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Rainfall measurements

Reflectivity Z is related to the rainfall rate R by an empirical relation, Z-R relation:
Z=aRP
For stratiform clouds, the relation is called Marshall-Palmer relation:

Z =200 R®

Image of Rainfall rate (R) of HKO radar using
Marshall-Palmer relation
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Recommendation

* Use of the lowest elevation PPI scan

* Why not CAPPI or higher elevation PPI scans?

0 Higher correlation with raingauges

0 Less latency time
* 6 mins to complete a volume scan
* Less than 1 min to complete the first and the lowest elevation scan

* 5 mins advanced
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Cross-section
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Rainfall Rate (mm/h)

TMSWR - Other Raingauges
TCWR - Other Raingauges
TMSWR - HKA (207.1.24)
TMSWR - HKO (206,1.09)
TCWR - HKA {200,1.15)
TCWR - HKO {160,1.18)
Marshall — Palmer

MNEXRAD Primary (300,1.40)
NEXRAD Tropical (250,1.20)
Proposed Z-R {200,1.20)
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Example 1




Last hour rainfall at  07:00H MT (based on mmgaugu and radar data)
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Last hour rainfall at mmr (based on raingauges and radar data)

2mm 10mm 20mm 30mm 40mm > 40mm
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TMSWR 0° PPI Last Hour Rainfall (2017-05-24 07:01:01)
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2 (a.b) = (200,1.6)

TMSWR 0° PPI Last Hour Rainfall (2017—05—24 07:01:01)

4 (a,b) = (200,1.2)




Last hour rainfall at  08:00H 24-May-2017 (based on raingauges and radar data)
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Last hour rainfall at ~ 10:00H 24-May-2017 (based on raingauges and radar data)
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Last hour rainfall sl 11:00H 24-May2017 (based on raingauges and radar data) TMSWR 0° PPI Last Hour Rainfall (2017-05-24 11:01:01) TMSWR 0° PPI Last Hour Rainfall (2017-05-24 11:01:01)
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TMSWR 0° PPI dBZ (12:00:02 19 OCT 2016

Rainfall Rate (mm/h)

Example 2

Z-R Relationship (TMSWR & TCWR)
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Content

* Dual-polarization Weather Radar
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Dual-polarization Radar

« Dual-polarization radar transmit and receive both horizontal and
vertical polarized pulses.

y y
Horizontal Polarization Vertical Polarization
Raw Data

T Y T

*Reflectivity (Z)

X z X z *\Velocity (V)
*Spectral Width (W)
«Differential Reflectivity (ZDR)

6 S @A it -Differential Phase (®pp)
. = *Specific Differential Phase (Kyp)
e- *(—:l)‘ Correlation Coefficient (p;,,)

Single-polarization Dual-polarization



 Good indicator of the
mean drop shape of the
dominant hydrometeor
within the resolution
volume

Spherical Horizontally Vertically

(drizzle, small hall, etc.) Oriented Oriented
(rain, melting hail, etc.) | (i.e. vertically oriented

ice crystals)

Zy Zv Zy
Z, e' Zy =" 2 a

ZH"ZV ZH>ZV ZH<ZV
220 "z —7z-0 |z, —Z <0
ZDR ~ 0dB ZDR > 0dB ZDR < 0dB
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Differential Reflectivity (ZDR)

Rain ->

Hail tends to tumble
0 appears spherical to radar

o ZDR~0dB

Small and completely water-

coated hall

0 appears as giant raindrop

o ZDR ~5-6dB

Non-met echoes

o Ground clutter: very noisy

0 Biological scatterers: less noisy, orientation with

flight direction

Major Axis ZDR (dB)
Diameter
(mm)
<0.3mm ~0.0dB
1.35mm ~1.3dB
3
1.75 mm ~1.9dB
©
2.65 mm ~2.8dB
el
2.90 mm ~3.3dB
©
3.68 mm ~4.1dB
Lal
4.00 mm ~4.5dB
Lol

Data from Wakimoto and Bringi (1988)

Physical interpretation of ZDR
for raindrop




PPI (dBZ)
20:30 / 10-Aug-2012

'}-20.0dBZ
+-25.0dBZ

Pdf File: HKX_009_020.ppi
Clutter Filter: DFT 3

Time sampling:45
PRF: 1B0O Hz / 1350 Hz
Range: 20km

Resolution: 0080 kmjpixel
Elevation: 0.9 deg

Data: Radar Data
Rainbow® SELEX-S|

PPI (ZDR)
20:30 / 10-Aug-2012

Fdf File: HKX_009_020.ppi
Clutter Filter: DFT 3

Time sampling:45
PRF: 1800 Hz [ 1350 Hz
Range: 20km

Resolution:  0.080 kmipixel
Elevation: 0.9 deg

Data: Radar Data
Ralnbow® SELEX-SI

Showers by active SW'lies

Example

Similar
Reflectivity

Very different
in ZDR

PPI (dBZ)

01:30/18-Dec-2012

HKX-HKOHQ

» 57.0dBZ
» 500 dBZ
» 46.0dBZ
» 41.0dBZ
» 30.0dBZ
» 18.0dBZ
+ 10.0dBZ
» 5.0dBZ
» 0.0dBZ
b -5.0dBZ
+-10.0dBZ
»-15.0 dBZ

+-20.0 dBZ
+-25.0dBZ

Ff File: HKX_009_020.ppi
Clutter Filter:  DFT 6

Time sampling:4@
PRF: 1800 Hz [ 1350 Hz

Elevation:
Data: Radar Data
Rainbow® SELEX-SI

Range: 20km
Resolution:  0.080 km/pixel
9 deg

PPI (ZDR)

01:30 / 18-Dec-2012

HKX-HKOHQ

r 1.0dB
r 5.0dB
+ 4.0dB
+ 3.0dB
b+ 2.64dB
» 2248
r LBdB
» L4 dB
v LOdB
» 0.6dB
+ 0.24dB
+-0.2 dB

+-0.6 4B
-V o

Pf File: HKX_009_020.ppi
Clutter Filter:  DFT 6

Time sampling:48
PRF: 1800 Hz / 1350 Hz
X

Range: 20 km
Resolution:  0.080 km/plxel
Elevation: 0.9 deg

ata: Radar Data
Rainbow® SELEX-SI

Stratiform Rain by undercutting

HHERXE

HONG KONG OBSERVATORY
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ZDR

« Large DBZ, but Zdr is small hail - A good detector of hall




Differential Phase (®pp) & Specific Differential Phase (KDP)

« Horizontal and vertical pulses slow down through medium

+ If the target is not a perfect sphere, differential phase shift (Oy;) / specific
differential phase (KDP) is resulted

Clear Air

25 km 5 km 35 km 5 km

Rain Shan Rain Shatt

Clear Air

25 km 5km 35 km 5 km

0 2 0 1.5 0
deg/km deg/km deg/km deg/km | deg/km

g



G‘E%ficﬁ

‘i’ HONG KONG OBSERVATORY

Interpretation of @,/ KDP

« Shape

®pp = + (Increases) ®pp = - (Decreases)

+ Particle Concentration




Uniform
Rain Rate

Higher KDP,
Higher Rain Rate
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Example 3

PPI (dBZ)
01:05/ 30-Oct-2012
HKX-HKOHQ

P File: HKX_009_040.ppi

Clutter Filter: DFT 3

'r\mesampungaa

1800 Hz/ 1350 Hz

-

»

¥

Rxnge: 40 km
0.160

Elevation: 0.9 deg|

Data Radar

Rainbow® SELEX-SI

PPI (KDP)

01:05 / 30-Oct-2012

HKX-HKOHQ

5
b
3
b
3
v
»
b
»
b
v

P File: P_HKX_009_040.ppi
u Clutter Filter: DFT 3

Time sampling:48

» 10.0 deg/km

7.0 degrkm
5.0 deg/km
4.0 deg/km
3.0 deg/km
2.0 deglkm
1.5 deg/km
1.0 degrkm
0.6 degrkm
0.3 deghkm
0.1 deghkm

-0.1 degrkm
-0.3 degrkm
1.0 degrkm
-2.0 degrkm
-5.0 degikm

1800 Hzt 1350 Hz
40 ki

™ Range:

B Resolution: 0. 150 km/pixel
W Elovation: 0.9 deg

l Data: Radar Data

® Rainbow® SELEX-51

PPI (dBZ)
01:05/30-Oct-2012

HKX-HKOHQ
I
||
||
|

Pdf File: HKX_003_040_carrected. ppi

Clutter Filter: DFT 3

Time sampling:48
RF: 1800 Hz /1350 Hz

Range: a0 km

Resolutien: 0160 km/pixel

Elevation: 09

Data, Radar Data

Rainbow® SELEX-5I

b
v
v
b
v
»
»
b
v
»
»
v
»
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»133.2 mm/h

48.6 mm/h
27.3 mm/h
13.3 mm/h
2.7 mm/h
0.5 mm/h
0.2mmh
0.1 mm/h
0.0 mm/h
0.0 mm/h
0.0 mmsh
0.0 mm/h
0.0 mm/h
0.0 mmsh

Higher Rain Rate
in TMSWR
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Correlation Coefficient (py,,)
» Definition
o Measure of how similarly the horizontally and vertically polarized pulses are
behaving within a pulse volume.

High Correlation Coefficient Low Correlation Coefficient

Pulse # Horizontal Vertical Pulse # Horizontal Vertical

R R I I
S
|

Q

Q

SRNER T B




Correlation Coefficient (p,,,)

« Measure of how similarly the horizontally and vertically polarized pulses are

behaving within a pulse volume.

Non-Meteorological

(birds, insects, etc.)

= A
x>

Complex scattering from
pulse-to-pulse. Horizontal
and vertical pulses change
in different manners from
pulse-to-pulse

Low CC (< 0.8)

Metr (Non-Uniform

(hail, melting snow, etc.)
‘@ Hail

[ _»  WetAggregates

Somewhat complex
scattering from pulse-to-
pulse. Moderate
differences from pulse-to-
pulse for the horizontal and
vertical pulses

Moderate CC (0.80 to 0.97)

Metr (Uniform)

(rain, snow, etc.)

¥
%»%’i/w
s J h}z"

3
e >4 :

R

e
2%

f :) o O © [s c
80mm 74mm 58mm 53mm 3I5mm 2.7 mm

Well-behaved scattering
from pulse-to-pulse. Little
differences from pulse-to-
pulse for the horizontal and
vertical pulses

High CC (> 0.97)

MASFERAXE

"’ HONG KONG OBSERVATORY
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Melting Layer

10 56:37

2 SEP 2015 HKT
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Ground Clutter
PPI (dBZ) PPI (RhoHV)
16:01 / 23-)ul-2012 16:01 / 23-)ul-2012
HEKX-SHW HEKX-SHW
v 1.00

57.0 dBZ 5ed
50.0 dBZ c 095
46.0 dBZ +0.92
41.0 dBZ , 0.90
30.0 dBZ » D.87
18.0 dBZ » 0.83
10.0 dBZ » 0.80
» 5.0dBZ 0.7
+ 0.0dBZ jroaa

+0.70

+ -5.0dBZ it
»
+-10.0dBZ L 057
+-15.0 dBZ , 050
+-20.0 dBZ 0,33
»-25.0dBZ »0.17
+ 0.00
Paf File: HKX_D09_D40.ppi Paf File: HKX_009_040.ppl
Clutter Filter: lIRDoppler & Clutter Filter: lIRDoppler &
Time sampling:44 Time sampling:44
FRF: 1B00 Hz / 1440 Hz FRF: 1800 Hz / 1440 Hz
Range: 40 km Range: 40 km

Resolution:  0.160 km/plxel
Elevation: 0.9 deg

Data: Radar Data
Ralnbow® SELEX-5I

Resolution:  0.160 km/plxel
Elevation: 0.9 deg

Data: Radar Data
Ralnbow® SELEX-51
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Combined Interpretation

Typical Values for ZDR (dB) Typlcal Values for KDP (deglkm)
Rain Incmaﬂ'll‘ Dﬂ:%;—b Rain
Hail I — SEI:. ] R : g Hail Increasing Wetness
Graupel : .. Gl—aupel Increasing Wetness
Snow Snow
IR Lrylals Ice Crystals e s
Clutter/AP

Biological Targets
Chaff
Debris

Non-Meteorological

Echoas NOT COMPUTED BECAUSE KDP TOO NOISY

Rain
Hail Clanthall  farge/Wet ——
Graupel
Snow

Ice Crystals
Melting Layer
Clutter/AP
Biological Targets
Chaff

Debris

£
E
z
g
g
2
5
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<
Hydrometeor Classification ’
Case I:_ Rainstorms

g PPI (dBZ) PPI (ET)
07:41 / 26-Mar-2013 07:41 [ 26-Mar-2013
HKX-HKOHQ HKX-HKOHQ

v 57.0d8Z + Rain-hall mixture
» 50.0d8Z
+ 46.04dBZ + Big drops
» 41.0dBZ bErryE
» 30.0d8Z
0 Gekiikes + Moderate rain
» 10.0dBZ
» 5.0d8Z + Light rain
» 00d8Z
v -5.0d8Z + Blological
+-10.0 dBZ
+-15.0 d8Z DEME
+-200d82 + ot classified
+-25.0dBZ
+ o Data
Ff File: HKX_009_040.ppi Pdf File: HKX_009_040.ppi

Clutter Filter:  DFT &
Time sampling: 74
PRF: 2000 Hz / 1500 Hz

Clutter Filter:  DFT &
Time sampling:74
PR 2000 Hz / 1500 Hz
Range: 40km

Resolution: 0,160 km/pixel

Elevation: 0.9 deg

Data: Radar Data
Ralnbow® SELEX-SI

Range: 40km
Resolution:  0.160 kmjpixel
Elevation: 0.9 deg
Data: Radar Data
Rainbow® SELEX-S|

Case IlI: Clutters under fine weather

PPI (dBZ) PPI (ET)
02:00/ 25-Oct-2012 02:00 / 25-Oct-2012
HKX-HKOHQ HKX-HKOHQ

57.0d82
50.0 dBZ.
46.0dBZ
410082
30.0d82
18.0dBZ
+ 10.0dBZ
+ 50dBZ
+ 0.0dBZ

. » Raln-hail mixtu
,

5 » Big drops

5 » Heavy rain

,

s

» Moderate raln

» Light rain

+ 50082 + Biological
+-100d82 o
+-15.00BZ Aol
Flil » Not classified
+-25.0d82
» No Data
P File: HKX_009_040.ppi Pf File: HKX_009_040.ppi

Clutter Fiiter: DFT3

Time sampling:48

PRF: 1800 Hz / 1350 Hz
e 40

Clutter Filter: DFT 3
Time sampling:48

PRF: 1800 Hz / 1350 Hz
e km e 40
Resolution: 0.160 kmypixel
Elevation: 0.9 deg

Data: Radar Data
Rainbow® SELEX-SI

: km
Resolution: 0160 km/pixel
Elevation: 0.9 deg
Data: Radar Data
Ralnbow® SELEX-SI
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Hydrometeor Classification
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-

Dual-polarization QPE

O R(2)
R(Z)=A*Z"B
(A=0.0364, B=0.625)

O R(KDP)
R(Z)=A*KDP"B
(A = 33.33, B = 0.8695)

O R(KDP,ZDR)
R(Z,KDPR)=A*KDP"™B/(a+b*(ZDR-1)"c)
(A=44.0,B=0.822,a=0.4,b=3.5,c=1.7)
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-

Dual-polarization QPE

O R(Z,ZDR)
R(Z,ZDR)=A*Z"B/(a+b*(ZDR-1)"*c)
(A = 0.036463, B = 0.625, a = 0.4, b = 5.0, ¢ = 1.3)

0 NSSL2005
B R(Z,ZDR) , when R(Z)<RO
B R(KDP,ZDR),when R(z) ==>RO
B R(KDP) ,when R(z) =>R1

Default RO=6,R1=50 (configurable in IRIS)
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Content

* Interpretation of Extreme Weather on Radar Imagery
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Rainstorm Characteristics



Rainstorm characteristics

- from radar perspective

- from synoptic forcing perspective

LS Qu SE 5Q
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Forcing Type: MTS

Monsoon Trough South (MTS)

MTS occurs over the south China coast or northern part of the South China Sea (SCS) when the SW monsoonal flow
iconverges with SE'lies at the SW flank of the Pacific ridge. Depending on the relative dominance of the Pacific ridge and
SW monsoonal flows, MTS usually appears as a broad trough over the SCS. Intense and persistent convections will
farm over the trough, usually in form of NW-SE oriented lines of intense rain echoes with continuous development. and
move towards south China coastal areas.

2010-07-28 14:30
2011-05-22 10:45
20080712 02:15
2003-05-05 01:45
2010-06-28 12:45
2010-06-27 12:50
2010-06-26 03:58
20080714 23:25
2007-06-29 05:40
2006-07-28 03:25

2003-05-04 18:55
20030505 22:20
2001-07-21 03:15
20010715 14:45
2001-06-26 15:00
2001-06-25 18:05
Type Summary 2000.08.04 14:40

Surface

2000-08-04 07:35
2000-08-03 11:15
2000-08-03 05:40
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Common Radar PrOduCtS Used by HKO ) J HONG KONG OBSERVATORY

WINDOW | X 1 S40eAB0 19:05:51 HKT

—
19:05:51
18 JUL 2009

S =1 )] )

Cross-section

[rite | wiee 3]0 2] ] 0] v TR

5]

rv WINDOW 2 X 1 4800480 17:30:31 HKT

J|_JJ_UJ_U tosa | AES

TOPS
height of echo top of 10 dBZ surface

Window 4 X3 dbiussn 113027 HKT

eiie | view 33512/ 5] 5] | veie [T

11:30:27
27 MAY 2007

JI=F

-

MAX VIL (Vertical Integrated Liquid)

(the maximum reflectivity above each pixel) High VIL (e.g. > 20 mm) is a good indicator

of severe storm and hail.
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Earth’s curvature

Height (km) above radar

2 I ]

T T 7 7 7
45 30 20 15 10 & & 5 & 2 2

Even at 0 deg PP, out
< torange 200 km, height
of beam is 2 km!

50 100 150 200 250 300 350 400

Distance (km) from radar

Range-height diagram. Numbers on each curve are elevation angles in degrees.



1207

Jiny Sl e—
22:36:01
29 DEC 2009

Rroup J

Mait
Wait
Haik

Hait

Terminal

1x/ 2208

10 6
21 MAR 2016 HKT)

xsiect Tool

Make Cut L]
8§26 Large -
Data dpz -

s | )

Emoolther || 0.0

width | 43.4 ¥

10:01:26
21 MAR 2016 HKT)



eﬂéféiuua

"’ HONG KONG OBSERVATORY

Interpretation of Extreme Weather on Radar Imagery
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Extrapolation to deduce arrival time of rainband
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Doppler velocity mage



Storm Development on Radarscope

Typical Life Cycle of Storms




Identifying Convergence/Divergence
on Doppler velocity PPI images

Look for ‘dipoles’ of warm/cold colors along a radial to identify convergence/divergence,

or on either side of a radial to identify cyclonic/anti-cyclonic signatures

/‘o Radar /‘o Radar
“ “
“%‘ “ﬂ‘
y S o>
Divergence Convergence

Radar

Cyclonic signature Anti-cylonic signature

(anti-clockwise) (clockwise)
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Case Study II: 16 April 2012
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Case Study III: 23 May 2015
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Case Study 1V: 9 Aug 2015
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Case Study V: 5 Jan 2016
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Hail Signatures on Radar

1.
2.

Hook echo
Overhang echo

High reflectivity (Core
reflectivity > 58 dBZ)

Low-level
convergence or

mesocyclone

Rain-hail mixture in
hydrometeor

classification

Classic Model for Occurrence of Hails

H: Hook Echo

U: Main Updraft

I: Updraft/Downdraft Interface
RFD: Rear Flank Downdraft
FFD: Front Flank Downdraft
V: V-notch

1-minute Mean Air Temperature (°C) At 19:30HKT On 30 Mar 2014 Sun
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Past Hail Events
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30 March 2014, hail report received by HKO

ERVATORY

19:51:45 | L g 19:51:45

30 MAR 2014 CS . 30 MAR 2014 CST
.

¥ 50:33:00 |8 _— W 56:53.00

30 MAR 2014 CST L L £ 30 MAR 2014 CST

Hook E”cho



WINDOW 1 X 1 480x480 19:30:18 HKT

Fl_lelﬂlil_l_l_lﬁl_l_l_lilﬂo_del- - e ]

& i) Ciioll CAPPT
= _030_064

MPPI (dBZ)
11:28 / 30-Mar-2014
d HKX-HKOHQ

» 57.0 dBZ
50.0 dBZ
46.0 dBZ
41.0 dBZ
30.0 dBZ

I
v
) 5
K
» 18.0 dBZ
» 10.0 dBZ
» 5.0dBZ
1 v 0.0dBZ
» -5.0dBZ
»-10.0 dBZ
A“\ { »-15.0 dBZ
»-20.0 dBZ
v
-

19:30:18
30 MAR 2014

-25.0 dBZ

Pdf File: HKX_mppl_030.mppi
Clutter Filter: DFT &

Time sampling:74

PRF: 2000 Hz/ 1500 Hz
Range: 30 km

Resolution: 0.120 km/pixel

Data: Ele 0.90 deg

Height Rainbow® SELEX-5|

22 deg 18 km ~ 7300 m 611 1 4241 M |

Reflectivity in dBZ

MPPI (ET)
11:30/ 30-Mar-2014
HKX-HKOHQ

+ Rain-hail mixture

» Large wet hail

» Wet graupel

» Dry graupel

» Wet snow

» Strong dry smow

» Weak dry snow

» Rain

» Drizzle

» Blologlcal

» Clutter
_ + Mot classified

» Mo Data

Paf File: HKX_mppl_030.mppi
Clutter Filter: DFT &

Time sampling:74

PRF: 2000 Hz / 1500 Hz

Range: km
Resolutien: 0.120 km/pixel
Data: Ele 22.00 deg
Ralnbow® SELEX-SI




Hail at around on 30 July 2016

Hail was reported at Tai Po
during the passage of the
thunderstorms on 30 July 2016
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Gust Front and Downbursts
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Downbursts and Gust Front associated with thunderstorms

Thunderstorm

TN=ER

Downdraft, <

=
Background
winds
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* Downbursts (microbursts) and Gust Front associated with
thunderstorms observed on TDWR

city in més
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Zh
~ divergence —
_downbursts
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= 00
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30

convergence — gust front

< Intense
thunderstorm

Reflectivity thin Ii"rie
from gust front
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Content

« Other Possible Scanning Strategy — 1-min Rapid Scan



Operational benetfits I - Timeliness

Normal Volume Scan 1-min Rapid Scan

Update Frequency Once every 6-minute Once every 1 minute

Volume Scan

0901 0902 0903 0904 0905 0906 0907 HKT

Rapid Scan

Lead time Lead time Lead time Lead time Lead time Lead time Lead time
0-min 1-min 2-min 3-min 4-min 5-min 0-min
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Operational benefits II — Better Continuity

« Better display of echo evolution in 1-min rapid scan
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Enhanced observations I - Low-level convergence

Three possible scenarios:
(i) the two convergence lines have

merged into one; or

(ii) the convergence line further north
dissipated while the one to its south

persisted and moved slowly; or

(iii)the convergence line further north

persisted and moved slowly while

the one to its south dissipated.
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Enhanced observations II - Downburst

“tMore difficult to observe : g % 2 utspreading of echoes | 29 AUG 2017
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Enhanced observations Il - Downburst

T | <) ven 1) <)) 2 2 )

e Cross-section based on TCWR 6-

minute volume scan data revealed
16:36:08

22 Aug 2017

descending of the reflectivity core.

* Another evidence of downburst

process observed from the vertical

direction.

» Combined use of rapid scan and

volume scan could provide a wider

perspective in observing the

evolution and impact of severe

weather.




Enhanced observations III — Hook echo

Formatipn of hook echo from 055 HK
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Formation and dissipation processes lasted for
around 6 minutes or less -> difficult to be

observed using 6-min imageries

The strongest echoes appeared outside T+0,
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Enhanced observations III — Hook echo

e e, A tion
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1-min radar imagery animation



Enhanced observations III — Hook Echo

[ ] WINDOW 1 X1 720x720 10:06:24 HKT
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Cross-section based on TCWR 6-
minute volume scan data revealed
overhang echo.

Another evidence of hail possibility.
Again illustrated the advantage of
combined use of rapid scan and

volume scan.



MASFERAXE

"’ HONG KONG OBSERVATORY

Enhanced observations IV
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