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Different Impacts of the Two Phases of El Nifio on Variability of Warm Season
Rainfall and Frequency of Extreme Events over the Han River Basin

M /LB MHE B

Yoon, Sun-Kwon / Kim, Jong-Suk / Kwon, Hyun-Han

Abstract

This study investigated impacts of the two different types of El Nifio on summer rainfall (June—
September) in the Han River and its sub-basins. The patterns of rainfall anomalies show a remarkable
difference between conventional El Nifio and El Nifio Modoki years. During conventional El Nifio years,
it was found that the Han River basins show decreases in the seasonal rainfall totals with high variations
(CV=0.4). In contrast, during El Nifio Modoki years, distinct positive anomalies appear in the Han River
basin with a relatively small variation (CV=0.23). In addition, 11 out of 30 sub-basins show significant
above-normal rainfall in southern part of the Han River Basin. For El Nifio Modoki years, the number of
heavy rainy days exceeding 30 mm/day and 50 mm/day were 9.9-day and 5.4-day, respectively. Consequently,
this diagnostic study confirmed that El Nifio Modoki has significant impacts on the variability of summer
rainfall over the Han River Basin. We expect the results presented here provide useful information for the
stability of the regional water supply system, especially for basins like the Han River Basin showing relatively
high variability in seasonal rainfall.
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Table 1. Catchment Area, Warm Season Precipitation and Number of Rainfall Gages in each Sub-basin over

the Han River, South Korea

Han River Basin Catchment Ann./JJAS No. of Rainfall
Area Rainfall Gage/Density

D 30 Sub-basins Name (km?) (mm) (No./p)
1001 Upstream of Namhan River 2,447.9 843.9/1,240.2 20/122.4
1002 Pyeongchang River 1,773.4 900.6/1,294.4 19/93.3
1003 Chungju Dam 2,483.8 837.0/1,210.3 14/177.4
1004 Dal Stream 1,614.4 810.6/1,173.8 21/76.9
1005 Downstream of Chungju Dam 524.4 852.2/1,210.5 3/174.8
1006 Seom River 1,491.0 939.2/1,298.4 11/135.5
1007 Downstream of Namhan River 2,072.7 927.9/1,297.0 14/148.1
1008 Kumgangsan Dam 2,983.0 N/A N/A
1009 Pyeongwha Dam 351.3 799.8/1,093.9 1/351.3
1010 Chuncheon Dam 1,587.4 870.8/1,187.0 15/105.8
1011 Inbook Stream 931.3 813.9/1,150.1 4/232.8
1012 Soyang River 1,852.0 834.4/1,252.0 13/142.5
1013 Euiam Dam 721.7 964.8/1,310.9 5/144.3
1014 Hongcheon River 1,566.0 945.0/1,302.6 11/142.4
1015 Cheongpyeong Dam 760.6 991.2/1,337.4 4/190.2
1016 Kyeongan Stream 561.1 903.8/1,266.6 7/80.2
1017 Paldang Dam 43.9 883.1/1,191.0 1/43.9
1018 Han River in Seoul 1,537.2 935.1/1,283.1 23/66.8
1019 Han River in Goyang 826.3 904.0/1,259.7 1/826.3
1020 Gomitan Stream 2,195.2 941.2/1,287.6 2/1097.6
1021 Upstream of Imjin River 2,072.7 944.6/1,290.5 2/1036.4
1022 Hantan River 2,452.2 944.5/1,293.0 10/245.2
1023 Downstream of Imjin River 1,419.2 957.2/1,301.6 4/354.8
1024 Downstream of Hantan River 146.4 927.5/1,294.2 N/A
1101 Anseong Stream 1,658.7 840.8/1,206.3 12/138.2
1201 West of Han River 1,992.9 836.0/1,240.3 2/996.5
1202 Shiwha lake 961.3 861.3/1,227.0 2/480.7
1301 YangYang Namdai Stream 1,300.9 832.4/1,340.0 2/650.5
1302 Kangnung Namdai Stream 1,050.1 910.6/1,444.7 1/1050.1
1303 Samcheok Ohship Stream 986.6 830.1/1,229.9 1/986.6

Average 1,358.0 894.3/1,259.1 7.8/174.1

# p is the density of observatory; p=Catchment area/Number of rainfall gage

#% N/A represents data not available

(5°S-5°N, 150°E-90°W) A 3ol A 1966~2007-A7}A] 42
Md &< A5 AFHLEE9] anomaly AHRE AHE-S)
Ak #A AAY A7) Y AFES 7= NOAA
(National Oceanic and Atmospheric Administration)Z
Ao 2 59] Bureau of Meteorology Research Centre,
93=+9] The Royal Meteorological Society 5-©| thA <k}
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Table 2. Classification of the Conventional El Nifio Events and the El Nifio Modoki Events Based on Nifio3
Index during the Period of 1966 ~2007. See the Text for the Definition of the Conventional El Nifio and the

El Niflo Modoki Years

Selected El Nifio years

1969/1970, 1972/1973, 1976/1977
1982/1983, 1987/1988, 1997/1998

1967/1968, 1977/1978, 1986/1987, 1990/1991
1991/1992, 1994/1995, 2002/2003, 2004/2005

Classification

El Nifio years
(Conventional El Nifio)

EMI years
(El Nifio Modoki)

NCEF/NCAR Raonalyeis
ST) (K) Compasite Anomaly 1981-2010 clime

NCEP/NCAR Raonalysis
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% W
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i i,
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(b) El Nifio Modoki years(DJF)

&1 T 18w 120 100
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(a) El Nifio years(DJF)

Fig. 3. Composite Sea Surface Temperature Anomalies (SSTA) in the Developing Phases of Two Types
of El Nifio during December-February. (a) SSTA in El Nifio years. (b) SSTA in El Nifio Modoki Years

GPLP Predpitabion
Precipitotion (mm/day) Composite snomaly 1981-2010 climo
NUM/‘EERL Prysleal Felencas Dhvlalon

Jun to Sep: 18B3,198E,1998

g - N N N N ————— e g
-25 2 2A

-2 —1.5 -1 —05 o o8 1 15

(a) El Nifio years (JJAS)

BPLP Precpitalion
Pracipitation (mm,/doy) Compoaite Anomaly 1981-2010 dlimo
NW‘ESRL Physlcal Sclencas Oflalon

Jun to Sep: 1587,15%1,1982,1995,2003,2005
o N I N - 1

-1z —0& —0.4 1] 0.4 OB 1.2

(b) El Nifio Modoki years (JJAS)

Fig. 4. Composite Anomalies of GPCP Seasonal (June to September) Precipitation during the El Nifio and

El Nifio Modoki Years
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B 3.25-8.50%
W 3.00-625
B 775-800
W 750-7.75
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6.50 - 6.75
G40 - 6.50

(a) Heavy precipitation (>30 mm/day)
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3.00-3325
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2.60-275

(b) Heavy precipitation (>50 mm/day)

Fig. 6. Percentage of Heavy Rainy Days (> 30 mm/day and >50 mm/day) during JJAS Season.
(a) Percentage of Days over the 30 mm/day during Rainy Season. (b) Percentage of Days over the 50 mm/day

during Rainy Season
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Table 3. Warm Season Anomaly Rainfall and Coefficient of Variation during the Different Phase of El Nifio
in each Sub-basin

El Nifio years El Nifio Modoki years
ID JJAS Rainfall ~ Anomalies cv JJAS Rainfall ~ Anomalies cv
(mm) (%) (mm) (%)

1001 745.63 -6.94 0.34 869.24 0.34 0.19
1002 764.48 -10.25 0.33 1,021.98 0.33 0.21
1003 749.58 -7.82 0.34 939.66 0.34 0.24
1004 714.72 -8.59 0.32 946.71 0.32 0.26
1005 768.22 -7.67 0.42 994.67 0.42 0.27
1006 837.37 -6.14 0.31 1,094.78 0.31 0.18
1007 827.47 -7.24 0.38 1,065.86 0.38 0.18
1008 NA NA NA NA NA NA
1009 674.55 -7.09 0.33 911.92 0.33 0.30
1010 796.72 -1.60 0.36 937.61 0.36 0.27
1011 665.95 -12.05 0.38 927.20 0.38 0.21
1012 781.05 -5.27 0.35 958.67 0.35 0.23
1013 995.75 8.70 0.39 1,067.49 0.39 0.24
1014 834.00 -5.83 0.35 1,072.05 0.35 0.17
1015 983.08 6.47 0.45 1,131.85 0.45 0.26
1016 812.97 -3.97 0.46 1,085.95 0.46 0.21
1017 825.90 0.89 0.60 1,079.26 0.60 0.26
1018 911.08 2.71 0.48 1,059.84 0.48 0.20
1019 880.02 2.67 0.48 974.21 0.48 0.25
1020 873.30 -3.25 0.31 978.17 0.31 0.26
1021 891.68 -1.28 0.33 977.62 0.33 0.25
1022 918.20 3.11 0.40 1,017.52 0.40 0.26
1023 960.18 6.20 0.49 983.81 0.49 0.21
1024 957.05 3.77 0.48 926.23 0.48 0.25
1101 764.23 =712 0.41 958.76 0.41 0.18
1201 883.63 1.57 0.45 944.83 0.45 0.25
1202 859.02 2.71 0.45 973.89 0.45 0.15
1301 806.48 -4.08 0.35 916.20 0.35 0.20
1302 906.82 4.83 0.40 891.02 0.40 0.21
1303 782.83 -2.00 0.35 811.65 0.35 0.21
Average 833.52 -2.23 0.40 983.40 15.71 0.23
Max. 995.75 8.70 0.60 1,131.85 31.84 0.30
Min. 665.95 -12.05 0.31 811.65 0.43 0.15

*Anomalies represent deviation of average 30-year during 1971~2000 in each season.
+#*CV=standard deviation/abs(mean); the ratio of standard deviation to mean.
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Fig. 9. Frequency of Heavy Rainfall and Percentage Anomalies in each Phases of El Nifio and EI Nifio
Modoki Years during the Warm Season (June to September) over the Han River Basin. (a) and (b) Distribution
of Percentage of Seasonal Anomaly in each ENSO (> 30 mm/day). (c) and (d) Distribution of Percentage
of Seasonal Anomaly in each ENSO (> 50 mm/day)
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Table 4. Frequency of Heavy Rainfall and Percentage of Anomalies over the 30 mm/day and 50 mm/day

during the Different Phase of El Nifio in each Sub-basin

El Nifio years El Nifio Modoki years
1D No. of days (day) Anomalies (%) No. of days (day) Anomalies (%)
>30mm/d >50mm/d >30mm/d >50 mm/d >30 mm/d >50 mm/d >30 mm/d >50 mm/d
1001 6.83 217 -8.48 -26.96 8.50 412 13.84 39.05
1002 7.33 2.67 -9.47 -23.81 10.00 5.62 23.46 60.71
1003 6.33 2.67 -20.50 -17.52 10.00 4.38 25.52 35.31
1004 7.00 2.67 -13.22 -21.57 9.38 512 16.22 50.73
1005 7.83 4.17 -4.08 -10.07 10.88 6.12 33.16 32.20
1006 7.67 2.33 -13.53 -37.50 11.38 6.50 28.29 74.11
1007 8.33 4.00 =7.75 -1.64 11.50 6.25 27.30 53.69
1008 NA NA NA NA NA NA NA NA
1009 7.50 3.67 6.63 11.11 9.00 4.75 27.96 43.94
1010 7.50 3.33 0.90 -3.85 9.25 4.62 24.44 33.41
1011 6.83 1.67 2.50 -44.45 9.00 4.50 35.00 50.00
1012 6.83 2.83 -9.29 -7.61 9.25 4.25 22.79 38.59
1013 11.00 5.00 15.79 2.74 10.88 6.38 14.47 30.99
1014 8.00 2.50 -7.34 -35.35 10.88 5.75 25.97 48.70
1015 10.50 4.33 9.38 -9.09 11.50 7.00 19.79 46.85
1016 8.50 3.33 -1.54 -12.28 11.25 5.75 30.31 51.32
1017 8.67 4.17 -5.11 -2.34 9.88 6.75 8.12 58.20
1018 9.17 3.83 8.27 -4.96 10.75 6.38 26.97 58.06
1019 9.67 3.83 9.43 -14.81 10.25 5.38 16.04 19.45
1020 10.50 450 9.00 -8.79 10.00 5.88 3.81 19.09
1021 9.50 4.33 3.26 -6.48 9.62 5.62 462 21.40
1022 9.67 3.83 11.11 -1.71 9.50 4.38 9.20 12.18
1023 10.50 4.67 11.31 -2.78 10.00 6.00 6.01 25.00
1024 11.00 5.67 17.86 8.28 10.12 6.25 8.48 19.43
1101 717 2.50 -6.93 —-24.24 9.50 5.25 23.38 59.09
1201 10.00 4.33 14.50 -10.96 10.00 5.88 14.50 20.72
1202 8.17 3.67 0.00 -3.51 10.00 512 22.45 34.87
1301 8.00 217 2.56 -32.99 8.88 4.88 13.78 50.77
1302 8.33 3.00 4.17 -22.41 8.50 4.38 6.25 13.15
1303 8.00 3.00 6.19 -15.09 8.12 3.38 7.86 -4.48
Average 8.49 3.48 0.88 -13.13 9.92 5.40 18.62 37.81
Max. 11.00 5.67 17.86 11.11 11.50 7.00 35.00 74.11
Min. 6.33 1.67 -20.50 -44.45 8.12 3.38 3.81 -4.48
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