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Scanning Modes

Two main types of scans

Plan Position Indicator (PPI)

» Radar holds at certain elevation and rotates about the vertical axis

» Horizontal storm distribution

Range Height Indicator (RHI)

» Radar holds a certain azimuth angle and tilts up/down

» Finer vertical storm structure




Volume Scan

A volume scan composed of multiple PPl scans

Typically take 5 to 6 minutes to complete

Filing gap between each slice by interpolation

Level Il data, raw data, base data
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€ FHHRXE
NP Y HONG KONG OBSERVATORY

Volume ... Range

Scan

Elevation
Step

W E
Cross Section -+ @Helr ®
Datatype e 1] :;Zm ity
|Z—Reﬂectivitv - 10 20 28 3 41 47 53 58 62
= @
15.0
E
=
©
°
2
S
150 200

50 100

Distanca (em)

Max altitude: 15.0 km

Clear points



rain area

AREBE AT 8 R UT AT T = ¢

Time for microwave to fravel from

| g,

radar to rain area and back =t g 0 ‘s

_%ga@"ﬁ/

re

o7
weather radar

D=ct/2

Single-polarization Weather Radar

rain area ‘
B MR e

More microwave
reflected back

A 7
R
weather radar

EE[

@W'Q“'g@: J“l“l‘l

)‘“"w@* R

Higher rain
intensity

Reflectivity Z

W O O e A R Y
rain area moving at radial

velocity V
oy,
W 77 ke
BRI 1, BERISA
Microwave at frequency f; TR HE SRS,

and wavelength A

e

Reflected microwave at frequency f;

BEYF AL E
e
il fo-To=2VIA

Doppler frequency shift principle

Pr(Vr)

(L. e o8-

v" HONG KONG OBSERVATORY

_ J(Vr=Vr2. Pr(Vr) dVr
- [Pr(Vr) dvr

Spectrum Width

Measure location, reflectivity, velocity and spectrum width of raindrops

; Vr
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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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Nyquist Velocity

* Nyquist velocity or maximum unambiguous velocity

« The maximum range of radial velocity that can be observed without ambiguity by a Doppler
radar.

 Doppler Velocity values in excess of Vmax are folded.
» The true values are offset by mulitiples of + 2Vmax
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—— CORTSRE e
Nyquist
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30mbs l | 2mis |
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Figure 37: Velocity Folding or Aliasing.
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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 (Kpp)
e- *(—:l)‘ Correlation Coefficient (p;,)

Single-polarization Dual-polarization



Uniform
Rain Rate

Higher KDP,
Higher Rain Rate
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Example

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

Attenuation Correction

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

AR H

v" HONG KONG OBSERVATORY

»133.2 mm/h
» 48.6 mm/Mh
» 27.3mm/h
» 133 mmh
» 27mmh
» 0.5 mmh
» o 0.2mmh
» 0.1mmm
» 0.0mmMh
» 0.0 mm/h
» 0.0 mmh
» 0.0mmm
» 0.0 mm/h
» 0.0 mmh

Higher Rain Rate
in TMSWR
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Hydrometeor Classification .

Case |: 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




Common Radar Products
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Common Radar Products

-

=15 rv WINDOW 2 X 1 4800480 17:30:31 HKT

=1

Cross-section

File | View |

et | view | B[ 2] 1) )58 2] 0] 1| e RSN

—
19:05:51
18 JUL 2009

=

CAPPI (Constant Altitude PPI) TOPS
height of echo top of 10 dBZ surface

Window 4 X3 dbiussn 113027 HKT

28] 718 5] @) 5] _ose [T - | 35y

X

File | View |

[rite | view |15

15:00:17
23 AUG 2009

11:30:27
27 MAY 2007

16:18:17
20 MAR 2013

S =1 )] )

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.

-




PPI (Plan Position Indicator)

WINDOW 1 X 1 480x480 19:05:51 HKT

File | View |E"T+_+"|

8] 5 &8 2] 2] | wocs B - || S

THS/THS

Range: 512 km
SURVEILLANCE

|

|1

19:05:51

18 JUL 2009

| | | ] ]
>400 ﬂ

300
200
150
100

Cursor, Tool

Value |20.50 mm/ hr Ranige |205.0 lan |

LAT

u
OH

| 22.0163°N slant |205.1 km

| 116.0691°E Bearingl 102.0

IHeight | 3.4 km Elev I 0.0

Horth I 42.7 Jm 8
|54

East |200.5 km E

* Increasing height with increasing
range
 Scanning elevation
« Even for 0 deg elevation PPI

because of earth’s curvature

Volume .. Range

Scan g

Elevation
Step

Set Home Elevation I
Radar T T

Plant Home

S




v

(L. e o8-

“" HONG KONG OBSERVATORY

Earth’s curvature

Height (km) above radar

P L R S A 7 z
0 las 30 20 15 0 8 6 5 4 3 2

,,,,,, et Elevation

Even at 0 deg PPI, out

+~ _______torange 200 km, height
of beam is 2 km!

0 50 100 150 200 250 300 350 400

Distance (km) from radar

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



Height above MSL (m)

14000 —
12000 —
10000 —
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CAPPI

« Constant Altitude Plan Position Indicator

Height of Radar Beams
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Cross-section

%] WINDOW 1 X 1 480x480 16:18:17 HKT -8

8 - | ) A

@

R c_1 5128
Hgt:3.0 km

Range: 128 km
PPIVOL_*

16:18:17
20 MAR 2013
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Radar Applications in Tropical Cyclone

e Positioning

« Estimation of Wind Strength

 Estimation of Rainfall Rate



TC Positioning

Direct observation

Zero isodop

Use of spiral

Dual Doppler wind products

Use of mosaic imagery
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Direct Observation

22:06:16

23 JUL 2012 HKT

& in mmihr
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all Eat
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Zero Isodop

» Zero isodop, usually white in colour. Wind direction is at right angle to the zero isodop.
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Zero Isodop

n

22:06:16

23 JUL 2012 HKT
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Weak TC - Tropical Storm Barijat

10:00:08

12 SEP 2018 HKT

RFeflectivity i

Himawari-8, 02 UTC, 12 Sep 2018
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Use of Spiral

WINDOW 4 X 1 480x480 22:06:16 HKT

M Example — Vicente

Range:256 kn

PPIVOL_* i WINDOW 4 X 1 480x480 22:06:16 HKT

D506, 16 s‘il
-

5] o] |

Z_1 5 256
Hgt:1.0 km
Range: 256 km
PPIVOL_*

22:06:16
23 JUL 2012

5 ] ] ] |

3]
b
o
=
e
™
o
P
-
0
|51
o
—
w
o
[+4

s MAH_DEFAULT 2 x|

+]
rackiAnnotate Tool
Track Data
poien nad spiral | Last Point of |1 To Target
hagle [6 < LAT F1.1933°0 Rangs | 136 ke

Rotate kj Lost j[ 114.0517°E wrlnq[ 1 dag
Range lm spesd uf[--- | Tima to [-—- ]
Dolate All Points Direct | Timo at |
Bat Targat ““‘nﬁ !& |
8 [recsr spical Winds
= g Plant Target Bot |[-- | Dlamater [---
: Teans ﬁ[--- | Direction [-—-
compute || Rapositioning gpiral




Example - HAGIBIS

©:

WINDOW 2 X 1 480x480 02:05:41 HKT

rite | view | 13 67 ] 57 2] 1] ] sose 2NN |

&

PPI
7_000_512

E1:0.0

Range: 512 km
SURVEILLANCE

I lllﬁll l

02:05:41

15 JUN 2014
glglglgl ﬂlﬂl Best Track

Action add Spiral

Delete All Points

Hame J MAN_DEFAULT

Angle [7 -f\
Rotate cw
e [] 75 50

Set Target

Radar
Plant Target

(21.6N, 116.7E)

— Track Data

Last Point of ,1— To Target
LAT 21.6629°N Range | 275 kn
ON j‘,m Bearing [288 dey |
speed ﬂl---i Time to [---7
Direct [-— | Timeat [-—
Forecast |00:30 Approach [---

Time
==

-~ spiral j]uuﬂ_ T
ans |7.>mt.m|m7

2| x|

Compute |Repos tioning Spiral

/)
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Dual Doppler Wind Products

TMET,CI(3km)

9 11 13 14

15 16 17 18 19 20 21

22123 24 25 26 27 28

29 30 31

13 |- 48 v

0.5 deg V, 64km
0.5 deg v, 128km
1.5 deg v, 64km
1.5 deg V, 128km
¥ £ PPI Dea Vel
1.5 deg V, 128km
v £33 km CAPPL R
57, 64km
SZ, 128km
sz, 256km
LB

v £ Dual Dop.
| SZ_TM (1km)
I szm (3km)
I m_Tc (1km)
| TM_TC (3km)
| sz_TcC (1km)
Ir ._)Eal Dop.(-r‘vTan_WTd)-
| SZ_T™ (1km, -MW)

| TM_TC (1km, -Mw)

|_SzT¢C (1km, -MW)

| | 48 Animation | -

T @
Ty Ty T
Ay el
Ty
Sy e T
Sy
e Sy

1 km ‘Subtract Mean Wind’ Dual Doppler
are also available for monitoring low-level

vortices/convergence.

Fl

015 v ul v

S M T

E3%km CAPFL R
Eakm
128%m
HK-GZ Comp Ref, Z56km
2 PPI Vel
0.3 deg v, 128km

1.2 deg Vv, 128km

¥ EIPPL Dea vel

-

0.3 deg V. 128km

1.2 deg V. 128km

GZ_TH (3km), 110km
GZ_TM (3km). BOKM
GZ_TC (3km), 110km
GZ_TC (3km), sokm
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23.2
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23.6 L‘—._.
“EQ.E 914
23.8
27.0

Tengslien 25.6.2008 04:00 H

'OM/ COH.
HNDOP

_TH

03:57:12
25 JUN 2008
| ] ] 1] )

Dual Doppler
Height: 1 km
SZ_TM

-

WINDOW 2 X 1 480x480 03:57:12 HKT

0 Dual Dopper radars

WINDOW 2 X 1 480x480 04:00:14 HKT

J=

COM/ COH
HDOP
S8Z_TC

billngt:1.0 1
v I Range: 42 Jan

03:57:12
25 JUN 2008

5 o ] | ]
E

Dual Doppler
Height: 1 km

SZ_TC
_|

04:00:14
25 JUN 2008

| | ]
E

Dual Doppler
Height: 1 km
TMS_TCR

g |




Height above MSL (m)

14000 —
12000 —
10000 —
BEIEIEI:—
EEIEIEI:—
4EIEIEI:—

2000} 4

Use of Mosaic Imagery

« Radar beam might be too height to capture the low level circulation center of TC.

Height of Radar Beams

rJy L S LS L/

[r ;s f /L [/ / /]

100000 200000 300000 400000 500000
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Use of Mosaic Imagery

psite Radar Image 3JKM[CAPPI

U000 Animation I~

Otuangzhou O Shantou
RADAR CAPP| FRON CIN-984 PRODUCTS O Mo ghor O iaren
GUANGZTHOT CENTRAL METEOROLOGICAL OBSERVATORY OYangjiang O Shenzhen

GUANGDONG CHINL O=haoguan

? * Mosaic Center
e 23. 320N
'é‘ﬂ-E

113. BE0E

gy
]
-
@n

Typhoon Neoguri
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Use of Mosaic Imagery

TMS+TCR GDMB+SZMB+TMS+TCR

« Useful especially when TC has moved to inland
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Hot Tower

tms_radl

 |dentify hot tower as a
signal for rapid

development of TC . * 123:00:0

c ] 23 JUL 2012 HKT
 Criteria

1. Echo top > 15 km
2. Reflectivity > 20 dBZ
3. Area>=1sqkm

-
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+)
]
o
ot
—
o
G
c
-
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Estimating Surface winds via Doppler winds aloft
Forecasters’ experience indicated that there is a correlation factor between surface winds

and winds aloft during tropical cyclone situations
Correction factor f = surface wind speed/wind speed at upper-level

Study result in Hong Kong => f~ 0.7
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Estimation of central maximum winds of TC

Dealised velocity =
-55m/s

5

Surface equivalent
=55m/s x 0.7
= 38.5 m/s (75 kt)

22:06:24
18 JUL 2009
] 1] ] ]

Match pretty close with

post - analysis of central
max wind 65 kt

Value IW Range Im
LAT Im Slant Im
LON ﬂ'W Bearing IW A _- :

Height [ 1.9 km Elev [ -0.0 = — .
North | 20.3 m N =

East [122.7 km E ® Centre of Molave

Corr Velocity in m/fs
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Estimation of gale radius of TC

Warning ellipse product
SGALE_TMS (Surface Gales) has
been configured on TMS 0 deg

Window 4 X 1 480x480 21:00:15 HKT

v_000_256

Doppler velocity PPI (as well as : | . :; e 0.0
SGALE_TCR on TCR 0.5 deg | | e
Doppler velocity PPI). 4 | e

Surface gale winds = 17.5 m/s - . P < iR 18 JUL 2009

1] 2 ] ] ]
1 km wind speed =17.5m/s / f =
17.5m/s / 0.7 =25 m/s

SGALE_TMS (SGALE_TCR) mark
ellipses of Doppler winds > 25 m/s,
equivalent to surface gales.

w
Tuct
E
=
B
™
M
P
o
5}
~
o
=
a
m
u
=

Ellipses with letters ‘SG’ at centres.

@® Centre of Molave
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Vicente

ity in m/s

=
Vicente - WGL 10-min Mean Wind Speed

35
T E 250
-g- . L -}7”‘1
T 25 b 3% /% -
Q o ol ‘..
4 < et ALY
1'2 20+ 774_53‘-1;’7177 . N SN S |S——
= >’ '] "
z Wy 1
5 152 —= L \ - -
= -{\\M
.=
g 10 +
S
G 5
2

0+ T T 1

20120723 00:00 20120723 12:00 20120724 00:00 20120724 12:00 20120725 00:00
HKT
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Early Alert of Approaching Surface Gales
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Observation

* 14 cases of TC Warning Signals No. 8 or above from 2011 to 2017

 If radar SG warning (associated with inner and solid rainbands but not (i)
outer spiral rainbands or (ii) scattered echoes) appears within 50 km of the

territory, gale force winds would start to prevail locally less than 6 hours.
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Background — S-band Radar Rapid Scan Experiment

At present, the two S-band long-range radar, namely Tai Mo Shan
weather radar (TMSWR) and Tate’s Cairn weather radar (TCWR),
adopt a 6-minute volume scan with 10 elevations from 0° to 34°.

The two radars operate in tandem to provide redundancy in radar
services to internal and external users.

To enhance radar observations, an experiment on TMSWR rapid scan
commenced in 2017.

Scanning strategy: 1 min 1 slice at 0°

Higher elevations data would be complemented by TCWR volume
scan.

Apparent benefits to weather monitoring
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Enhanced observations — Estimation of tropical cyclone intensity

6-min radar imagery animation animation
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Reflectivity in dBz
Reflectivity in dBZ

« TC Hato intensified rapidly into a Super Typhoon when moving towards the coast of Guangdong
on 23 August 2017.
 1-min radar animation shows clearly (i) contraction of TC eye and (ii) increase of angular speed.
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Motion vector fields derived by pattern recognition techniques
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MVF derived using two successive simulated MVF derived using two successive simulated
6-minute volume scan data 1-minute rapid scan data

* Better MVF using 1-minute rapid scan data.
« Suggest possibility to estimate the rotation speed of radar echoes near the eye wall.
+ Time-lag ensemble approach to average out the short-term fluctuation.



Feature Tracking

Average speed near
eye wall = 80 kt




Feature Tracking

POOZ256RS

Task: RS0E0_1S
PRF :576/432
Elevation:0,0
Max Range:256 km

Feflectivity in dBZ

Average speed near
eye wall =90 kt

V.o increased by 13%

ye
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Comparison with the HKO Best Track of TC Hato

Maximum Wind Speed

from HKO Best Track TC feature tracking method

data « More TC cases would be required to

verify if the average moving speeds of
echo features near the TC centre found
0500 HKT, . : db80 lénotso 000508 LKT by feature tracking method could well
‘ 80 knots average speed based on 0500-0508 . .
23 Aug 2017 1-minute rapid scan radar imageries) represent the maximum wind speed near
the centre of a TC.

 The feature tracking method seems to
0930 HKT, db90 Eﬂots provide a good reference in estimating
‘ 97.5 knots (average speed based on 0930-0938 HKT . . .
23 Aug 2017 1-minute rapid scan radar imageries) the TC maximum wind Speed and its
intensity change.

Percentage of
Intensity +22% 13%
Change
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Catastrophic errors near eye wall

« Usually more catastrophic errors near the

eye wall of TC.

* Increases the difficulty to estimate TC
intensity using Doppler velocity

information directly.

« The feature tracking method requires
only radar reflectivity imageries, and

provides another diagnostic method to

{Catastrophic errors E E estimate TC intensity even when the

catastrophic errors are significant
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Weather Monitoring by Radar
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Clutters

VAVAVAVAVA

Land Clutter — mountains, Sea Clutter — waves
buildings, ships, aircraft, birds,
tree leaves, etc
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Doppler dilemma

D — ﬂ Vmax = L
max 9) 4 AT
cA
DinaxVmax = E

Increasing AT will increase D, at the expense of v__
If we choose a low PRF (high AT) to increase the
range, the Nyquist will be small.

If we choose a high PRF (low AT) to increase the

Nyquist, the range detected will be small.

X
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Velocity Folding

Velocity folding (white ellipse) No Velocity folding
(Nyquist velocity = 30 m/s) (Nyquist velocity = 45.9 m/s)



rf. e o8-

“" HONG KONG OBSERVATORY

Range Folding — Second Trip Echoes

3 km CAPPI at 256 km range 0.0 deg TMS PPI at 512 km range

2nd trip at 3 km

CAPPI caused by

rain at distance
== hHeyond 400 km to

Hong Kong’s
southwest

'‘Second Trip Echoes’ in the form of strips (because of alternate PRF)
were caused by rain at a distance beyond 400 kilometres to
southwest of the radar.
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When the air is stable, the microwave from radar which would otherwise
travel in a straight line might bend towards the ground (like mirage). The
reflected microwave would give the radar a false impression of rain.

Usually lots of ‘anaprop’ on radar picture means dry and stable weather!
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weather radar Schematic diagram of Anomalous Propagation
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