVP technique but
fits a more complex wind model to the observed radial velocities. The model assumes a wind field typical
for tropical cyclone environments. The technigue is not sensitive to radial velocity folding. The resultant
methodology estimates the maximum wind velocity within the storm and the maximum distance from the
center of rotation.

The Vaisala's IRIS weather radar application allows users to estimate the center of tropical storms using
spiral overlay. This volume processing technique uses a fixed center point to constrain the model. The
resulting model gives users valuable information about the storm characteristics from a single radar site.

1. Introduction

The Doppler radar can be used to almost instantly assess the severity of the typhoon or tropical cyclone.
However, the sparsity of the aerial coverage and the Doppler velocity folding make such an assessment
difficult at best.

A number of techniques have been developed in the past to retrieve the velocity field. The velocity track
display (VTD) (Lee et al. 1994) utilizes single-Doppler data collected by the airborne radar. The data from
two successive flight legs can be processed simultaneously in the extended VTD (EVTD) (Roux and Marks
1996) technique. The ground-based VTD (GVTD) (Lee et al. 1999) was also used to study the wind field
distribution of tropical cyclones and tornadoes (Lee and Wurman 2005). In the VTD based techniques,
Doppler winds are analyzed within the rings concentric with the cyclone at a constant altitude.

A new technique was implemented in the Vaisala IRIS system to analyze wind fields with noticeable
vorticity. This new volume processing technique of the radial wind field is similar to the VVP technique but
fits a more complex wind model to the observed radial velocities. The model assumes a wind field typical for
tropical cyclone environments. The technique is not sensitive to radial velocity folding.

2. The traditional Volume Velocity Processing (VVP) model and the extended VVP.

The Volume Velocity Processing (VVP) (Waldteufel and Corbin 1979) fits a simple model of the constant,
or linearly changing, wind to the observed radial velocities at successive heights. The VVP was combined
with unfolding (Siggia and Holmes 1991) of the observed Doppler velocities.

The extended model combines simple non-divergent constant horizontal velocity with a simplified vortex
defined in a cylindrical coordinate system centered at the center of the cyclone. The model is in many aspects
similar to one used to model tornado vortexes (Potvin et al. 2008) in processing multiple-Doppler radar data.
The differences are that the Cartesian components of the linear flow field do not contain horizontal shear and
divergence terms and the Rankine vortex distribution of rotational velocities is replaced with the Gaussian
distribution.

The model parameters are two components of the translational velocity (V, and V, ), the vortex azimuth
and its distance from the radar (6, and D), scale of the Gaussian o, maximum rotational velocity @, and

location of the Gaussian maximum relative to the vortex center A,. The modeled radial velocity V,™" is
described by a single equation:
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, Wwhere €. and ¢ are the azimuth and elevation angles of the modeled data bini, and A, is the distance
from the center of the vortex to the modeled data bin i. The A, is expressed in terms of the distance from the

bin i to the radar r, projected on to the horizontal plane, l. =r. cos(¢) , and previously defined parameters
and variables:

A, =17 - 2,Dcos(, - 6,) + D?) )

One of the benefits of using Gaussian distribution instead of Rankine vortex (constant core w at
A <Rand @~1/A:™ for A, >R) is that for each of the adjustable parameters a; there is a relatively

simple analytical expression for 0V, mod | ba ; and that all those derivatives are continues functions.

If measured radial velocity ViObs is unambiguous, the nonlinear recursion can be used to minimize the cost

N
function J =) B/i"bs -V, ”‘Od]z and to estimate all or a subset of the adjustable parameters.
i=1

3. The NLSQ fit in the angular representation of the observed radial velocities

It is likely that parts of the strong tropical cyclone will have wind velocity well outside of the Nyquist
interval.
There are a few ways to address the velocity ambiguity problem. One option is to use the same model to fit

azimuthal and radial shear, which can be measured unambiguously. Another option is to replace V,** —V,™

differences with the shortest distance on the Nyquist interval. Both approaches were tried and worked, but
suffered from the slow convergence and the low accuracy.

The approach which works well was inspired by the treatment of the differential phase @, in (Wang Y.
and V. Chandrasekar, 2009). Analogous to angular @, represented by the complex unit vectore!®e* | the

Doppler velaocity can be represented as e™r M \where V,, is the Nyquist velocity and V, is the measured
Doppler velocity.

4. Operational Use

The Vaisala's IRIS weather radar application allows users to estimate the center of tropical storms using
spiral overlay. This volume processing technique uses the fixed center point to constrain the model. The
results of the fit give users valuable information about the storm characteristics from a single radar site data.
The reported parameters are the radius R at which the rotational component of the wind velocity reaches its
maximum value V,,

n_ (AO +4 A +402)
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as well as direction and the absolute value of the translational component of the wide wind field.




rite | vien | B[ 9] 2 92 3] ] veue [

CAPPT

=L

Fig. 1 Spiral Tool.
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Producing four parameters that characterize spiral winds (Fig.2) is not the only possible application. The
extended VVP can be used to unfold Doppler radial velocities in cases when the conventional VVP
unfolding fails or to generate the wind field product from the fitted model. The model might have to be

Fig. 2 Spiral Tool Dialog.

improved by switching to a different, more realistic, rotational velocity distribution.
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