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A Comparison of Radar Rainfall Intensity with Ground Rainfall in

Heavy Rainfall Cases occurred by Low Pressure System

Young-Cheol Lee

Department of Environmental Engineering
Graduate School of Industry

Jeju National University

Supervised by Professor Chul-Goo Hu

Summary

The Korean Peninsula located in the mid-latitudes is under the influence
of westerlies. The low pressure trough and the low-pressure approaching
from south-west often pass through the Korean Peninsula. Jeju Island,
positioned to the southwest of the Korean Peninsula, is the first to be
affected by the low pressure trough and/or the low-pressure.

This study was performed to analyze the average annual rainfall for
1981-2010 normal and rainfall and the issuing situations of the special
weather reports for the last five years (2011-2015) in Jeju Island. In this
study, we try to investigate the relationship between the predicted rainfall,
the estimated rainfall by weather radar echo and the observed rainfall and
to understand the characteristics of local rainfall on Jeju Island when the
special weather reports were issued.

Jeju Island is one of the pluvial sites in Korea. Compared with
normals, the average annual rainfall for the last five years were increased
and the number of rainy days were decreased in Jeju Island. During the
last five years, special weather reports for heavy rain were issued totally

288 times and were most frequently issued at a mountainous area.

- viii -



Based on the data of actual rainfall during the period of special heavy
rain reports, it could be concluded that the predicted rainfall were
overestimated in the case of the actual rainfall of below 50 mm, while
those were underestimated in the case of above 100 mm. In the eastern
part of Jeju Island, there was a relatively good relationship between the
predicted and actual rainfalls. When the special heavy rain reports were
issued, correlation between the predicted and actual rainfalls was very low
in Jeju Island.

It could be found that the very weak correlation between the actual
rainfall and the estimated rainfall by radar echo in this study. Therefore,
it is necessary to improve the conventional equation, Z = 200 R'®, by
considering the geographic features of Jeju Island in order to exactly

estimate the rainfall by using weather radar echo.
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Table 1. Various Z-R Relationship with reflectivity and rain intensity%)

(Unit = mm/hr)

Re?jgglty Z=2000 R2Y Z=486 R Zz=200 R'¢ Z=31R!"™ ¥ 3
23 0.3 0.5 1.0 2.9
24 0.3 0.6 1.2 34
25 0.3 0.7 1.3 3.9
26 04 0.8 1.5 44
27 0.5 1.0 1.7 5.0
28 0.5 1.2 2.0 5.8
29 0.6 14 2.3 6.6
30 0.7 1.7 2.7 7.6
31 0.8 2.0 3.2 8.7
32 0.9 2.3 3.6 9.9
33 1.0 2.8 4.2 114
34 1.1 3.3 4.7 13.0
35 1.2 3.9 5.6 149
36 14 4.6 6.4 17.1
37 1.6 55 75 195
38 1.8 6.5 8.6 22.3
39 2.0 77 10.6 25.6
40 2.2 9.0 115 29.3
41 25 10.8 13.3 335
42 2.8 12.7 154 38.3
43 3.1 15.0 17.8 439
44 35 17.8 20.5 50.2
45 3.9 21.0 23.6 57.4
46 44 249 27.3 65.7
47 5.0 294 31.6 75.2
48 5.6 34.8 36.4 86.0
49 6.3 41.2 42.1 98.4
50 7.0 48.8 48.6 112.6
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obtained the various area of the

Table 2. The a and b values in R-Z Relationship

world*%3®

a-Rb

Z:

Area

Research

1.71

31
700
80

Hawaii

Blanchard(1953)

16
1.5

Japan

Mai(1960)

1.43
1.45
1.72

45
241
141

Norman,
Oklahoma

Wilson(1963)

1.42
1.63
14

70
384

Ottawa, Canada

Doherty(1963)

100

Tokyo
Karlsruhe,

Aoyagi(1964)

1.31

227

Germany
Valday, USSR

Diem(1966)

14
1.43
1.39

340
286

Berjul Jew(1966)
Mueller and Sims(1966)

Forida

80

Hawaii

Fujiwara(1967)
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Table 3. The a and b values in R-Z Relationship

delolre] W Ad dAdo] vEhy, AlFEAZHAM = AFEEE, AFEEE
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obtained the various area of the

world
Item
Performance
Modulation Tube Klystron
Frequency (MHz) 2,390
. short 1.0us
Pulse width
Transmitter long 2.5us
short pulse 600, 400Hz
Dual PRF
long pulse 250Hz
Possession Frequency Width 8M
] Dynamic range 95 dB
Receiver
MDS -110 dBm
Antenna diameter 85m
Antenna Beam width 1°
Antenna Gain 44 dB

Manufacture Co. Gematronik(Germany)

Table 4. Location of the weather radar sites in Jeju Island

Radar site Lezation Height above Antenna
North East Address .
name the sea height
latitude longitude
Seogwipocity
Seongsan  33.23° 126.52° ; ) 17.8m 59.0m
Seongsan—eup Sinsanri
Jejucity
Gosan 33.17° 126.09° Hangyeong-myeon 71.5m 91.0m

Gosanri
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Table 5. The kind of the numerical model and the operating equipment used from

1991 in Korea'?

. e Resolution Vertical o " ) .
ear ode erating equipmen
(km) (layer) b £ cdiib

Asian Prediction model

160 10 CDC Cyber 932
1991 (ALAM)
Far East Prediction Model 20 10 KIST(SERD
(FLAM) Cray-2S
Korea Local Analysis and KIST(SERD
1993 o 40 16
Prediction System(KLAM) Cray Y-MP
Global Prediction Model Fujitsu
1997 110 21
(GDAPS) T106L21 VPX-220
Regional Prediction Model Nol
1999 30 33
(RDAPS) Supercomputer
Global Prediction Model 55 20 Nol
2001 (GDAPS) T213L30 Supercomputer
T106-based Ensemble Nol
110 30
model(EPS) Supercomputer
Global Prediction Model 20 0 No?2
2005 (GDAPS) T4261.40 Supercomputer
T213-based Ensemble 55 0 No?2
model(EPS) Supercomputer
Global Prediction Model o5 0 No3
(GDAPS) N512L70 Supercomputer
Regional Prediction Model No3
2011 12 70
(RDAPS) Supercomputer
N3206-based Ensemble 0 0 No3
model(EPS) Supercomputer

EHoR BASE AR, oBdde see ®u, thgre] #2717k A6l o
=7 FEAA ot A9 E FAsked, 500 hPael ixet 7]&, 850

7o SHAEE olgsta, AEHEE dFarIe] &4

o

wWE Aot ge] giAde o] gt AEZ, 500 hPad 1%, 71 1000 hPa-700
>

ko] &85 9= UMTAE

B
4 zpgolt} ax= 500 hPaollA] 1%, &% Athelx, bx= 700 hPadl 4 cx= 830

hPaol X = d= A7delA a7, A= Hehdal it
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Fig. 3. Satellite image sample Fig. 4. Weather radar image sample.
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Table 6. The regional forecasting area of the inland in Jeju Island

Division

Play area

District Name

Jeju Regional Meteorological
Adminstration

Jeju Special
Self-Governing Province

Jeju Island
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Table 7. The local forecasting area of the inland in Jeju Island

District

Name

Play area

Division

North of Jeju

1sland

Jeju city

(excluding Gujwa-eup, Hanlim-eup,

Hangyeong—-myeon,

Udo-myeon,
chuja-myeon and Mt area.)

Mt area of Jeju

mountainous area (Mt area)

island
West of Jeju Hanlim-eup, Hangyeong—-myeon, Jeju Regional
island Daejeong—eup Meteorological
Seogwipo city . .
South of Jeju : ' Adminstration
sland (excluding Daejeong—eup, Seongsan—eup,
islan
Pyoseon-myeon and Mt area.)
East of Jeju Gujwa-eup, Udo—myeon,
1sland Seongsan—eup, Pyoseon-myeon
Chujado Jeju city Chuja-myeon
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Table 8. Criteria of heavy rain advisory transition process established by Korea

Meteorological Administration®

Period Advisory Warning
= The precipitation for 24 < The precipitation for 24 hours
~2002. 1. hours i1s expected to be is expected to be more than
more than 80mm 150mm

= The precipitation for 12 < The precipitation for 12 hours
2002. 2. 72011. 5. hours is expected to be is expected to be more than

more than 80mm 150mm

= The precipitation for 6 L
] e The precipitation for 6 hours
hours i1s expected to be

- is expected to be more than
2011. 6. Now more than 70mm or the

L 110mm or the precipitation for
precipitation for 12 hours

12 hours to be over 180mm.
to be over 110mm
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Table 9. The kind of weather advisory/warning in Korea™**’

Class of

Weather Kind of advisory/warning
Statement

Exam

Fog
Newsflash

Preliminary  Typhoon, Heavy rain, Strong wind, Heavy snow, Cold wave, Wind

Newsflash wave, Storm surge, Heat wave, Asian dust

Advi Typhoon, Heavy rain, Strong wind, Heavy snow, Cold wave, Wind
visory . . .
wave, Storm surge, Tsunami, Dry air, Heat wave, Asian dust

Warn Typhoon, Heavy rain, Strong wind, Heavy snow, Cold wave, Wind
arning ) ) .
wav, Storm surg, Tsunami, Dry air, Heat wave, Asian dust

Table 10. Criteria for heavy rain special report statement in Korea>*%

newsflash Advisory Warning

The precipitation for 6 hours is The precipitation for 6 hours is

Heavy expected to be more than 70mm or expected to be more than 110mm

rain the precipitation for 12 hours to be or the precipitation for 12 hours to
over 110mm be over 180mm.

PENFALE 4 =rdes dF vrol 14 AlEst Aqaez2 d7dus #x
s, 23 AR AU A4 54, A 54 L Aed 546 me Y5
(Fr-Folr)s ExEst Ak A7 AHNAM = 71ddde T7eF Ao W&
of weh 6% EWARS 1EF AR, 1657 FnE dEsw vk
gueiel t2A A2V HdME S dR7E daE F EAMAE FARRE T
Eahd), Bl o EAANY ABEIL wohd A ARG/ FWH
FAAZE geom HESY EAMAS AAAA vMABEE, 5 km APEY o

=
-
Fi 9tk Table 12 Y& (2AFHO 2955 wx7|FES g8+ e, 24

_‘|8_
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Table 11. The kinds of weather advisory/warning in Japan®

Class Kind of advisory/warning

Heavy rain, Flood, Strong wind, Blizzard, Heavy rain, Wind wave,
Advisory Heightened, Lighting, snow melting, Fog, Dry air, Avalanche, Cold
wave, Frost, The icing, snow accretion

) Heavy rain, Flood, Strong wind, Blizzard, Heavy snow, Wind wave,
Warning . )
Heightened Tsunami

Special Heavy rain, Wind wave, Blizzard. Heavy snow, Wind wave,

Warning Heightened

Table 12. Criteria for heavy rain special report statement in Japan(Osaka)®*"

Class Criteria

The precipitation for 1 hours is expected to be more than 25mm or
Advisory the precipitation for 3 hours to be over 40mm
Soil rainfall index 86~126

The precipitation for 1 hours is expected to be more than 40745mm
Warning or the precipitation for 3 hours to be over 70mm
Soil rainfall index 122

Coverage By applying a differential regional rainfall

_19_
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Fig. 7. The weather forecasting and the special report statement sample in Japan

Meteorological Administration®*".
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Fig. 8 The weather forecasting and the special report statement sample in United

Kingdom Meteorological Administration(http://www.metoffice.gov.uk)®.
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The basic messages associated with each of the colours are:

0 .

No Severe .
Weather ‘ Be Aware Be Prepared | Take Action

Weather lmpact Matrix

The basic message associated with each warning level is:

Likelihood

High
= You may need to take action as we are expecting ...
s Therewill be ...
Medium
s We should be prepared for ...
s There is likely to be ...
Low
» Beaware of the potential/possibility ...
* There isthe small chance of ...
Very Low

Be awars that there Is a very small risk of ..

Fig. 9. Weather Impact Metrix of United Kingdom?,

BH718 AN = Table 13114 ® 5579 SHE Busta glom, T45H=
Table 14914 E= wheh el 2413bold A HAQ1 H7b 2] il 3A13F 2ol

15mm o4 =g o @xsta Q).

Table 13. The kinds of weather advisory/warning in United Kingdom?

Class Kind of advisory/warning

advisory Heavy rain, Strong wind, Heavy snow, The icing, Fog

Table 14. Criteria for heavy rain special report statement in United Kingdom®’

Class Criteria

adviso . .
Y - Continuous rain for 2 hours

Warni - The precipitation for 3 hours is expected to be more than 15mm
arning
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Table. 15 The kinds of weather advisory/warning in China®”

Newsflash Kind of advisory/warning

Black-ice, Mist, Fog, Hail, Lightning, Drought, Heat wave, Dust, Cold

Warning . .
wave, Heavy snow Strong wind, Typhoon, strong wind, Frost

Table. 16 Weather Impact Metrix of China®’

Class Criteria

The precipitation for 12 hours is expected to be more than 50mm

The precipitation for 6 hours is expected to be more than 50mm

Warning

i--ngi The precipitation for 3 hours is expected to be more than 30mm

]

The precipitation for 3 hours is expected to be more than 100mm
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