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Hands-on Training on Weather Radar QC

* Introduction of JMA Operational system (15min.)

* Quality control algorithms
— Characteristics of non-precipitation echo (10min.)
— JMA methods of Pseudo CAPPI process (15min.)
— Statistical approach for QC (10min.)

« Hands on training (90min.)
— Adjustment of elevation angle composite table
— Making PCAPPI and Statistical data
— Verification of the results

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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JMA's Weather Radar Network
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JMA radar specifications

Frequency 5300 5370 MHz (C-band)
TX type Klystron

Peak Power 250 kW

Pulse Width 25ps 1.0 pus
Pulse
Repetition 330 Hy 600/480 940/752 Hyz
Frequency Hz

(PRF) : |
Aptenna 4 m (Beam Width <1.2°)
Diameter

Maximum Rainfall intensity : 400 km
Range Doppler velocity : 250 km

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Nationwide Radar Composite Maps

C-band Radars
e JMA C-Band: 20
A MLIT C-Band: 26

-~

0

C-band Radar echo data (JMA, MLIT) are
collected to the center system and integrated
into a nationwide echo intensity composite

map( every 5 minutes ) for Monitoring / Nowcasting
MLIT: Ministry of Land, Infrastructure, Quantitative Precipitation
Transport and Tourism Estimation / Forecast (QPE/QPF) etc.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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SIS AT IIIT IS, e

Antenna Transmitter Signal Processor

: Controller :
. Receiver

é[Radar Observatoryj

Waveguide

Radar network system

Communication
Line

&
Data Processor

Monitor Unit
Control and

Remote Control
and Monitor Units

L

Headquarters ]

(Central operation center)

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018



:}ﬂ ‘ WMO/ASEAN Training Workshop on Weather Radar Data Quality and Standar dization

i

Automated QC on radar systems

Radar sites Forecasting
Product Systems

Center System
Nf

Raw data

B Composite map

B Meso-cyclone
detection B QPE

=

B Reflectivity

B Velocity B Another Products B QPF

Side lobe Removal Making products QC at every product
Selective MTI QC on the PCAPPI

MTI map processing process

Interference Removal

Sweep correlation

2Rl Eene Remc(’;’t"’g Quality Control for radar composite

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Basic concept of scanning schedule

* Precipitation

— Low PRF, long pulse (330 Hz, 2.6 micro sec.)
 long distance
« Mainly precipitation

* Velocity

— Dual High PRF, short pulse

(940/752 Hz, 600/480 Hz , 1.1 micro sec.)

« Short distance
 Velocity range is large

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Observation Scan Sequence

Example of Tokyo radar

10-minute volume scannin
<€ - >
25.0
400km-range 400km-range
Low-PRF obs. Low-PRF obs.
(330Hz, 2.6ps) 17.9 (330Hz, 2.6ps)
12.9
9.3 | 10.0
. 6.7 [ \
3.8 [ \ 3.8 4.8 35 , ¢
2.0 1.7 2.0 i 1.7
10 93 03 1107 03 g0 10 93 03 1107 03 g0
\ J \ J
f |
150km-range 250km-range % / \ ifgg{n;al—:;‘ge b
High-PRF obs. Middle-PRF obs. 500480 . 1.1,
(940/752Hz, 1.1us) | = (600/480Hz, 1.1ys) | 150km-range TR (600/480Hz, 1.141s)
High-PRF obs. High-PRF obs.
(940/752Hz, 1.1us) (940/752Hz, 1.1ps) 250km-range (*1)
250km-range (*1) High-PRF obs.
High-PRF obs. (940/752Hz, 1.1ps)

(940/752Hz, 1.1ps) _
(*1) Range Unfolding 3
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Observation Scan Sequence

Example of Tokyo radar
10-minute volume scanning

<€ >
25.0
400km-range 400km-range
Low-PRF obs. Low-PRF obs.
(330Hz, 2.6ps) (330Hz, 2.6ps)
A 10.0
| {4 8 \
3.8 3.8 ’
[ \ 3.5 o5

2.0

1.7
1.0 03 03

150km-range
High-PRF obs.
(940/752Hz, 1.1ps)

11

250km-range
Middle-PRF obs.
(600/480Hz, 1.1us)

250km-range (*1)

High-PRF obs.
(940/752Hz, 1.

1ps)

/

150km-range
High-PRF obs.
(940/752Hz, 1.1ps)

150km-range
High-PRF obs.
(940/752Hz, 1.1us)

250km-range
Middle-PRF obs.
(600/480Hz, 1.1pus)

250km-range (*1)
High-PRF obs.

(940/752Hz, 1.1ps) ”

(*1) Range Unfolding 5
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Primary Data

2011/07/19 17:50 SEEHET 2 —24 (19526, 0. 1) EF U8

\><\/ //_,_ \ /j (a----\,ﬁ)f}'\'/\_' A
SN ; (974 ® N

2011/07/19 18:00 #SEEHEF 97 5- K E

K““-—-______ | / //’ ” .
Unit | Coordinates | Mesh Size Area Number of | Data Size Data Period
Mesh (one mesh) | Format

Each  Echo dBZ Polar 250mx 0.7 400 km 8,192,000 1 byte GRIB2 10 min
radar intensity deg radius

Doppler m/s Polar 250 mx 0.7 250kmor 512,000 0r 1byte GRIB2 10 min

Velocity deg 150 km 307,200

radius

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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CAPPI

« CAPPI stands for Constant Altitude Plan Position Indicator.
* A horizontal cross-section display of a variable at a specified altitude.

Height
A

== Horizontal cross-section
Elevation 4

Elevation 3 Elevation 2

Elevation 1

CAPPI

>
Distance from the radar

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Pseudo CAPPI

« The "no data” regions as seen in the CAPPI (close to and away from
the radar with reference to the selected altitude) are filled with the
data from the highest and the lowest elevations, respectively, in
another form of CAPPI, called "Pseudo CAPPI”".

- As horizontal cross-section

Height Elevation 4
Elevation 3 Elevation 2

PCAPPI

L

Avoid clutter, “no data” region

Elevation 1

«“ ” I
no data” regions (shadowed)

Distance from the radar

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Pseudo CAPPI

e Topography and suitable observation elevation depend on the place of
radar sites.

e Every radar requires this setting for every direction.
This setting for IMA methods of PCAPPI is called “elevation angle
composite table.”
— As horizontal cross-section

Height Elevation 4
Elevation 3 Elevation 2

PCAPPI

L

Avoid clutter, “no data” region

., ) _ Elevation 1
no data” regions (shadowed)

Distance from radar

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018



) ) WMO/ASEAN Training Workshop on Weather Radar Data Quality and Standar il L Bxeess iem s =20

i
I8

BERARCEINBRSIE S

2011/07/19 08:40 EXEET M (R T @)55 5 ZF il
2\ '\ 1';: L3 A

e

APPI

| Pseudo C

15 layers CAPPI

Data Type Unit Coordinates | Mesh Size Number of | DataSize | Data Period
Mesh (one Format
mesh)
Each Pseudo mm/hr  xy 1x1km 500 x 250,000 1 byte Radar 5 min
radar  CAPPI 500 km 1O
CAPPI dBzZ Xy 1x1km 500 x 250,000 1 byte GRIB2 10 min
—_ 500 km —_
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Nationwide Radar Composﬁe Precipitation Intensity

All radaf echo data are collected to the center
system, and nationwide composite map is made.

|| Composite processing ||

v

Low-altitude
reflectivity

of each radar

\/—

Z-R Conversion
(Z=200R1)

2

Quiality control

v

Calibration

Radar-raingauge
processing

Calibration factor
of each radar

v

Combining

(*maximum)

A

a

Nationwide
radar echo
composite data

e

* Intercompare before calibration

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018



) ‘ WMO/ASEAN Training Workshop on Weather Radar Data Quality and Standardization

Hands-on Training on Weather Radar QC

* Quality control algorithms
— Characteristics of non-precipitation echo
— JMA methods of Pseudo CAPPI process
— Statistical approach for QC
« Hands on training
— Adjustment of elevation angle composite table
— Making PCAPPI and Statistical data
— Verification of the results

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Ground clutter

* Echoes due to non-precipitation targets are known
as clutter.

 Clutter can be the result of a variety of targets,
Including buildings, hills, mountains, aircraft and
chaff.

* WMO GUIDE TO METEOROLOGICAL INSTRUMENTS AND METHODS OF OBSERVATION
WMO-No. 8 (2008 edition, Updated in 2010) Part  chapter 9 radar measurements

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Example of remaining ground clutters

&

—_

o € g et il
2012/04/0313:15 | Precipitation

Animation
S

T
- '

Heigh (Abové Sea I:evel)

» With the passage of a low pressure

Niigata radar

system, storms occurred across the
country. In such cases, ground clutters
may not be completely removed.
Careful monitoring is required
because they do not indicate actual
precipitation.

Japan Meteorological Agency
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Sea Clutter

m Sea clutter is observed caused by sea wave or sea spray.

m Because of sea wave motion, suppression by MTI does not
work well.

m For the elimination of usual sea clutters, the radar scans with
high elevation angle are employed to produce the PCAPPI .

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Calmday P~
2011/08/04 —
Typhoon MUIFA (1011) SRR , N
A
- [N

: 1 ‘.'\\"t \‘
Reflectivity factor
0.1deg

Okinawa radar

J,_};‘

p011/08/04 04:30 Reflectivity factor ~ 2o11/08/04 04:30  Reflectivity factor 011/08/04 04:30 Reflectivity factor
0.1deg 0.2deg 0.6deg

 In windy situations, the sea spray may be observed at low
elevation angles.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Anomalous propagation

The variation of refractive index in the ait
refracts the radar beam below. This kind
of refraction is known as the anomalous
propagation.

The anomalous propagation produces
some false echoes, in most cases as sea
clutter.

An example of non precipitation echo
due to anomalous propagation

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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AP case of JMA radar

« Jun/2/2014

« Because of inversion layer
* Observed by
Murotomisaki radar

[2014/06/02 (9:55 | Precipitation

= Murotomisaki radar

Japan Meteorological Agerfoq{4,/06,/02 (09:55 —recipitation Bangkok, Thailand, 5-13 February 2018
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Echo at upper altitudes

- upper-air echoes -

eChO!/@ m The radar echo is
,\nO echo!  sometimes observed only
i % at upper altitudes.
L

In this case, the liquid
drop is completely
vaporized during its
falling, so precipitation

don’t reaches the ground.

Upper-air echo

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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cross-section view of start(N34.66 E137.59) - end(N36.32 E140.85) at 14h00m 2006/10/3
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CAPPI image at an altitude of 6 km(left)
and cross section(right)

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Various Types of Electromagnetic Noises

= The sun generates noise

Sun noise

m The interference comes from artefactual electromagnetic

sources.

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Examples of interference

Echo Intensity Echo Top ]
&
. (1 R
y v _
b B G
-\‘\ { e
- st :
- .":._-1 N %} M:&
L (5
o, W
......... I:|:| m—;'lu 1i2 1?—- km{e-top) 2006/03/03 0700JST
Interference from another radar Interference from moving body

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Importance of Case Accumulation

It Is Important to accumulate cases of anomalous
echo.

* It will be very useful for QC.

* The materials should include Meteorological
Information such as
« Weather charts
« Various observations (AWS, sonde, satellite, radar...)

Case Accumulation

v
Improvement plan

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Hands-on Training on Weather Radar QC

* Quality control algorithms

— JMA methods of Pseudo CAPPI process
— Statistical approach for QC
« Hands on training
— Adjustment of elevation angle composite table

— Making PCAPPI and Statistical data
— Verification of the results

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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JMA way of Pseudo CAPPI

PPI at the elevation -0.1 degree

T
-

JMA way of Pseudo CAPPI

—_—
N ]{\’( 7 './ $
[®] '}F\"“‘-}\ i, X

.

~| A

5;‘“’ 4

——=
)
)

T4
R
%’E, A\

JMA methods of Pseudo CAPPI (PCAPPI); height is about 2 km by using
several PPIs at low elevation angles.

This data can remove sea clutters and also ground clutters.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Elevation angle composite table

Elevation angle composite table is parameters
for making Quality Controlled CAPPI data

« Selecting an optimal elevation angle
located near 2 km altitude in each
place

« Avoiding an effect of ground clutter

2000

m |  Cross sectional view of radar beam

[rn]

G000

<Elevation> =
(1) 0.0deg (2) 0.3deg (3) 0.7deg 7974-4—24%
(4) 1.1deg (5) 1.7deg (6) 2.5deg

a
I a0 100 150 200 ME(krn] 250 —
Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Data processing flow for PCAPPI

Radar data in grib2 (r, ©) by elevation angle

Creation EIL QC process }..l........................

= | Compositing PPIs at several elevation angles
\
Coordinate transformation

Minimum rain rate

Elevation angle | 1 E
composite table 4 Y r
1 Isolated echo removal .

. .- 1 \4 b
sitelowmake.ini I € Noise cut -
. v 3

: Clutter map .

] v L

A methods of PCAPPI in (X, Y)
\2

Called El L Compositing XY data of all sites

Echo Intensity at the \
Lowest level

Nationwide echo intensity composite map

3 Bangkok, Thailand, 5-13 February 2018
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[47695]
elangles=3.8,2,1.0,0.3,1.7,1.1,0.7,0.3,0.0,25.0,17.9,1

Param ete rS 2.9,9.3,6.7,3.8,2.0,1.0,0.3,4.8,3.5,2.5,1.7,1.1,0.7,0.3,
0.0

E use_angle_ 10a=0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

X.) 1,1,1,1,1,1

code=A5

ename=tokyo

offx=20

offy=20

n0=51.1

noise_cut=704

rain_cut=33

iIso_window=5

ISsO_count=5

smooth_r=100

smooth _t=10

clutl file=CLUT¥"aa¥" 00_1

clutl_type=3

clutl wx=3

clutl wy=3

clutl count=0

clut2_file=

clut2_type=3

clut2_wx=0

clut2_wy=0 S

clutl count=0 i

oo sitelowmake.ini
eta=1.6

Japan Meteorological Agency %
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Range
1km

Smoothing around border of composite table

T
Elevation

[

I
IR
'\1/'

7x11=77 meshes
Y P O |
LT 1T 11

[
Elevation 2

14x11=154 meshes ||
inmaEN

Azimuth 0.1 degree

Elevation 1 is 77 meshes 30dBZ
Elevation 2 is 154 meshes 50dBZ
Elevation 3 is 210 meshes 35dBZ

Smoothing around border of
elevation angles to avoid
discontinuity at connection in
elevation angle composite
process.

The smoothing areas is 10km
around border.

We count the number of meshes
every angle, and use them as
weight for the averaging
intensities.

The left figure shows an example.

Smoothed

77*107(30/10) + 154*10°(50/10) + 210*10°(35/10)

intensity ~

36601.08

441

Logarithmic value, 10 * log 36601.08 45.63 (dBz)

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Smoothing

Test
Without smoothing After smoothing: 1 After smoothing: 2

The weights are calculated
: 100 km in range direction
: 10 degree in azimuth direction

The weights are calculated
: 10 km in range direction
: 1 degree in azimuth direction

smooth_r=100 : range for smoothing (km*10)
smooth t=10 : azimuth for smoothing (deg*10)

7 Bangkok, Thailand, 5-13 February 2018
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Transformation from

Polar coordinates to X-Y coordinates

o Primary data (PPl in polar coordinate (R, 6, ¢

)) are transformed to X-Y

coordinates(X, Y, ¢) with a spatial resolution of 1km, and an area of 500km x
500km square X-Y coordinates.

(I

X-Y coordinates(0,0)

The nearest bin in polar coordinate is applied for each mesh in X-Y coordinate.
This can reduce data size of huge primary data and make them be easier to use.
4

XY Processing
region
(500km x 500km)

XY data center

v

Radar s'tation

N

X-Y
coordinates(499,499)

Japan Meteorological Agency
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|Isolated echo removal

o Removing the isolated echoes caused by ground clutter,
ships and aircrafts.
o In the 55 meshes, the number of meshes of which intensity

IS larger than zero is counted except of the target center
mesh.

o If the number is below a threshold, the intensity of the mesh
IS set to zero. If not , it will remain.

Number of
meshes in the

area is fsur.

The reflectivity

will be set to
Ex.) zero. iso_window=5
Threshold 5 : number of

Number of meshes on a side

meshes in the of considering

area is five. area

‘ Iso_count=5
: threshold
The reflectivity
will remain. 7

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Noise cut

m In this process, echo intensities below a threshold

are set to zero, 1.e, No Echo.

m This threshold depends on each radar.

noise_cut=704

threshold (dBZ*100)

4

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Clutter map

Clutter map is used when process like MTI could not eliminated clutter.

A clutter map has thresholds to delete echoes or values from the
observed echo intensities.

Nr=Ns+10*log(1-10((Ng-Ns)/10))

Ng clutter map value(dBZ)

Ns reflectivity before
subtraction(dBZ)

always less echo case Nr reflectivity after
subtraction(dBZ)
cut decrease| | cut decrease C(')%tll_f“e=CLUT¥"aa¥"
1 1 E:Iut_l_type:S

< > clutl wx=3
> dBZ ¢ clutl_wy=3
clutl _count=0
Z

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Example of the impact of clutter map
processing on QPE data

1-month accumulated QPE data We applied clutter map to
forMay 2006 (before aplylng clutter map) meshes which shows
HEmEa= extremely high value
seSEERRece=EEss compared to the surrounding
s===cscasd meshes decreased.

1- month accumulated QPE data
for May 2007 (after applying clutter map)

Clutter map as of June
2006 (red meshes)

Quantitative Precipitation Estimate (QPE) : Radar/rain-gauge analyzed precipitation
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Minimum rain-rate

o Minimum rain-rate Is a process for cutting low level
value after clutter map process.

o If the Nr is below a minimum rain-rate,
the Nr Is set to zero (No Echo)

;f.:;\in_cut:33 : threshold
(mm/h*100)

Nr reflectivity after

subtraction(dB2) 7

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018



1) @ WMOIASEAN Training Workshop on Weather Radar Data Quality and Standardization

Features of each algorithm

Elevation angle
composite table

Noise cut
Minimum rain-rate

Clutter map

Selected angle
Area:(r,theta)

Low level cut
Area : all

Level cut(set)
Area : mesh

Sea clutter
Ground clutter

Low level noise Low level echo
Ground clutter Remove precipitation
(enable to remove echo

by MTI) (Labor for setting)

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Summary of EIL process

o EIL process contains many quality control methods.

o In order to create Cartesian data with good quality
(less clutter and less noise), we need to set various
parameters adequately.

O Removing non-precipitation echo has a possibility
also removing precipitation echo.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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i

Hands-on Training on Weather Radar QC

* Quality control algorithms

— Statistical approach for QC
« Hands on training

— Adjustment of elevation angle composite table
— Making PCAPPI and Statistical data
— Verification of the results

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Statistical approach for QC

Statistical method is effective way to understand the
guality of radar data.

JMA uses the statistics for quality control.
* Appearance count
« Summation
Make every sites, angles and lowest.(monthly)

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Appearance Count

« Count over Imm/h precipitation intensity
calculated from dBZ, B, and beta.

KRB data=1522: appearance countelevation:1=1.12

* The appearance clarifies
: continuous weak echoes

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Summation

e Sum up precipitation from radar data.

* "Appearance count” can't detect clutter or high
Intensity echo, but summation can detect these
things.

« That would be clear using summation data.

* The summation of precipitation from clutter
affects QPE. Zy/( e

‘ ':' MR L o

'l

= 2
),

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Target

» Every elevation’s observation

To understand the characteristics of observation at
each elevation.

* EIL (Echo Intensity at the Lowest Level)
To understand the characteristics of products.
- Shadowed area
- Observable area
- Low quality area

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Each Data(observation time) Statistical Data

KRB data=1522: appearance countelevation:1=1.12

Every

KRB elevatlon—], 09 20

/06 07:47 355(UTC) _ 4pz

L

2014/08/01 00:17 33s - 2014!08)‘25 23:47 25s(UTC)

(=Tl SN EFIREV - NE-R.

krabi radar -
53 20144 08/ 05

v
328

Japan Meteor

krab1 data=1522: summation
2014/08/01 00:17 355 - 2014/08/25 23:47 25s(UTC)

ry 2018
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In Statistical program

» Use average instead of Summation
— Equivalent ( with using data count)

i —]
Summation — Average Data count

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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How to detect clutter

Various type of clutter exists but ...

« Advantages
— Average
» Merely but strong

— Appearance
* Weak but continuous

Appearance = 1

Precipitation case is not so suspicious
Appearance = 6

Average =3

time

Average — 35 suspicious
27 Type of ...
1 | Clutter caught merely but strong
0 00000
time
Appearance = 6 suspicious
Average =1
Type of ...

Clutter caught weak but continuous

111|111I

time

1°~]



+ 0.2 deg is operation. et Operation
(observational product)

0.6 deg test decrease the
clutter.

1.2 deg test also decrease the
clutter ,but decrease real
precipitation echo.

ebruary 2018
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Summary of Quality control

m Anomalous echo is too intense echoes compared with
the actual precipitation area. Such as,

o Ground clutter
o Sea clutter
o Anomalous propagation ... etc.

m Complete elimination is impossible by automatic
processing

m System operators must check such echoes
m Case accumulation contributes to QC

Thank you for your attention !!

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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e
L
— —

Hands-on Training on Weather Radar QC

« Hands on training
— Adjustment of elevation angle composite table
— Making PCAPPI and Statistical data
— Verification of the results

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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JMA methods of Pseudo CAPPI

PPI at the elevation -0.1 degree JMA methods of Pseudo CAPPI

e TR

bt ) T -

JMA methods of Pseudo CAPPI (PCAPPI); height is about 2 km by using
several PPIs at low elevation angles.

This data can remove sea clutters and also ground clutters.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Elevation angle composite table

Elevation angle composite table is parameters for making Quality

Controlled CAPPI data

T

« Selecting an optimal elevation
angle located near 2 km altitude in
each place

« Reducing effect of ground clutter

2000

m | Cross sectional view of radar beam

[rn]

G000

<Elevation> =
(1) 0.0deg (2) 0.3deg (3) 0.7deg 2000%2_',%
(4) 1.1deg (5) 1.7deg (6) 2.5deg

a
I a0 100 150 200 ME(krn] 250 —
Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Targets of Hands-on training

« To experience benefits of IMA's Pseudo CAPPI process

- By adjusting elevation angle composite table

« To realize importance of statistical data
- By verifying statistical data

This practice will give answers to questions below;
- How PCAPPI process can improve data quality?

- How we find out a better way of QC with statistical data?

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018



Technical cooperation with TMD (Tokyo, Nov 2014)

Adjustment of Composite Tables
(2014 Aug, Phisanulok radar site)

Statistical PCAPPI data

Appearance Count ~Summarized data

DL a o AT i ARRearance coult oas(UTC) 014/08/01 00:15 0ds - 2014/08/25 11:45 04s(UTC)

Composite table

AdJ UStl ng Com pOSIte table hifganulok data=1429: appearance count

1/08/01 00:15 O4s - 2014/08/25 11:45 04s(UTC)
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Data processing flow for PCAPPI

Radar data in grib2 (r, ©) by elevation angle

Creation EIL QC process }..l........................

= | Compositing PPIs at several elevation angles
\
Coordinate transformation

Minimum rain rate

Elevation angle | 1 E
composite table 4 Y r
1 Isolated echo removal .

. .- 1 \4 b
sitelowmake.ini I € Noise cut -
. v 3

: Clutter map .

] v L

A methods of PCAPPI in (X, Y)
\2

Called El L Compositing XY data of all sites

Echo Intensity at the \
Lowest level

Nationwide echo intensity composite map

3 Bangkok, Thailand, 5-13 February 2018
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“radar-library.jar”

« Executable binary

* Written in java and Compressed in “jar” (Java ARchive)

« Contains decoding, encoding, data processing,
coordinate transforming, and data viewing programs.

* Runnable in command for every purpose

* We use windows batch files today for simplicity.

More information about this program is in...
_references

(B How to use Practice Programs.pptx

£

radar-library.jar

clut
cp
pcappi
pcappiview
RawData

, statistics
thl

[E 1.MakeTablePng.bat

= L

[@) 3.Statistics pcappi.bat

|« radar-library.jar |

1 | sitelowmake.ini

=
| statistics.json

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Radar data and parameter file

]

] ) Ly
avan e A 9""-’“ BHARU pred e Sl e 9 3
AlonesvAn S . e :
< \.,' . £ 4 4 [ SANDAKAN
Ty ; A KUANTAN {p e
BUTTERWORTH® »7 . 1 7N § o
g8 MR 7 A
.

KUCHING . » BINTULL . &

"y
. 3
x — =L

w8 )
BUAVC R QN (B KLUANG iy

Butterworth site RAW data (IRIS format)

Data period : 1 day (17 Dec, 2014)
Elevation angles for PPI: 0.0, 0.7, 1.5, 2.5

[Butterworth]
elangles=0.0,0.7,1.5,2.5
use _angle=1,1,1,1
code=BW
ename=Butterworth
offx=0

offy=0

n0=54.3
noise_cut=6
rain_cut=3
Iso_window=5
iIso_count=5
smooth r=41
smooth t=3

sitelowmake.iniJ

, RawData

1 | sitelowmake.ini

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Composite table(CSV file)

« Composite table shows angles used in each area.

agButterworth.csv(simple CAPPI)

| thl
‘ 360, 0, 2.5, 60, 1.5, 85, 0.7, 150, 0, 300 L :
(£L] agButterworth.csv
Azimuth(deq), Distance(km), Angle (deg)
Buterrt o ° Simple CSV(Comma-Separated Values)

 this file means...
for 0-360 azimuth (for all around),
use 2.5 angle PPl data for 0-60 km,
use 1.5 angle PPI data for 60-85 km,

- use 0.7 angle PPI data for 85-150km,

: use 0.0 angle PPI data for 150-300km

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Preparation: Operation check
J cut

Adjust composite table I

poappi
\1, pcappiview

Make PCAPPI RawData

statistics

v thl

HP i [%] 1.MakeTablePng.bat
Make statistic [Z] 2.MakePCAPPLbat
\1, [&] 3.Statistics_pcappi.bat
S - 3% Radar Beam Visibility Map_Cross Section Chart. pptx
Verification e
| b sitelowmake.ini

I statisticsjson

At first, We do operation check of these batch files.

Please call JMA staff if you're in trouble.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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1.MakeTablepng.bat

java -cp radar-library.jar PCAPPITableToPNG ./tbl/agButterworth.csv

- MakeTabIepng.batJ‘
classname
thl agButterworth.csv
- L] agButterworth.csv l PCAPPITableToPNG
M agButterworth.csvpng | ¥V o
R agButterworth.csvBH.png T
agButterworth.csv.png agButterworth.csvBH.png

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Composite table: Simple CAPPI(2km)

ag(deg)

2:5
1.5
0.7
0

Butterworth Butterworth beam heiaht

—
\)l\.h\ha

_.
HE EEE ]
e L e e B R R

Vo w W wh W h A

Angle Beam Height

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018



«ﬁzj ‘ WMO/ASEAN Training Workshop on Weather Radar Data Quality and Sandardization

2.MakePCAPPI.bat

for %%i in (/RawData/BW*) do (
java -cp radar-library.jar JIMAPCappiMain -envfile=./sitelowmake.ini -tbldir=./tbl
-destdir=./pcappi/. -clutdir=./clut ./RawData/%%i -gz
)
for %%i in (./pcappi/*) do (
java -cp radar-library.jar PCAPPIView ./pcappi/%%i -dest=./pcappiView/.
-colorPallet=./cp/dbz_color.txt

) MakePCAPPI.bat
zrV
RawData parameter files PCAPPI
RawData thi pcappi
; || RCAPBW20141217000000N302N.gz
| ] BW1141217080004.RAWYXTZ |_ @ agButtEﬂqgrth_ggn; || RCAPBW20141217001000N302N.gz
|| BW1141217081013.RAWYX98 teinfo.ii > || RCAPBW20141217002000N302N.gz
| | BW1141217082005.RAWYXGP wF | SICBINTO.ITH . . I
D) BWLL41717083005 RAWYXAS o] JMAPCappiMain || RCAPBW20141217003000N302N.gz
£ | sitelowmalke.ini ‘L PCAPPIView
clut (dummy files) Png files
Ep pcappiview

B RCAPBW20141217000000MN302N.gzZ.png
B RCAPBW20141217001000M302N.gz.png
B RCAPBW20141217002000M302N.gz.png
B RCAPBW20141217003000M302N.gz.png

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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PCAPPI data

. pcappi . pcappiView

Butterworth radar
2014/12/17 12:00:00UTC

Filename
| | RCAPBW20141217000000N302N.gz
| | RCAPBW20141217001000N302N.gz
|| RCAPBW20141217002000N302N.gz
|| RCAPBW20141217003000N302N.gz
. | RCAPBW20141217004000N302N.gz
| | RCAPBW20141217005000MN302N.gz2
| | RCAPBW2014121/010000N302NM.g2
| | RCAPBW20141217011000N302N.gz
| | RCAPBW20141217012000N302N.gz

Details of the formatis in ...

. _references

(BH] IMAPCAPPIFormat.pptx

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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3.Statistics pcappl.bat

java -cp radar-library.jar StatisticsMain -ini=statistics.json -name=pcappi -start=201412170000
-end=201412180000

java -cp radar-library.jar StatisticsView ./statistics/pcappi Statistics pcappi.bat l

PCAPPI Statistics(csv)

. statistics
pCappl

@ Butterworth_pcappi_201412170000_201412172350_Butterworth_APPEARANCE.csv

j— :iizxis1:1212332333:23;:'91 (L) Butterworth_pcappi_201412170000_201412172350_Butterworth_APPEARANCE_header.csv
.gz

— RCAPBW20141217002000N202N . ) @ Butterworth_pcappi_201412170000_201412172350_Butterworth_AVERAGE.csv
Kirs

— J . . (L) Butterworth_pcappi_201412170000_201412172350_Butterworth_AVERAGE_header.csv

|| RCAPBW20141217003000N302N.gz StatIStICSMaI n

parameter file -
StatisticsView

|%#| statistics.json

"filename":"./pcappi/RCAP*'yyyyMMddHHmMmMss'N302N.gz", .
"sek": "10", Png files
"calculation™: "DBZtoRAIN", o

"outdir";" /statistics/pcappi/."} statistics

Ra| Butterworth_pcappi_201412170000_201412172350_Butterworth_APPEARANCE_header.png
| Butterworth_pcappi_201412170000_201412172350_Butterworth_AVERAGE_header.png

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Statistics: Simple CAPPI(2km)

peappi Butterworth APPEARANCE scale 100 =139.0
2014412117 00:00-2014,’12"1_7 23:50(UTC) data : 144

peappi Butterworth AVERAGE scale 100 =1.1348299
2014/12117 DU:DO~2014!12’_1_7 23:50(UTC) data : 144

noisy ‘a Moy 2 shadowed area

Appearance | Averagg

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Flow of the practice

clut
cp ‘l'
peapp Adjust composite table
pcappiView \l'
RawData
| statistics Make PCAPPI
tbl ¢
[& 1.MakeTablePng.bat
] 2.MakePCAPPLbat Make statistic
[£5] 3.Statistics_pcappi.bat ‘1'
|=| radar-library.jar L i
4 | sitelowmake.ini Verification
|#| statistics.json |

« Let's adjust composite table to avoid obstacle.

« Radar Beam Visibility map and Cross Section Chart are useful.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Radar Beam Visibility Map
and Cross Section Chart

* In this case(azimuth= 0.0 deg, 0.0deg means due north),
we should not use 0.0 degree angle data because the beam is blocked.

Map Cross section
Color: Butterworth Butterworth, azimuth = 0.0 (deg) Black:
altitude e radar beams
warm is low g ' for each
cold is high elevation
S angles
Gray: Red:
sea C’ beams for
Black: s cappi(2km),
ranges of < land surface
radar beam _ ignored
V|s.|b|I|ty at § Blue:
heights of 1 e~ .
: ] | | , limitation of
km, 2km ...
from inside % 100 150 200 250 radar beam
distance (km) V|S|b|||ty
Brown:
Japan Meteorological Agency Bangkok, Thaild  land surface
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How to avoid obstacles

* Check the beam blockage with cross section chart

- Beams below the limitation line(blue line) are blocked by land surface.
- We should not use the angle which beam is blocked.

« Edit composite table (agButterworth.csv)
- Adopt the higher angle instead of the angle which beam is blocked.

« Edited composite table will give us more better PCAPPI data.

e Let's try with me.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Check the beam blockage

Butterworth

L]
Lo ]
(o'
2km
[ ]
=]
. L.5km
£
)
— [ ]
Z
@ 1km

-100

-200

I I I I
-200 -100 0 100 200

W-E (km)

« We focus on south eastern part.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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)

azimuth = 100 deg azimuth = 110 deg

0 50 100 150 200 250 0 50 100 150 200 250
distance (km)
azimuth = 120 deg
* In 100 - 120 degree azimuth,
We should not use
E ©
£ 7 angle PPI data.

T T T T T T
0 50 100 150 200 250

distance (km)

Japan Meteur uivyican Agericy Bangkok, Thailand, 5-13 February 2018
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Exercise 1

, bl
. Exercise_1
=] agButterworth.csv
100 0 25 60 15 85 07 150 0 300
120

360 0 25 60 1.5 80 0.7 150 0 300

Azimuth(deq), Distance(km), Angle (deg)

» Fill in the blanks and complete composite table.
If you finished, then copy this file to upper folder, and overwrite the old table.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Edited composite table

agButterworth.csv(modified)
100, 0, 2.5, 60, 1.5, 85, 0.7, 150, 0, 300
120, 0, 2.5, 60, 1.5, 300
360, 0, 2.5, 60, 1.5, 85, 0.7, 150, 0, 300

Azimuth(deq), Distance(km), Angle (deQg)

Butterwgith ag(deg)

; » Edit agButterworth.csv

OO =M

and execute MakeTablepng.bat,

then you can check your table by png file .

* In this case, | added lines to stop using
0.7 and 0.0 angle data for 100-120 azimuth.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Check the beam blockage

Butterworth

200

2km

100

SN (km)
0

-100

-200

-200 -100 0 100 200

W-E (km)

* Next, We focus on south western part.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Exercise 2

) thl

. Exercise_2

(=L} agButterworth.csv

20 0 25 60 1.5 300
80 0 25 60 15 85 0.7 300
100 0 25 300
120 0 25 60 1.5 300
170 0 25 60 15 85 0.7 300
210 0 25 60 15 8> 0.7 130 0 300
220 0 25 60 15 85 0.7 300
240
260
270 0 25 60 15 8> 0.7 300
320 0 25 60 15 8> 0.7 130 0 300
360 0 25 60 15 85 0.7 300

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018



azimuth = 240 deg

w w
=+ -
§” E "
E 5
S B
= o F =4 o
o (=]
b 1 1 T T T
0 50 100 150 200 250 0 50 100 150 200 250
azimuth = 250 deg azimuth = 260 deg
w w
b3 =
£ ” £ ”
2 £
® B
- o £ o
L=] (=]
] I I I I I
0 50 100 150 200 250 0 50 100 150 200 250
distance (km) distance (km)

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Composite table(considered obstacle)

Butterworth — Butterworth beam heiaht
{g % % 2.5 {} ¥
Ly 5 ‘ ;
. 0‘7 ; _ . B 5
P ‘ 0
' 5

w

HE EBEED
e e R e e B R -

WoLh w v wh W A A

Angle Beam Height

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Flow of the practice

clut
cp ‘l'
‘ peapp \ Adjust composite table
pcappiView \l'
[T RawbData |
| statistics Make PCAPPI
tbl ¢
[& 1.MakeTablePng.bat
[G] 2.MakePCAPPL bat Make statistics
4] 3.Statistics_pcappi.bat ‘1'
|=| radar-library.jar L i
= | sitelowmake.ini Verification
|#| statistics.json |

« Let's make PCAPPI by new composite table.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Flow of the practice

clut
cp ‘l'
pappi Adjust composite table
pcappiView \l'
RawData
| statistics Make PCAPPI
tbl ¢
[& 1.MakeTablePng.bat
@] 2.MakePCAPPLbat Make statistics
[€] 3.Statistics_pcappi.bat ‘1'
|=| radar-library.jar L i
4 | sitelowmake.ini Verification
|#| statistics.json |

* Next, To make statistical data, Execute Statistics_pcappi again.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Flow of the practice

clut
cp ‘ll
pcappi Adjust composite table
pcappiView ‘1’
RawData
| statistics Make PCAPPI
thl ‘1’
[@ 1.MakeTablePng.bat
] 2.MakePCAPPLbat Make statistics
[ 3.5tatistics_pcappi.bat ‘1'
|=| radar-library.jar o )
2 | sitelowmake.ini Ver|f|Cat|On
|#| statistics.json |

» Verify the result of statistics from remade PCAPPI.
* |tis important to verify the adjusted data.

« Because, there might be a case in which the adjusted affect might
have low quality data.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Statistics: PCAPPI (considered obstacle)

peappi Butterworth APPEARANCE scale 100 =140.0
2014/12/17 DP:OOQOMFI};"I_T 23:50(UTC) data : 144

-

peappi Butterworth AVERAGE scale 100 =1.7425351
2014/12/17 00:00-2014/12/17 23:50(UTC) data : 144
% (value/max) e ) " aih '

Appearance Average

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Statistics: Simple CAPPI (2km)

peappi Butterworth APPEARANCE scale 100 =139.0
2014412117 00:00-2014,’12"1_7 23:50(UTC) data : 144

peappi Butterworth AVERAGE scale 100 =1.1348299
2014/12117 DU:DO~2014!12’_1_7 23:50(UTC) data : 144

noisy ‘a Moy 2 shadowed area

Appearance Average

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Statistics: PCAPPI (considered obstacle)

peappi Butterworth APPEARANCE scale 100 =140.0
2014/12/17 DP:OOQOMFI};"I_T 23:50(UTC) data : 144

-

peappi Butterworth AVERAGE scale 100 =1.7425351
2014/12/17 00:00-2014/12/17 23:50(UTC) data : 144
% (value/max) e ) " aih '

Appearance Average

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Mirror image

Mirror imag

Building
(mirror)
b

T
Doppler velocity

radar
Reflectlwty

2016/06/21 12:38

2016/06/21 12:35

True weather ech o

Bangkok, Thailand, 5-13 February 2018

Japan Meteorological Agency
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Raw Data Statistics(0.0deg

Butterworth_0_300.0BW _iris APPEARANCE scale 100 =140.0 Butterworth_0_300.0BW _iris AVERAGE scale 100 =3.5597873
2014/12/17 00:00-2014/12/17 23:50(UTC) data : 144 2014/12/17 00:00-2014/12/17 23:50(UTC) data : 144
% B %o (value/max) %' L\ %o (value/max)
. - S B =1 > 90 . o ’ . I
A e g s 20 =3 5 g 20
« ;i e ;i
C - 0 2
: : > 45 s 3 65
0 60
55 55
50 50
45 45
40 40
35 35
0 30
25 25
20 20
15 15
: 12 12
10 10
' 7 7
5 5
4 q
3 . i
4 H 4 F
1 1
0 0>

Appearance Average

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Raw Data Statistics(0.7deg)

Butterworth_0.7_300.0BW _iris APPEARANCE scale 100 =144.0
2014/12/17 00:00-2014/12/17 23:50(UTC) data : 144

Appearance

Butterworth_0.
2014/12/17 00:

¥

300.0BW _iris AVERAGE scale 100 =3.808475
-2014/12/17 23:50(UTC) data : 144

L

Average

Japan Meteorological Agency

Bangkok, Thailand, 5-13 February 2018
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Raw Data Statistics(1.5deg)

)

Butterworth_1.5_300.0BW _iris AVERAGE scale 100 =2.6529007
2014/12/17 00:00-2014/12/17 23:50(UTC) data : 144

Butterworth_1.5_300.0BW _iris APPEARANCE scale 100 =144.0
2014/12/17 00:00-2014/12/17 23:50(UTC) data : 144

{E% '- .‘I}ﬂf. O

%

i

IAb

Fl

!

Appearance Average

Bangkok, Thailand, 5-13 February 2018
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)

Raw Data Statistics(2.5deg)

Butterworth_2.5_300.0BW_iris APPEARANCE scale 100 =144.0 Butterworth_2.5_300.0BW _iris AVERAGE scale 100 =1.460051
2014/12/17 QD:OO-ZOMHZMT 23:50(UTC) data : 144 2014112/17 qn:on—zomnzm 23:50(UTC) data : 144

@ ¥ %} i .

-

i

Appearance Average
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Next Challenge: Avoid mirror-image
¢

Adjust composite table

\
Make PCAPPI

v

Make statistics

v

Verification

 Statistical data revealed that PCAPPI is partly contaminated by mirror-image.
« To remove mirror-image, let's adjust composite table again.

Japan Meteorological Agency Bangkok, Thailand, 5-13 February 2018
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Exercise 3
20 0 2.5 60 1.5 300
80 0 2.5 60 1.5 85 0.7 300
100 0 2.5 300
120 0 2.5 60 1.5 300
170 0 2.5 60 1.5 85 0.7 300
190 0 2.5 60 1.5 85 0.7 150 0 300
200
210 0 2.5 60 1.5 85 0.7 150 0 300
220 0 2.5 60 1.5 85 0.7 300
240 0 2.5 60 1.5 300
260 0 2.5 300
270 0 2.5 60 1.5 85 0.7 300
350 0 2.5 60 1.5 85 0.7 150 0 300
360 0 2.5 60 1.5 85 0.7 300

Japan Meteorological Agency
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Composite table: PCAPPI
(avoid mirror-image)

Butterworth —— Butterworth beam heiaht
{g% 25 {}? &
A 3 ‘ ._ ;
‘ 07 3 5
¢ Y 0
2 5

w

HE EBEED
e e R e e B R -

WoLh w v wh W A A

Angle Beam Height
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Statistics: PCAPPI(avoid mirror-image)

peappi Butterworth APPEARANCE scale 100 =140.0
2014/12/17 0?‘.00-20144’1‘2_;"-1_7 23:50(UTC) data : 144

F

DURIN Vs

Sy .y - JE A

=% 4

Appearance

peappi Butterworth AVERAGE scale 100 =1.7425351
201412117 09:00-2014”13!‘1._7 23:50(UTC) data : 144

Average
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Result

Composite table

peappi Butterworth APPEARANCE scale 100 =140.0 peappi Butterworth AVERAGE scale 100 =1.7425351
20041217 UF:DWZDIQ’:{’JT 23:50(UTC) data : 144 20141217 BF.DO-ZQ\ldilyp‘ 23:500UTC) datan ; 144

Japan Meteorological Agency P == p_ =k 2 _18
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National composite map
| 17 D!EC. 2014 OO:OOUTC

X

Quality of composite map depends on quality of each radar’s EIL.
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International Radar Composite Imagery

26 JAN. 2018 00:00UTC
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With Satellite Image
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Summary

m In order to create Cartesian data with good quality (less
clutter and less noise), we need various processes.

m However, it iIs impossible to completely eliminate
anomalous echoes by automatic processing.

m Radar data quality control should be done through whole
radar systems.

m Accumulation and careful investigation of radar data will
Improve QC results.

Thank you for your attention !!
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