Poster: 531A

The 100th American Meteorological Society Annual Meeting, Boston, MA, 12-16 January 2020

Improving Microburst Detection and Warning with Polarimetric Weather Radar
Qing Cao1*, Michael Knight1, Alexander Ryzhkov2,3, and Pengfei Zhang2,3
1: Research & Innovation, Enterprise Electronics Corporation (EEC), Enterprise, Alabama
2: Cooperative Institute for Mesoscale Meteorological Studies (CIMMS), University of Oklahoma, Norman, Oklahoma
3: NOAA/National Severe Storms Laboratory (NSSL), Norman, Oklahoma
*Corresponding author: Dr. Q. Cao (qing.cao@eecweathertech.com)

Introduction
A microburst (also downburst) is an intense small-scale downdraft, resulting in strong divergent wind
near the surface. Currently, the operational microburst algorithms available in the weather radar
community are legacy algorithms of the Doppler era, which focus on the detection of divergent wind
patterns when a microburst occurs. The detection might result in false alarms due to the quality of
velocity data and the limitation of the velocity model. Moreover, it is usually too late when the radar
observes the microburst pattern, in terms of issuing warnings. Accurate nowcasting and detection of a
microburst is highly desirable for aviation safety.
Currently, weather radar has advanced into the polarimetric era. Recent research have revealed that
many polarimetric radar signatures could be associated with the early evolution and occurrence of a
microburst, e.g., the specific differential phase (KDP) “column”, differential reflectivity (ZDR) “column”
and “hole”, and correlation coefficient (ρhv) depression. Scientists from the National Severe Storms
Laboratory (NSSL) have been working on the improvement of the radar microburst algorithm with
Enterprise Electronics Corporation (EEC). The new algorithm applies the storm tracking technique to
monitor the significant polarimetric radar signatures. It can provide the short-time (typically 10
minutes) nowcasting of a microburst and also enhances the detection performance as compared to
the current detection algorithm of the Doppler version. The current study presents the proposed
microburst algorithm and the testing results.

Definition of Prediction Factors
1. Meteorological Index (MI) of the microburst (Proctor et al. 1989)
HML (in m) is the height of the melting level (ML) (height of the 0°C isotherm), γ is the
mean temperature lapse rate (in deg/m), γ0 = 5.5 x 10-3 deg/m, qv is the water vapor
mixing ratio (in g/kg) at 1 km above the ground and at the melting level.

2. Maximal vertical integrated water (VILmax) with the convective cell
3. Height of the ZDR column above the environmental freezing level (Hzdr)
Hzdr is the difference between the 1–dB level of ZDR and the freezing level. The value of
Hzdr can be as high as 3 km. The algorithm for identification of the ZDR column and
determination of its height is described in Snyder et al. (2015) .

4. Hail below the melting level
Aggregation values Ahail is part of HCA
(Hydrometeor Classification Algorithm)

3D representation of the descending storm core associated with
microburst occurred during the storm on 9 -10 June 2018

• Time-series of feature variables and MBI result produced by microburst detection and prediction algorithm

5. KDP column
Maximal value of KDP in the vertical KDP profile is proven to be a very important
parameter for microburst prediction.

Microburst case in Alabama on 9-10 June 2018

6. Temporal tendency of the height of the center of mass of Z
Descending reflectivity core is used as a microburst predictor in the old Lincoln
Lab algorithm for microburst detection and prediction (Wolfson et al. 1994).

7. Temporal tendency of the height of the center of mass of KDP

Proposed Method for Microburst Detection and Prediction

The outflow boundary produced microburst
at 00:44 UTC on 10 June 2018. The change of
Vr is 15 m/s over the distance of 4 km.

Microburst case in Oklahoma on 27 July 2017

8. Low-level wind shear
P8

The Tennessee storm on 17 June 2018
Right table shows the MBI
algorithm parameters

Case Studies
• Microburst case in Alabama on 9-10 June 2018

Summary and Future Works

• Convective cell tracking
The proposed method uses the Multi-Cell Identification and Tracking (MCIT) algorithm that has
been recently developed at the University of Oklahoma (Hu et al. 2019). A cell peak is defined as a local
maximum of VIL (or LVIL = 10 log10(VIL) ) within a radar echo that is at least 5 grid boxes in size in order
to avoid noise and over-identification of cells. Cell tracking is performed by a comparison of the VIL
maps with identified cells at the two successive radar scans. Such comparison is done by shifting VIL
map at scan n+1 back to the scan n using a shifting vector ΔR.
• Determination of the Microburst Index (MBI)
MBI is a sum of 8 terms relevant for microburst warning.
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Table. Summary of microburst predictors for 3 storms and 7 convective cells. Bold symbols and numbers
indicate convective cells that produced microbursts

(above) KBMX WSR-88D radar in central Alabama
observed a MB-producing cell on 9-10 June 2018.

• (right-top) RHIs through the center of the cell indicating
descending reflectivity core as a precursor of the
microburst
• (right-middle) buildup and demise of the ZDR column
preceding the microburst occurrence at the surface
• (right-bottom) a pronounced KDP column descending to
the surface as precursor of the microburst at the surface

q The proposed algorithm is feasible for wet microburst detection and prediction through the studies of
selected storms.
q The Multi-Cell Identification and Tracking (MCIT) algorithm is at the core of the microburst detection
and prediction technique.
q Preliminary results show that a wet microburst can be predicted with a lead time of about 15 minutes
which is very beneficial for monitoring microburst development and issuing appropriate warnings
q Future works:
• Detection and prediction of dry microbursts is based on very different principles and radar
signatures and will be investigated in a future study.
• The current algorithm can be further refined based on additional data analysis with different radar
bands.
• The mature algorithm will be implemented in the EDGE/PULSE software package for EEC radars.

