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A Study on Typhoon Impacts in the Nakdong River Basin
Associated with Decaying Phases of Central-Pacific El Nifio

ABSTRACT

This study classified abnormal sea surface temperature changes of the central pacific region according to three evolution patterns.
Focusing on typhoons that affect the Korean Peninsula, the research analyzed typhoon’s occurrence spot and track, change in the
central pressure characteristics, and the characteristics of change in typhoon precipitation and the number of occurrences of heavy
rainfall in the Nakdong River Basin. As a result of analysis, in case of prolonged-decaying years and symmetric-decaying years,
typhoon-related summer rainfall and heavy rainy days appeared to be higher than long-term average. But in case of abrupt-decaying
years, the pattern of general decrease appeared. This is because typhoon’s occurrence spot is located comparatively near the Korean
peninsula, typhoon’s central pressure is high, and typhoon’s route generally moves to Japan. As the outcome, this study is expected to
reduce flood damage through analyzing the characteristics of typhoon’s activity according to CP El Nifio evolution patterns and the
characteristics of local typhoon rainfall. In addition, it is expected to provide useful information for establishing adaptation and
mitigation to climate change.
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o] Grol] ofahd, El Nifo #i§1e] F4lo] ddf SEfE ol
A Zoejgopo = o) 5ake e HolT YT Sf(Kug and
Jin, 2009; Lee and McPhaden, 2010; Yu and Kim, 2010; Ren
and Jin, 2011; Kim et al., 2012c). o]2J3} El Nifios]Ele] Hsh=
A AFAHOR 7P Bl 715 ARl et 99 PIAIAL =
Ao g gz Jlom, o] tigh At Ehks] =L Qlok
(Schonher and Nicholson, 1989; Gershunov et al., 1999; Larkin
and Harrison, 2005; Yeh et al., 2009; Na et al., 2011; Yeh
et al,, 2011; An and Choi, 2012; Kug et al., 2012; Yoon
et al., 2013).
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3R B At =7FE #He] El Nifio siE19] wshr}
7V 8l 71 R S v glrks ) ol A
It Weng et al., 2007; Kao and Yu, 2009; Feng et al., 2011).
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2. BAKIE 2 e

E dFe4= CP El Nifio9] #4418 )3 w]=+¢] National
Oceanic and Atmospheric Administration (NOAA, 2013)9]}4]
LR AFTEE Nifio3 (5°5-5°N, 150°-90°W)2} Nifiod (5°S-5°N,
160°E-150°W) #]¢] s L2182 28319t Ren and
Jin, 2011; Kug et al., 2012). CP El NifioS] Zlsjsjelz} =
7 leStaliele] et #2448 fJel 19 1° ARR1 Hadley Center
9] F5H L5 AZAEE o] g3l o m(Rayner et al., 2003),
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Hsleed el 742 9% H 2  composite mean anomaly)
252} AA| F=7RK(1966-2007)44 Bootstrap random resampling
(Ripley, 1987; Becker et al., 198818 53] 28] =%
dataset (Z+ CPYYx Case™d 1000set)e] 312 v)aldle] A2+
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Fig. 1. Study Area (Nakdong River Basin)
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(Fig. 2(c)).

Table 1. Watershed Information in the Nakdong River Basin

During the Period Between 1966 and 2007
Catchment | Annual Summer
ID Sub-basin Name Area Rainfall Rainfall
(km’) | (mm) | (mm)

2001 Andong Dam 1,629 1,104 744
2002 Imha Dam 1,976 996 667
2003 | Naeseong Cheon 980 1,051 704
2004 | Naeseong Cheon 1,816 1,171 798
2005 Yong River 914 1,240 837
2006 |Byeongseong Cheon 433 1,173 786
2007 | Nakdong Sangju 224 1,104 742
2008 Wi Cheon 1,406 1,020 680
2009 Nakdong Gumi 179 1,010 675
2010 Gam Cheon 1,005 1,087 733
2011 | Nakdong Waegwan 1,106 1,040 704
2012 Geumbho River 2,092 1,075 716
2013 Hoe Cheon 782 1,202 828
2014 | Nakdong Goryeong 548 1,153 782
2015 | Hap Choen Dam 929 1,275 869
2016 Hwang River 387 1,272 872
2017 Clgnagxfng 473 1212 814
2018 Nam River Dam 2,293 1,481 1,000
2019 Nam River 1,185 1,372 902
2020 | Nakdong Miryang 1,005 1,200 789
2021 Miryang River 1,422 1,219 810
2022 | Nakdong Estuary 916 1,366 860
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Fig. 4. Typhoon Genesis Position Affecting the Korean Peninsula (1966-2007). The Color Lines Indicate the TC Tracks for the Years of the
Three Evolution Patterns of the CP El Nifio. Case 1: Prolonged Decaying Pattern of CP El Nifio, Case 2: Abrupt Decaying Pattern of CP
El Nifio, Case 3: Symmetric Decaying Pattern of CP El Nifio

Table 2. Central Pressure of Typhoons Passed Through Korean Peninsula During 1966-2007

Evolution Types of CP El Nino Mean (hPa) Standard deviation (hPa) |Coefficient of variation (COV) Remark
Case 1 (prolonged-decaying years) 954.7 28.7 0.030
Case 2 (abrupt-decaying years) 983.9 17.9 0.018
Case 3 Symmetric-decay 948.1 25.8 0.027
Climatology 955.1 27.2 0.028 1966-2007

3% The coefficient of variation (COV) represents the ratio of the standard deviation to the mean.

A s o el 2o} vlashd shekwol| sk oJikETh AAY SFHeEr 2555 39 Mg ds HE &
AR tfgl o] & 7o 7 YERITE Symmetric-decaydf o] 9tk Basky ¢tk weka] CP El Nifiod 3714 zlsllgl

WAE EFe] BEWAAR(3AN-1365E)E Ske A oiF  F ohE WEAAAe] skl ulmd VAl SISk Qi
dhge) Bt ATt Akl Sidfhs A BRI S Q9o Abruptdecayshol WS B T skt dpulstel A
m, g R B ST St Pel Sl SAUES o] 2% HEo.R Asjuyle ofue 2419l Alow B
ZYA WA RSk glek ST 9% BFe] Al A=l (9F BEFA/IE 983.9hPa).

uarshel Wawl BRol e A ke el 2ol 2} CP El Nifio I3}El B $417]9F BA251= Table

W Al R Ak ] T & Ao velsitk 209 1 = Qlek 53], Symmetric-decaysfjl] Y3 ElE-]
Gray (1979)= B2 oUA7E mSeRt sl 27 e 35+ 785 AA ke JIEE Bk eIl S veht
= To71R o] FoA BiFo] slieral AAISkAL = ATl A= AlEo] Zdet eise] Wgslslom(948.1hPa), ThE - 3id
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B9 & 20 Y F Fe B 9 FRAY9Y ol Fa
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STk 67 TEHE ALIF S HE B A A9
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Fig. 5. Composite Anomalies of Typhoon Precipitation (June-September) for the Three Cases of CP El Nifio. The Hatched Polygons Indicate

Statistically Significant Changes in TC Rainfall

140 Journal of the Korean Society of Civil Engineers
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TC-induced Rain days (>50mm/day)
(>50mm/day) = -0.71--0.60 TC-induced Rain days
[3-0.14- 0.00 059 - -0.40 (>50mm/day)
= 0.01-0.30 [ -0.39 - -0.20 -0.33--0.20
= 0.31 - 0.60 7 -0.19 - 0.00 7 -0.19 - 0.00
[ 0.61- 0.90 mm 0.01-020 [ 0.01-0.20
[ 0.91-1.20 == 021-0.40 m 021-0.40
121 - 1.50 mm 0.41-0.60 m 0.41-0.60
151 1.80 mm 0.61-0.80 mm 0.61-0.80
181 - mm 0.81-0.83 mm 0.81-0.86

(a) Case 1 (Prolonged Decay) (b) Case 2 (Abrupt Decay) (c) Case 3 (Symmetric Decay)
Fig. 6. Composite Anomalies of Heavy Rain Days (=50mm/day) Associated with Summer Typhoons for the Three Cases of CP El Nifio. The
Hatched Polygons Indicate Statistically Significant Changes in the Frequency of TC Rainfall

Table 3. Regional Characteristics of Typhoon Precipitation and Heavy Rain Days (=50mm/day) Associated with the Three Types of CP El
Nifio in the Nakdong River Basin, Korea

TC-induced Seasonal Precipitation TC-induced Rain days( > 50mm/day)

Prolonged- Abrupt- Symmetric- Prolonged- Abrupt- Symmetric-

1D decaying decaying decaying decaying decaying decaying
Aoy |y Aoy gy | Aol Aol Anomaly| g Aol g

2001 16.86 VAN -21.49 A\ 53.29 A 0.26 A 0.26 A 0.76 A
2002 36.44 VAN -29.75 A\ 26.99 AN 0.71 A -0.12 4 0.38 A
2003 31.98 VAN -31.25 A4 10.77 A 0.71 A -0.12 4 -0.12 v
2004 26.36 A -14.31 A4 34.55 A 0.66 A 0.83 A 0.83 A
2005 11.29 A -21.95 v 35.16 AN -0.14 4 0.19 A 0.69 A
2006 14.61 A -36.25 v 32.23 AN 0.19 AN -0.31 4 0.19 A
2007 36.21 A -15.06 v 8.05 A 0.26 AN 0.26 A -0.24 v
2008 38.98 A -48.58 v 14.47 AN 0.66 A -0.17 4 -0.17 Y
2009 2422 A -34.64 v 12.05 AN 0.66 A -0.17 4 0.33 A
2010 27.11 A -29.98 v 39.98 AN 0.31 AN -0.19 4 0.31 A
2011 51.29 A -52.31 v 21.7 A 0.84 A 0.17 A 0.17 A
2012 72.73 A -49.34 v 7.73 A 1.07 A 0.07 A 0.07 A
2013 33.11 A -28.16 v 41.77 A 1.19 A -0.14 Y -0.14 Y
2014 86.35 A -46.11 v 8.41 A 1.98 A -0.02 Y% -0.02 Y
2015 20.97 A -32.7 v 43.23 A 0.88 A -0.12 Y -0.12 Y
2016 60.45 A -31.1 v 11.5 A 1.34 A -0.33 Y -0.33 Y
2017 59.94 A -54.23 % 12.75 A 0.88 A -0.12 4 0.38 A
2018 22.61 A -34.95 % 55.84 A 0.36 A -0.64 4 0.86 A
2019 25.97 A -59.77 v 12.84 A 0.55 A -0.62 4 -0.12 Y%
2020 67.63 A -47.29 Y% 5.45 A 1.29 A -0.38 4 0.62 A
2021 74.11 A -39.45 v 21.5 A 2.00 A -0.33 4 0.17 A
2022 78.51 A -55.02 % 19.78 A 1.46 A -0.71 v 0.79 A

3% Filled triangles pointing up and downward show a statistically significant changes in typhoon precipitation according to three evolution patterns of
CP El Nino.
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