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Quality Control of Radar and QPE Calibration with Rain Gauge
in Malaysia Using JMA Techniques

Fauziana Ahmad, Mahluddin Sahrin, A. Kamiluddin Hj. Ibrahim, Asmadi Abdul Wahab,
Ismail Alias, Maqrun Fadzli Mohd Fahmi, Mohd Hafizi Mat Yasin

Abstract

The sources of radar errors in term of meteorologicahangneteorological can be eliminated
using quality control algorithms and techniques. The techniques and software that provided by
JMA are successfully improved the MMD raw radar data. The techniques that have been
implemented are beam blockage analysiatistical approach, removing interference and
clutter, clutter map and adjustment of radar rainfall intensity and coverage. The radar data of
MMD are improved by applying those techniques. After improving the raw radar quality, the
QPE calibration with riagauge is needed to obtain the accurate radar rainfall estimation. JMA
introduced two type of calibration which are first and second calibration respectively focused
on the calibration over the whole radar observation range and calibration over landaifihe
aspect to obtain the accurate radar rainfall estimation is using the dense of rain gauge data. It
is recommended to study more about the adjustment of radar rainfall for improving the
precipitation estimation.
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1. Introduction

Weather radaguality control is emphasized to obtain the accurate radar rainfall estimations.
These stated problems will be affected the quality of raw dasgussion by(Jan Szturc,

2012) the performance of radars are burdened by tineber of errors from different source

in term of meteorological and technical problems. Hardware errors are related to electronic
problems, antenna accuracy and digital signal processing. Interference could be happened due
to the sun and other microwavenigters. The attenuation problems caused by the wet covered
radome and rain attenuation by differ@r@velengths particularly C and-Bandresult in the

strong underestimation in precipitation, especially in case of hail. Ground ctuttenalous
propagabn of radar beam due to atmospheric conditiil biological echoes from birds,
insectsprovide thenaccurate information on the radar imadasaddition, the beam blockage

is the main problems at the radar site due to topography and by nearby aljacés $rees

and buildingsin view of the above stated technical, meteorological andnmeteorological
sources of errors can be eliminated by the quality control algorithms that applied on weather
radar reflectivity data. For instance, ground clutteraeah isdetermined by using statistical

or Doppler filtering. Normeteorological echoes can be removed by the dual polarization radars
and relevant algorithms for echo classification. Meanwhile, removal of external interference
signals should be checkedany azimuth, lower elevations and detection of high reflectivity.

In the line with the importance ahprovingthe radar quality control, wittihe assistance from

Japan Meteorology Agency (JMAxperts,MMD radar dataare implementing the quality
control processThe ceoperation between JMA and MMD began from 2014 until nbke
techniques of radar quality control and Quantitatfmcipitation Estimation (QPE) are
establishedhru mutud discussion between MMD and JMAhe eleven radar stations have

their own problems related to blockage, ground clutter, interference, scanning strategies and so
on, the techniques and software that provided by JMA are beneficial to lessen the problems
occurred. Henceforth, the evaluatioheach radar stations should be checked and the quality

of raw radar data can be improved.

On the other hand, another source of error that affecting the radar rainfall estimatién is Z
relationship variability. Nowadays, a single polarization radaflyappsingle or seasonal
dependent R relationship such as Marshal Palmer (Z=26)Rr Rosenfeld (Z=250R).
However, fixed ZR relationship can lead to significant errors in rainfall estimation as it
depends on precipitation type (stratiform or conwvegt The QPE methods can solved this
problem by using the rain gauge information, as it is assunaéddin gauge measures exactly
whereas radar provides information about space distribution. QPE techniques consider the
calibration with rain gauges unticcurate radar rainfall is obtained. There are some methods
that studied by the researchers such as mean field correction, multiple regression, geostatistical
approach and Kalman filtering approa&tudy by(J-L Champeaux)theadjustment factor is
computed using radar and rain gauges in good visibility areas (~ up to 80 km range distance
from the radar in flat terrain) and specially in case of heavy raiffadl.accurate radar rainfall

can be applied into the hydrological mbtte the runoff and flood forecasting model.



2. Data and Methodology

In this study, eleven (11) radar stations are selected to examine the radar quality for the selected
period. The techniques that applied for this purpose is implemented by Mepaorology
Agency (JMA) by sharing the software to MMD. The step of radar quality control is below:

IRIS Raw Data
Using radadlibrary.jar of EIL Table

JMAPCappiMain

PCAPPI Data

Sitelowmake_mmd.ini Clutter Map

Using radadlibrary.jar of CompositeMain Composite.ini

NS

10 Minutes Composite GRIB2

Using radadflibrary.jar of GISGrib2PNG to convert to image file

NS

1 Hour Composite GRIB2

Using javaRadarQPBViain 1 gpe=60 Accumulateini

NS

QPE 1 Hour

Location.txt Using javaPointView

1 IRIS Raw Data can be viewed by the radar_library.jar of IRISRawVIdug library
can examine the elevation angle for each radar stations.

1 Echo Intensity Lowest (EIL) Elevation Angles should be studied by using R
programming with the GTOPO30 Digital Elevation Model (DEM) data to observe the
performance of radar related to topography data. This is @itddeéck for each azimuth
of radar observatio (360 degree) for the blockage area and coverage area for each
elevation angle for each radar statidime height of CAPPI can be modified to study
the radar beam which intersect with the topography.

1 Sitelowmake_mmd.ini is the parameter which focusedhenrain_cut and noise_cut
that can be altered depend on the performance of radar station.

1 Clutter map used for removing the ground clutter that will affect the performance of
radar as the forecasters may confuse between rain and permanent echoes.

1 Composie.iniis used to setting the Malaysian composite with the additional of rain_cut
parameters which will remove the rainfall less than 0.3mm/hour.

1 After applying radar quality control for each station, @R#our is produced by
averaging 10 minutes intervdata.



1 The quantitative precipitation estimation (QPE) at certain locations can be known by
using library Point View as file of location.txt consisted of station id, latitude and
longitude.

1 The conversion from radar reflectivity to radar rain rate imgidashal Palmer
relationship.

JMA also sharing their expertise to improve the quality of radar data by examining the
statistical of radar data for each month at each radar stations. Using these statistitted data,
suspicious data can be identifieddymparing appearance and average data. The indicator of
statistical data afable 1-

Tablel: The statistical indicator for appearance and average approach

Performance Indicator| Data % Values |Results
. Appearance | 1 Clutter caught merely but

Suspicious
Average 35 strong

Not suspicious Appearance | 6

Normal precipitation

Average 5

Suspicious Appearance | 6 Clutter caught week but
Average 1 continuous

The statistical data can be analysed for raw data, PCAPPI and composite data that beneficial
to identify shadowed area, observable area, low quality area, clutter and interfesence b
modifying the EIL Tableto obtainbetter quality of radar datileanwhile existence of ground

clutter can be removed by using clutter map software.

After making quality control for radar data at each stations, QPE calibration with raingauges is
needed to obtain better rainfall estimation. The step of Radar QPE calibratiorawgauge
as below



QC Radar Da

wQuality control and accumulation of radar data

*Removal of ground clutters and others.
J

First Calibratiol

wCalibrating one hour accumulated radar echo intensity using the first calibration )
TFEOU2NI 6KAOK Ada OIFfOdz I USR 0e dzaAy3
hour accumulated radar echo intensities.

J

Second
Calibration

«Modifying the first calibration factorin terms of land grids using the precipitation\
data measured by rain gauges further, then producing more reliable radar
precipitation.

Composite QH
Calibration

N} Ay 3

wComposing all calibrated radar precipitation into one map, and then embedding and

replacing the precipitation using rain gauge precipitation.




3. Results and Discussion

3.1 Theanalysis for each stations are described as below for each elevation angle:

a) Kota Bharu (KB1) Radar Station

KotaBharu elevation=0.0 2014/11/17 21:30 13s(g,ys KotaBharu elevation=1.4996338 2014/11/17 21 pmm

Figurel: The performance of radar observation for eglefration angles

From the observationn Figure 1 we can see that the lower elevation angles (0.0 and 0.7
degree) had weak echo with elevation angle 0.0 degree almost no echoes. This situation is
abnormal condition because the lowest elevatitgleshoutl capture more echo&soptimize

the detection of low level weatheHence, the recommendation to change the scanning
elevation angles from (0.0.7, 1.5, 2.5legrees) t¢0.9, 1.8, 3.5, and 10.0). The new scanning
elevation angles capture bett®verag than previous angles that reduction of blockage areas
can be showin Figure2.



KotaBharu elevation=0.9008789 2016/11/16 02: ,, KotaBharu elevation=3.4991455 2016/11/16 02:,mm

Kota Bahru asde) Kota Bahru ages)

Figure2: The performance of radar observation for each elevation asggkeiss improvement
of newelevation angles



b) Kuantan Radar Station (KN1)

Kuantan elgvation=0.0 2014/11/05 06:10 31S(U mmn Kyantan elgvation=0.69763184 2014/11/05 08: 1pmm
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Figure3: The performance of radar observation for each elevation angles

From this observatioas described in Figure @/e can see that the lower elevatagles (0.0

and 0.7 degree) had weak echo with elevation angle 0.0 degree almost no echoes. This situation
is abnormal condition because the lowest elevation angle should capture more €bkoes
lowest angle is operatetb optimize the detection of low el weather. Hence, the
recommendation to change the scanning elevation angles from (0.0, 0.7, 1.5, 2.5 degrees) to
(2.0, 1.8, 3.5, and 10.0). The new scanning elevation angles capture dmtteage than
previous angles as shown in Figure 4.



Kuantan elegvation=0.99975586 2016/11/09 08:2,,,,,4, Kuantan elevation=1.8017378 2016/11/09 08:2C 1, m

N N B i AT |
Kuantan elgvation=3.4991455 2016/11/09 08:2C,,m Kuantan elgvation=9.997559 2016/11/09 08:20 yypmm

w’f
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Figure4: The performance of radar observation for each elevation aagiess improvement
of new elevation angles



c) Kluang Radar Station (KG1)

XKluana elevation=0.0 2016/11/01 21:40 19s{UT(,ypmm

Kluanao elevation=0.69763184 2016/11/01 21:40 yymm

[=Y=TNTN

Figure5: The performance of radar observation for each elevation angles

From this observatiom Figure 5 we can see that tiperformance oKG1 is better in term of
coverageof intensity for every elevation angle. However, KG1 faces the blockage problem at
the east side of radar stations that cannot be eliminated since until 2.5 degree, the blockage area
still existed as shown in Figufe

. Kluana
u

ag(deg)
25
5

1
07
0

Figure6: The blockage areas related to topography data at KG1 station



d) Subang Radar Station (SG1)

e
i3

\ : e )

Figure7: The performance of radar observation for each elevation angles

Theperformance of SG1 is better in term of coverage of intensity for every elevatioraangle
shown in Figure 7However, SG1 faces the blockage problem at the east side of radar stations
thatcan be capturedntil 2.5 degre@as shown in Figur8.

Subana ‘ ﬂg(dEgJ

Figure8: The blockage areas related to topography data at SG1 station
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e) Butterworth Radar Station (BW1)

~ -

Butterx%'orth elevation=2.4993896 2016/11/07 (pmm

Butterworth elevation=1.4996338 2016/11/07 (ymm

Figure9: The performance of radar observation for each elevation angles

From this obsevation in Figure 9 we can see that the lower elevation angles (0.0 and 0.7
degree) had weak echo with elevation angle 0.0 degree almost no echoes. This situation is
abnormal condition because the lowest elevation angle should capture more Eobdmsest

angle is operatedo optimize the detection of low level weathén. addition, BW1 is
contaminated with the noise and interferenidence, the recommendation to change the
scanning elevation angles from (0.0, 0.7, 1.5, 2.5 degrees?t@.@ 4.0, and 10.0). The new
scanning elevation angles capture better coveaaddess noise as revealed in Figure 10.

11



Butte_l%vorth

FigurelO: The performance of radar observation for each elevation angles and its improvement
of new elevation angles
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f) Alor Star Radar Station (AS1)

AlorStar elevation=0.0 2014/11/27 11:30 13s(U' ¢, AlorStar elevation=0.69763184 201411727 11:8 0

Figurell: The performance of radar observation for each elevatigiesin

From this observation in Figure 1Wge can see that the lower elevation angles (0.0 and 0.7
degree) had weak echo with elevation angle 0.0 degree almost no echoes. This situation is
abnormal condition because the lowest elevation angle should cayuixeg@choesl he lowest

angle is operatedo optimize the detection of low level weathén. addition, BW1 is
contaminated with the noise and interferenidence, the recommendation to change the
scanning elevation angles from (0.0, 0.7, 1.5, 2.5 degi@€sp, 2.2 4.0, and 10.0). The new
scanning elevation angles capture better covaaagdess noise at the imagd®wn in Figure

12.
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AlorStar elevation=0.99975586 2016/11/07 03:5,,mm AlorStar elevation=1.8017578 2016/11/07 03:3(;ymm

Alor Star Alor Star

ag(deg) ag(degy

Figurel2 The performance of radabservation for each elevation angles and its improvement
of new elevation angles
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g) Kuching Radar Station (KC1)
Kuchina e]evation:0.6_97

63184 2016/11/14 01:1 yyym

£

Figurel3: The performance of radar observation for each elevation angles

Theperformance of KC1 is better in term of coverage of intensity for every elevationaangle
described in Figure 13However, KC1 faces the blockage problem at the northern and
southwestern of radar stations that can be captured until 2.5 degree as shigureiiv.

Kuchina

Figurel4: The blockage areas related to topography data at KC1 station
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h) Bintulu Radar Stations (BN1)

Bintulu elevation=0.0 2016/11/15 22:00 125(UT Bintulu elevation=0.69763184 2016/11/15 22:0C pm

Figurel5: The performance of radar observation for ealelvation angles

The performance of BNIn Figure 15is better in term of coverage of intensity for every
elevation angle. However, BN1 faces the blockage problem at the east side of radarastations
shown in Figure 16

Bintulu agideg)

Figurel6: The blockage areas related to topography daBdNatstation
16



i) Miri Radar Station (MR1)

Miri elevation=0.0 2016/11/15 21:30 22s(UTC) wmm  Miri elevation=0.69763184 2016/11/15 21:30 22 0m
= =4

Figurel7: The performance of radar observation for each elevation angles

Theperformance of MR1 is better in term of coverage of intensity for every elevation angle.

Miri agtieg)

Figurel8: The blockage areas related to topography daéRdt station
17



J) Kota Kinabalu Radar Station (KK1)

KotaKinabalu elevation=0.0 2016/11/05 00:20 2° gy KotaKinabalu elevation=0.69763154 2016/11/0pmm

Figurel9: The performance of radar observation for each elevation angles

Theperformance of KK1 is better in term of coverage of intensity for every elevationangle
described in Figure 1However, KK1 faces the blockage problem at the east side of radar
stations as illustrated in Figu2®.

Kota Kinabalu

Figure20: The blockage areas related to topography datdat station
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k) Sandakan Radar Station (SN1)

Sandakan e]eva?:OO 2016/11/19 12:30 258(1 4, 1y, Sandakan e]eva?:0.69763184 2016/11/19 12 ppm
e = 80 - =80

- 64 A - - 64
@' ol - 56 @‘ - 5 56
N = 4 .o -

Sandakan eleva%?ﬂzl-@%%a 2016711719 12 mmm  gandakan eleva%gl:24993896 2016/11/19 12:2
= B0

64
@' 56

Figure21: The performance of radar observation for each elevation angles

Theperformance of SN1 is better in term of coverage of intensity for every elevationrangle
Figure 21

Sandakan

Figure22: The blockage areas related to topography datdlatsEation
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3.2  Thetechniques ofradar data quality control
3.2.1 Statistical Approach

a) Butterworth

pecapr Butterworth APPEARA\ICE scale 100 =2333.0
2016/11/01 00:00.2016/11/30 QIO datas 3704

pecapr Butterworth AVERAGE scale 100 =1.1424191

2016/11/01 00:00-:2016/11/30 15:50(UTC) data : 3704

% (value/m % (value/m

..‘ v ] -

o’/
Refering to Table J1the appearance data value is high meanwhile the average data showed

lower value. This images indicate BW1 has suspicious data with clutter caughakidbute
continuousindicator for interference problems (black dashed lidgpm these statistical
images from 01 No80 Nov 2016, described thockage areas as shown il i@lor dashed
line.

b) Alor Star

pecap AlorStar AVERAGE scale 100 =0.51226723

BB O A s a1 00 aT02 2016/11/01 00:00-2016/11/30 23:50(UTC) data’ 4153

16/11/01 00:00 ’01(‘/11/'10 23:9Q(UTC) data. 4153

% (value/m{ % (value/m{

Refering to Table 1the appearance data valudawer meanwhile the average data showed
highervalue. This images indicateS1 has suspicious data with clutter caugtdrely but
strong From these statistical images/ealedhe blockageareas as shown in black color.

20



c) Subang

gca Subang APPEARANCE scale 100 =71
..O‘Ig/‘l‘llol :00»20‘15]1 30 23:50(UTC) data

4.0 gfag Subang AVERAGE scale 100 =0.2438701
2016/11/01 00:00-2016/11/30 23:50(UTC) data :

These images showed the shadowed atghe @ast ofadar site.

d) Kluang

cap Kluang APPEARANCE scale 100 =1774.0 € . gf’ag Kluang AVERAGE scale 100 =0.4613524
016/11/01 00:00-2016/11/30 23:50(UTC) data 4 253!_ 016/11/01 00:00-2016/11

These images showed the shadowed areas at thef eadar site and interference occurred at
stated in the purple colour.

e) Kuantan

peap Kuantan APPEARANCE scale 100 =2233.0
..0/15/11/01 00:00-2016/11/30 23:50(UTC) data : 4
&L i

N

peap Kuantan AVERAGE scale 100 =0.4179794
059 _0/16/11/01 00:00.-2016/11/30 23:50(UTC) data : 40

(O e

These images showed the blockage areas at the east and west of radar site.

21



f) Kota Bharu

KotaBharu APPEARANCE scale 100 =2009.0
01 /11/01 00:00-2016/11/30 15:50(UTC) data - 4210

0

KotaBharu AVERAGE
1 /11/01 00:00-2016/11/30 15

scale 100 =0.35851926
:50(UTC) data . 4210

These images showed lower observation atithesnareas.

g) Kuching

ap Kuching APPEARANCE scale 100 =873.0
2016/11/01 00:00-2016/11/30 23:50(UTC) data : 4261

% (value/m.

01

Kuching AVERAGE srale 100 0 367‘11088
2016/11/30 23:50(U° 4261

/11/01 00:00-

% (value/m;

.
T TT L

These images showed the blockage areas at the southern of radar site.

h) Bintulu

Scag Bintulu APPEARANCE scale 100 =2022.0
016/11/01 00:00-2016/11/30 23:50(UTC) data : 42

£ 3k ramepu

13t

p Bintulu AVERAGE scale 100 =0.

6/11/01 00:00-2016,

These images showed the blockage areas at the eastern of radar site.

22

30 23:

=0.394731
50(UTC) data : 4280




i) Miri

g ap Miri APPEARANCE scale 100 =1626.0 2 Miri AVERAGE scale 100 0 6/95"/4
2016/11/01 00:00-2016/11/30 23:50(UTC) data : 4286 2016/11/01 00:00-2016; 1C) dat.

% (value/m|

SUGSREY:

2
1
1
1
7
5
a
3
2
1
8>

Refering to Table 1the appearance data value is higher meanwhile the average data showed
lower value. This images indicate MR1 has suspicious data with clutter caught merely but
strong.

J) Kota Kinabalu

cap KotaKinabalu APPEARANCE scale 100 =982.0 KDLaKmabalu AVhRAGE scale 100 =2.4994752
5676/17/01 00:00-2016/11/30 23:30{UTC) data : 3617 561819/61 00.00: 6/11(30 23.50(U 3917

% (value/m|

20

O N e
et

v

These images showed lower observation at the circle areas ttactdpography.

k) Sandakan

Sandakan AVERAGE scalo 100 —0.16672546,
BEeB Ao botbt 201 o1 3{?}\'@5 SO daa i 507811101 60.00-2016/11/30 23:30(UTC) data* 4308 _
a1 L300 2

These images showed the blockage areas at the southern of radar site.
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3.22 Removing interference

peap Kuching APPEARANCE scale 100 =149.0 ap Kuching AVERAGE scale 100 =3.7687757
:01&051(]3 00-2018/05/04 07:30(UTC) data - 190 <01 }/05/03 00:00-2018/05/04 07:30(UTC) data 190
P 2 2 X has i e % (value/m:
74 0
A
Vs
/

EE T e L

STEEY

7
5
i
3

| H

N
0

v

Figure23: PCAPPI statistical data to show the interference signal

KC1 radaf PCAPPI datshowed the interference imagesm 39-4" May 2018as described

in Figure 23when comparing with theppearance and average data, whar concluded that

the clutter caught is very strong. Hence, we should check each elevation angles to modify the
EIL table for removing the interference signal.

Kuching 0 300.0KC iris AVERAGE scale 100 =5.8233404

Kuching 0 300.0KC iris APPEARANCE scale 100 =183.0
1 2018/05/0300:00-2018/05/04 07:40(UTC) data - 191
=

20}8/0 /03 00:00-2018/05/04 07:40(UTC) data : 19
. - — % (value/mi

v
BIGSREHEHERBRIHE
8

Kuching 0.7 300.0KC iris APPEARANCE scale 100 =187.0
2018/05/03 00:00-2018/05/04 07:40(UTC) data : 191

Kuching 0.7 300.0KC iris AVERAGE scale 100 =7.267598
2018/05 /03 00:00-2018/05/04 07: 40(UTC) datg 1

% (value/m, N\

24



Kuchin
ZO}WDSq

¢

1.5 300.0KC iris AVERAGE scale 1
03 00:00-2018/05/04 O {(UTC) d:
N

Kurhinéy 1.5 300.0KC iris Al RANCE scale 100 =181.0
2018/0: /03 00:00-2018/05/04 UT¢ ta: 191
& (value/m % (value/m:

> 90

LT

00.0KC iris AV

§| 2.5 _300.0KC iris APPEARANCE scale 100 =173.0 i
0! 191 00-2018/05/04

Kuching s
2018/05/03 00:00-2018/05/04 0(UTC) data :
P2

(value/mi

Figure24: Statistical data for each elevation angles to analyse the effected angles.

By analysing the images Figure 24 we can see thatevation angles 0.0, 0.7 and @iégrees

are contaminated with the interference meanwhile 2.5 degree is not exposed with the
interference signal. Therefore, the EIL Tal$eshown in Figure 2%as to modify by removing
lowest angle and concentrate ab @egree only at the specifazimuh.

Figure25: The modification of EIL Table to remove the interference error on the image

25

11,0,2.5,80,1.5,300,,,, 11,0,2.5,80,1.5,300
R AR T —
86,0,2.5,80,1.5,120,0.7,180,0,300 86,0,2.5,80,1.5,120,0.7,180,0,300
92,0,2.5,80,1.5,120,0.7,300, , 92,0,2.5,80,1.5,120,0.7,300,,
103,0,2.5,80,1.5,120,0.7,180,0,300 103,0,2.5,80,1.5,120,0.7,180,0,300
108,0,2.5,8¢,1.5,120,0.7,300, , 108,0,2.5,80,1.5,120,0.7,300,,
114,0,2.5,80,1.5,120,0.7,180,0,300 114,0,2.5,80,1.5,120,0.7,180,0,300
143,0,2.5,80,1.5,120,0.7,300,, 143,0,2.5,80,1.5,120,0.7,300,,
145,0,2.5,80,1.5,300, ,,, 145,0,2.5,80,1.5,300,,,,
150,0,2.5,80,1.5,120,0.7,300,, 150,0,2.5,80,1.5,120,0.7,300,,
155,0,2.5,80,1.5,300,,,, 155,0,2.5,80,1.5,300,,,,
167,0,2.5,80,1.5,120,0.7,300,, 167,0,2.5,80,1.5,120,0.7,300,,
189,0,2.5,80,1.5,300,,,, 189,0,2.5,80,1.5,300,,,,
191,0,2.5,80,1.5,120,0.7,300,, 191,0,2.5,80,1.5,120,0.7,300,,
195,0,2.5,80,1.5,300,,,, 195,0,2.5,80,1.5,300,,,,
201,0,2.5,300,,,,,, 201,0,2.5,300,,,,,,
229,0,2.5,80,1.5,300,,,, 229,0,2.5,80,1.5,300,,,,
317,0,2.5,300,,,,,, 317,0,2.5,300,,,,,,
358,0,2.5,80,1.5,300,,,, 358,0,2.5,80,1.5,300,,,,
360,0,2.5,300,,,,,, 360,0,2.5,300,,,,,,
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Figure26: The comparisoiefore and after the EIL modification resulting in the elimination
of interference on the radar images

In line with theadjustment of EIL tablethe interference can be removed from the image of
PCAPPI dataas illustrated in Figure 26This technique idetter to eliminate noise and
interference from unknown sources.
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3.23 Removing clutter using clutter map
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Figure 27: The ground clutter source from Mount Kinabalu data existed on the KK1 radar
image

KK1 radar image was contaminated with the ground cluttamly source from Mount
Kinabalu topographfrom 21 August 2017as presented in Figure 2Ihis permanent clutter
remained about few days that confusing the forecasters between rain echoe3luns)tte
clutter map is applied at KK1 radar stations to remove the permanent clutter a?Bigure

| £ ClutterMapEditor

| ClutterFile ||JN\RadarResearch\O.C data\CIulterMap\CLUTKK70072|

| PpcappiFile | [o00_201708312350_Kotakinabalu_sPPEARANCE csv] | Read | 0] | | set value (dBZ) |
pcap KotaKinabalu APPEARANCE scale 100 =2508.0

2017108i01 00:00-2017/08/31 23:50(UTC) data : 4263 Joes [ase [ae7 [ous [aes [ara [avt [arz [aa [ [z Jooe [ [ars [ars [ oot [ama Joss [a |

oo |
e [88co Jao [eo [Musle [l eo =} e
42

nnnntL
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|43 |
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Echo(on/off) Save as

Echo / on

Clutter map file does not have coordinate information.
30 PCAFPPI file is need for view and edit

Figure28: Clutter map software to remove the clutter for KK1 radar station
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Before using Clutter Map After using Clutter Map

KotaKinal Al’l’l:ARA\IC!: scale 100 =2713.0 ’
X ap KotaKinabalu APPEARANCE scale 100 2624.0
5’019/10/01 00.0 31 15:50(UTC) data : 3981 %1 110/01 OO 0. 20171 23:50(UTC) d 79
% (value/mi = % (value/mi

After using Clutter Map

B L e 2 TTTe KotaKinabaly AVERAGE scale 100 =6626621
019/10/01 ooad 3 el B619/16/01 00:00.2017/10, 50(UTC) data

% (vatue/mi

2

KotaKinabalu radar
2017/10/17 90:00:00UTC
Ed

Less effect of
ground clutter

Figure29: Thecomparison before and after using clutter map

Clutter mapis well-functioned for removing the effect of clutters source from topography or
ground clutter or permanent echaes shown in Figure 29The statistical monthly data is
essential to examine the existence of clutter or suspicious data.
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3.24 Modification/Adjustment of EIL Table for better intensity

Modification of EIL table is needed to obtain better intensity and coverage at cadan
surroundings®s presented in Figure .3bhis technique can assist to reduce the blockage areas
and obtain better intensity at shadowed ar€las.performance of December 2014 show better
intensity and coverage after applying modification of EIL taselescribed in Figure 31.

cap KotaBharu APPEARANCE scale 100 =3677.0 gcapr KotaBharu APPEARA\I;’JE:SALI%%O% éﬁd;jow
2 - a|

EOMIIZIO‘I 00:00- 2014/12/31 23:50(UTC) data 2014/12/01 00:00-2014/12/31
e 3 E

-ap Suban APPEARA\ICE saalo 100 1514 0 gcapr Suban APPEAR.-‘\\ICI‘ scalo 100 1475.0
2014/12/01 00:00-2014/12/3 ta:4221 2014/12/01 00:00-2014/12/31 C) data. 4150 %

peap Kuantan APPEARANCI: sn:alc 100 3"96 0 Ec pr Kuantan APPEARA'\CI: scale 100 3280.0
014/‘17101 00:00-201 4456 014/1“/01 00:00-2014/12/31 C) data: 4414
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2014/12/11 08:30-2014/12/3 1C) data : 2921

% (value/m;
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Figure30: The modification and adjustment of EIL table for each radar stations are performed
to gain better coverage and intensity
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