
Analyzing the Storm Evolution and Microphysical 
Characteristics Using SMART

葉玉婕 ( YU-CHIEH YEH)

張偉裕 ( WEI -YU CHANG)

DEPARTMENT OF ATMOSPHERIC  S C IENCES,  NATIONAL CENTRAL UNIVERSITY



2

time-1

time-2

Adopting the CPS identification algorithm from Dixon ( 1993 )

2D & 3D CPS tracking：CPS distance and size differences between time-1 and time-2
Center distance:   𝑑𝑑𝑝𝑝 = [ ( x t1i - x t2j )2+( y t1i – y t2j )2 ](1/2)

Size difference: 𝑑𝑑𝐴𝐴 = | 𝐴𝐴 t1i - 𝐴𝐴 t2j |(1/2)

Tracking information
1. Duration (minutes)
2. Storm speed (m/s)
3. Storm moving direction (degree)
4. Evolution of structural characteristics

(size, volume, maximum reflectivity, echo top)

nn combinations!!

Introduction

[吳(2019)]
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Land [ RH ↑ CIN ↓ ω ↓ SH ↓ ] → [ CPS frequency ↑ ]

Introduction

[吳(2019)]



Introduction

 QPESUMS Mosaic + PPI Data were use to identify storm locations.

 RCLY Radar Data is used in this study.

 Time resolution : 2 minute.
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 Variables : 𝑍𝑍, 𝑍𝑍𝑑𝑑𝑑𝑑 , 𝐾𝐾𝑑𝑑𝑑𝑑 , 𝑉𝑉𝑟𝑟 , 𝑃𝑃𝑃𝑃𝑃𝑑𝑑𝑑𝑑 , 𝜌𝜌ℎ𝑣𝑣 , 𝑆𝑆𝑆𝑆.
4, 6, 8, 10 min.

Storm id, Storm tracking.

 Storm Motion Analysis by Radar Tracking (SMART) 
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Storm Motion Analysis by Radar Tracking 
(SMART)

Radar Data_QC Storm Tracking
• Distance
• Size
• Storm Characteristic 

(Normalize Moment Invariants)
 Matching (Hungarian Method)

Output Data
• Storm Properties
 Time 
 Location
 Size
 Orientation
 Shape
 Intensity (𝑍𝑍𝐻𝐻𝐻𝐻)
 Microphysics characteristic

Analysis
• Storm motion, evolution, duration (initiation and dissipation)
• Variation of storm properties (𝑍𝑍𝐻𝐻𝐻𝐻,𝑍𝑍𝐷𝐷𝐷𝐷,𝐾𝐾𝐷𝐷𝐷𝐷 …) 

Coordinate System

PPI / Cartesian

Storm Identify
Dual-Threshold

(flexible) 

Split & Merge
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Storm Motion Analysis by Radar Tracking 
(SMART)

Radar Data_QC Storm Tracking
• Distance
• Size
• Storm Characteristic 

(Normalize Moment Invariants)
 Matching (Hungarian Method)

Output Data
• Storm Properties
 Time 
 Location
 Size
 Orientation
 Shape
 Intensity (𝑍𝑍𝐻𝐻𝐻𝐻)
 Microphysics characteristic

Analysis
• Storm motion, evolution, duration (initiation and dissipation)
• Variation of storm properties (𝑍𝑍𝐻𝐻𝐻𝐻,𝑍𝑍𝐷𝐷𝐷𝐷,𝐾𝐾𝐷𝐷𝐷𝐷 …) 

Investigate the characteristic of storm intensity and microphysics characteristic. 
(from developing, mature to dissipation stage)

Coordinate System

PPI / Cartesian

Storm Identify
Dual-Threshold

(flexible) 

Split & Merge
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Storm Identification
Cartesian Coordinate 

Distance (km) 

20 dBZ
1 32

35 dBZ 1 2 3

4

Reflectivity
Threshold Cell ID

Dual_dBZ
1 2

40

35

30

25

20

Radar Data_QC

Convective system 

More area of precipitation  
30 dBZ

Storm Identification 
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Storm Tracking

Storm Identification 

= 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

The more likely to be the same storm

Matching (Hungarian Method)

Storm 
Tracking 
Result 

Track Path 

mean(x,y) 

𝑡𝑡1

𝑡𝑡2

𝑡𝑡𝑛𝑛

𝑡𝑡𝑛𝑛−1

distance Moment Invariants size ++
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Analysis

Tracking results in different time resolution

2 𝑚𝑚𝑚𝑚𝑚𝑚

4 6 8 10 𝑚𝑚𝑚𝑚𝑚𝑚

𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≈ 2 𝑚𝑚𝑚𝑚𝑚𝑚
𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≈ 4 𝑚𝑚𝑚𝑚𝑚𝑚
𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≈ 6 𝑚𝑚𝑚𝑚𝑚𝑚
𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≈ 8 𝑚𝑚𝑚𝑚𝑚𝑚
𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ≈ 10 𝑚𝑚𝑚𝑚𝑚𝑚

REFERENCEInt1 Size Distance Moment

Int1
Int2

Int2 Int3

Int4 Int5
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Analysis

𝑍𝑍 ≥ 35𝑑𝑑𝑑𝑑𝑑𝑑 𝑍𝑍 ≥ 35𝑑𝑑𝑑𝑑𝑑𝑑

Int1  Area + Distance + Moment
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Summary

 Storm Motion Analysis by Radar Tracking (SMART) 

 Storm identification, Storm tracking, Storm characteristic (Intensity, Microphysics …) 

 Improve tracking technique using 2 min data: 
→ Size + Distance (+Moment) is better 

 Preliminary analysis of the evolution of dual-Pol measurements  

 Threshold for Moment Invariants

 Consider storm split and storm merge into storm tracking algorithm



Thank for 
listening !
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