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o Background

The seasonal characteristics of hydrometeorological variability are closely related to
global climate phenomena and climate changes (Wang et al. 2000; Grimm, 2011).

Investigating the significant correlation between climatic factors and hydrologic data
Is very important for the accurate prediction and management of water resources
(Horel and Wallace 1981; Pizarro and Lall 2002; Kim et al. 2011).

Moreover, typhoons in the WNP have a strong influence on the hydrometeorological
variables over the Korean Peninsula (KP) during warm season. Recent climate have
also indicated that the number and intensity of TCs in the WNP are likely to increase
slightly in the 215t century (Emanuel et al., 2008; Knutson et al., 2010).

In Korea, Nearly three-fourths of annual discharge occurs during the warm season
(June—September). Warm season hydroclimatology is a key determinant of extreme
flood control and water resources management in the KP.

This research investigated the characteristic changes and physical mechanism in
hydrologic variables that occur in the Korean major River Basin and their sub-
watersheds in association with the different ENSO phases and typhoon activities in a
changing climate. . - - » B
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2D Emerging Issues for Research

= New type of El Nifo (Ashok and Yamagata, 2009)

= Projection of future typhoons (Knuston et al., 2010)
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Recent Researches

Kao and Yu(2009), Contrasting eastern-Pacific and central-Pacific types of El Nifo, J. Climate
Kug et al(2009), Two types of El Nifio events: Cold tongue El Nifio and warm pool El Niio, J.Climate
Yeh et al(2009), El Nifo in a changing climate, Nature

Feng et al(2011), Different impacts of El Nifio and El Nino Modoki on China rainfall in the decaying phases,
oc

Na et al(2011), Statistical Simulations of the Future 50-year Satistics of Cold-Tongue El Nino and Warm-pool
El Nino, APJAS

Pradhan et al(2011), Modoki Indian Ocean Dipole and western North Pacific typhoons: Possible implications
for extreme events, JGR

Ren and Jin(2011), Nifo indices for two types of ENSO, GRL
Kug et al(2012), Improved simulation of two types of El Nifio in CMIP5 models, £RL

Sea Surface Temperatures (SST) in the tropical Pacific Ocean has been reported to
have experienced a change in the cycle, intensity, and genesis of El Nifio

New type of El Nifio phenomenon has caused changes in the hydrometeorological
patterns throughout the world

However, quantitative studies on features of CT/WP El Nifno were found to be
relatively insufficient for the Korean watersheds
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2D Projections of future typhoons

natmre
geOSCIGIlCC REVIEW ARTICLE

PUBLISHED ONLINE: 21 FEBRUARY 2010 | DOI: 10,0038/ NGEOTT9

Tropical cyclones and climate change
Thomas R. Knutson'*, John L. McBride?, Johnny Chan?, Kerry Emanuel®, Greg Holland®, Chris Landsea®,

Isaac Held'. James P. Kossin”. A_ K. Srivastava® and Masato Sugi®
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D Three research objectives

= To analyze the characteristics and sensitivity of hydrometeorological

data during the warm season

= To analyze the effect of the different types of El Niho on rainfall and its

Characteristic regional changes

= To provide basic information necessary for maintaining stable water
supply and efficient management of water resources at the basin scale

by analyzing the effect of CT/WP El Niho on TC-induced rainfall
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= In 1887 flooding, 2 Million deaths (The Yellow River)
In 1931 flooding, 4 Million deaths (The Yangtze River)
In 1938 flooding, a Million deaths (The Yellow River)

--> China’s Sorrow

Bangkok
Flooding

10-12cm . 21-50cm . 51-100cm . 1-2 metres ’

L ﬁ ; v ' = Jul. 25- Sep., 2011, 3-month duration of Flooding
e 4 Y AR . One-third of the country, including also flooded Bangkok

;ﬂﬁ ——==— = 283 lives death, 2Miliion affected, $0.51 Billion Damaged




THYLLUINISLIISU T o,

-/" n3oviioB1o Uss: g‘iu PVC 18TV w

APEC CLIMATE CENTER

+ _India and Pakistan. Flooding (2010, 2014) @ () x
— : N b irﬂfr.-f’\i{l VN R o P \/",_.d_
Deaths: 557 lives mewf;
o~ e
Affected: 80,000 lives X ot L ;gaﬂuﬁ R
‘ﬁjéaﬂu\\ \i/ _¢ ' 7
Flooding: 2,500 village J— &
INDIA
+ South Korea, Flooding (1990, 2002) o™
Han River | TVDhOOﬂ RUSA,

Deaths : 163 lives
Affected : 187,263 lives

Damage: 0.19 BI||I0n dollars

=




= Different Phases of ENSO and its Local Impacts
= Changes in Typhoon Activities over the KP

* Integrated Flood Rlsk Analysis In the Korean
Han River Basm_’_‘_
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(11-1) Different Phases of
ENSO and its Local Impacts
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Study Area

Figure 1. The 5 major
river basin locations
of Korean Peninsula
(KP). Especially, the
Han River Basin and
its 24 sub-watersheds
located in the center
of the KP.
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o~ . < Diff f ENSO
Two types of El Nifio, SST Composite  CRWB 1 Nifo

* CT/WP El Nifio » EIl Nifio Modoki
N., =N, -aN, a:{Z/S,N3N4>O

Ny, =N,—aN, 0, otherwise. , by RenandJin (2011)
) 2
Figure 1. (a) Normalized Time @ o ® e
series of N; (black) and Ny (blue) | )
indices, and (b) those of N, 3 s
(black) and Ny, (pink) indices.  Z E
Dotted grey lines indicate one § 5
standard deviation of N and
Nyyp indices. I
1950 1960 1970 1980 1990 2000 2010
Figure 2. Scatter Te ,/{/ | ® /,/
plots (a) for N5 and N P N e
N, indices, and (b) _ 35 ] /,/
for Nt and Nyp 5 s g TR
indices. CORs denote z o 2 .
correlations between N Y A s
two indices in each ] // ] /’/
panel. / e o oz 4 / e o oz 4
Ns Index Ncr Index —

* Data From NOAAﬁh

e

a.gov/g@bin/da_jta/gg_)stites/printpage.pI) p—
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Two types of El Nino Classification

Figure 3. Composite seq (a) CT El NlniE¥$?£§m|£PJF) (b) WP El Nlnunggirmih(DJF)
Surface Skin Temperatura{SST) {K) Campasite Anomaly 13812010 cimo

Surfoce Skin Temperatura{SST) (K] Camposite Anomaly 1981-2010 clime
—

surface temperature _ e b e e _ s o
anomalies (SSTA) in the AT W&, 2oA st L N(%
developing phases of two ' b g e
types of El Nifio during
December-January.

140E 18 180 o 1200 " bt [T T T T 180 T TR R T T TR T el
Dec to Feb: 1973,1983,1987,1982,1838 Dec to Feb: 1969,1991,1995,2003,2005

=25 ' -1.5 =1 =0.5 é IQISI : : 1I5I R— -1.4 =1 -0.6 ":I]-Z I 0.2- Ufﬂ : I1 |-4
Table 4. Classification of El Nifio Type The Strong years during 1950-2011
the Strong CT El Nifo
years and Strong WP El CT EI Nifio 1972/73, 1982/83, 1986/87, 1991/92, 1997/98

Nino years. WP EI Nifio 1968/69, 1990/91, 1994/95, 2002/03, 2004/05

e Source: ENSO data = (URL:http://www.cpc.ncep.noaa.gov/data/indices)



http://www.cpc.ncep.noaa.gov/data/indices
http://www.cpc.ncep.noaa.gov/data/indices
http://www.cpc.ncep.noaa.gov/data/indices
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Global Precipitation Patterns over Asia

Figure 5 Composite (@) CT El Nifio years (MAM) (b) CT El Nifo years (JIA)

anomalies of GPCP seasonal e e
precipitation (MAM: March to . e
May, JJA: June to August) Aot ol
during the CT El Nifio and
WP El Nifio years over the
Asia domain.

SN

Mar ta Woy: 1983,1987,1982,1898

-5 -4 -3 -2z -1 0 1 2 3 + 5

(c) WP El Nifo years (MAM) (d) WP El Nifio years (JJA)

GPCP Precipitation GRCP Pracipitation
Precipltation (mm/day) Gomposlte Anomaly 1981-2010 clime Precipitation (mm/day) Carmpasite fnemaly 1981-2010 climo

? _.3 : _lz . u_-l‘m :Any-iam,lgga'_znos‘mn: 3 : ? _:ks : _l1 I.JiE: :ug: l1|39|,199:,:00!,,10015 . ,
* Data From NOAA GPCP (global precipitation climatology project, http://www.esrl.noaa.gov/psd/cgi- <=
bin/data/composites/printpagesphas— e P = 2
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Regional Precipitation Patterns over East Asia

) . : (a) CT El Nifio years (MAM) (b) CT El Nifio years (JJA)
Figure 6. Composite anomalies of

GPCC Precipitation Y& Combined Precipitation (mm) Composits Anomaly 1881-2010 slims

GPCC precipitation and V6 S oA S

combined seasonal (MAM: March 1

to May, JJA: June to August) WA
precipitation data during the CT N »
El Nifio and WP El Nifo years. ° Ty :
. =20
0 . —40

Mar to May: 1973,1983,1887,1992,19%6 e Jun to bug: 1973,1983,1987,1992,1999
(c) WP El Nifo years (MAM) (d) WP El Nifio years (JIA)
Frecipitation i:ff) Pcr:;i?::i.:nn::m‘i?; T!:wd 201 E climo Precipitation ‘E:‘i) Pc'—:cmi?::i.;:n.a::mcc:: ?Ign;f -201‘u climo

i
15 30
* Data From NOAA, 18 0
(http://www.esrl.noaa.gov/psd/cgi- - . "
bin/data/composites/printpage.pl) B B

Mar to May: 1968,1991,1995,2003,2005
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Seasonality

Figure 7. Annual total
precipitation and seasonal
mean precipitation over
the Mid-watershed in the
Han River basin.

Figure 8. Percentage changes
of seasonal fractional flows
and the coefficient of
variations during (a and ¢)
spring season (March to May)
and (b and d) summer season
(June to August) over the Han
River basin, Korea.

(@) Annual precipitation

ANNUAL
[ 1081 - 1149
1174 - 1210
N 1240 - 1266
N 1287 - 1316
. 1337 mm

. -
e idleg oY

*» -

a. Seasonal fractional flow (Spring)

W 17.0-17.7%
M 16.0-17.0
M 15.0-16.0
M 14.0-15.0
13.0-14.0
12.0-13.0
11.0-12.0
10.8-11.0

c. Coefficient of variation (Spring)

H 0.80-0.83
M 0.75-0.80
M 0.70-0.75
M 0.65-0.70
W 0.60-0.65
0.55-0.60
0.50-0.55
0.44-050

(b) MAM precipitation

MAM
71167 - 185
[1195 - 200
[ 203 - 205
208 - 215
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(c) JJA precipitation

A

670 - 709

738 - 748
w764 - 783
. 790 - 820
- 852 mm

Ay ‘D -
+ .

b. Seasonal fractional flow (Summer)

W 65.0-67.4%
M 62.5-650
M 60.0-62.5
M 57.5-60.0
55.0-575
52.5-55.0
50.0-52.5
47.2-50.0

d. Coefficient of variation (Summer)

M 0.30-0.33
W 0.28-0.30
W 0.25-028
0.23-0.25
0.20-0.23
0.19-0.20
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Figure 9. Empirical probability density function for the seasonal precipitation and the seasonal
streamflow by percentage of seasonal composite anomalies during CT El Nifio and WP El Nifio
over the spring and summer season over the Han River basin, Korea.




-~ Hydrological Variabilit

APEC CLIMATE CENTER

(MAM Precipitation)

Figure 10. Percentage changes of
MAM precipitation and coefficient of
variations in composite anomalies
(departures from the 1971-2000
normals) during (a and ¢) CT El Nifio
years and (b and d) WP El Nifo years
over the Han River basin, Korea. The
effects of both phases of ENSO are
shown with different color schemes
(increases in blues and decreases in
reds). The hatched polygon shows
statistically significant in seasonal
precipitation (March to May) based on
a 90 % confidence level.

y

a. CT El Nino years (Spring Rainfall)

c. CT El Nino (Coefficient of Variation)

Frequency

[N
S)

o

%
™

Freq. = 3.470
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b. WP EI Nino years (Spring Rainfall)

W 25% ~26.1%

m 20~25
15~20
10~ 15
5~10
0~5

~

d. WP El Nino (Coefficient of Variation)

m 0.70~0.78
m 0.60~0.70
m 0.50 ~0.60
m 040~0.50
0.30 ~0.40
0.20 ~0.30
0.10 ~0.20
0.08 ~0.10

=
o

Freq. = 17.804
CV=0.538

Frequency
(5
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- Hydrological Variability

(JJA Precipitation)

Figure 11. Percentage changes of
JJA precipitation and coefficient of
variations in composite anomalies
(departures from the 1971-2000
normals) during (a and c) CT El

Nifio years and (b and d) WP El
Nifio years over the Han River basin,
Korea. The effects of both phases of
ENSO are shown with different color
schemes (increases in blues and
decreases in reds). The hatched
polygon shows statistically
significant in seasonal precipitation
(June to August) based on a 90 %
confidence level.

a. CT El Nino years (Summer Rainfall)

.

W 35% ~38.4%

W 30~35

W 25~30

m 20~25
15~20
10~15
5~10
0~5
-38~0

c. CT El Nino (Coefficient of Variation)

Frequency

10

%

N

0/ '
L .

m 0.55~0.59
m 0.50 ~0.55
H 0.45~0.50
m 040~045
0.35~0.40
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0.20 ~0.25
0.12~0.20

Freq. = 5.587
CV=0.444

Frequency

Change (%)

1
25
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b. WP El Nino years (Summer Rainfall)
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d. WP El Nino (Coefficient of Variation)
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Hydrological Variability
(MAM Strea mfl OW) a. CT El Nino years (Spring Streamflow) b. WP El Nino years (Spring Streamflow)

Figure 12. Percentage changes and

W 60% ~ 67.2%

coefficient of variations in composite = 50~ 60
. W 40 ~ 50
anomalies for MAM streamflow 30 ~ 40
20 ~ 30
(departures from the 1971-2000 10~ 20
normals) during (a and ¢) CT El Nifio o
years and (b and d) WP El Nifo years
over the Han River basin, Korea. The
effects of both phases of ENSO are c. CT El Nino (Coefficient of Variation) d. WP EI Nino (Coefficient of Variation)
shown with different color schemes
(increases in blues and decreases in m 140156
m 1.20~1.40
reds). The hatched polygon shows i
statistically significant in seasonal = 0.80~1.00
0.60 ~ 0.80
streamflow (March to May) based on 040 ~0.60
a 90 % confidence level. 0.12 ~0.20
6 . 10
i Freq. = 21.833
> d ' . CV=0.304 > Freq. = 36.508
oy 1 \ = CV=0.885
S va ' ) ER
R L B e B B 0
-25 0 50 75 -25 0 25 50 75

25
Change (%) Change (%)
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- Hydrological Variability
(JJA Strea mflow) a. CT El Nino years (Summer Streamflow)

Figure 13. Percentage changes and R .
coefficient of variations in m30-35
. . W 25~30
composite anomalies of JJA = 20~ 25
streamflow (departures from the : 10215
1971-2000 normals) during (a and c) ooy
CT El Nifio years and (b and d) WP 960

El Nifio years over the Han River
basin, Korea. The effects of both c. CT El Nino (Coefficient of Variation) d. WP EI Nino (Coefficient of Variation)

phases of ENSO are shown with

different color schemes (increases in = 0.90 - 104
blues and decreases in reds). The m 080-0%
hatched polygon shows statistically = 080~070
significant in seasonal streamflow 0.40 ~ 050
0.30 ~ 0.40
(June to August) based on a 90 % 0.90 ~ 0.30
confidence level. 0.16~020
4 Freq. = 6.852 8
- ™, CV=069%4 o Freq. = 36.387
%) \, 2 CV=0.301
2, N g,
i £
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Figure 14. Percentage 1 (@ Spring (MAM) 1 (b) Summer (JJA)
anomaly (departures %07 | 80
from the 1971-2000 . | 4 y l | o
normals) chaqggs ‘ s O % s | 1 o o0
between precipitation > 40 S T w0l o o &
and streamflow in Spring £ %8 2 ‘ 3
S ‘ ® S RS <o
(MAM) and Summer (JJA) § 20 .2 g 20 . x
season during different @& - | ZE ;gﬂx
ENSO types over the o o L Y
. . . = | < CT El Nino ] %( X CT El Nino
Han River Basin and its | o WPE NN | & WPEINino
207 ‘ 207 : Center of CTs
sub-watersheds. | | . comerotCrs . | ®  Centerof WPs
_40 T | T | T | | T _40 T | T i T | T | T
-40 -20 0 20 40 60 -40 -20 0 20 40 60

Precipitation (%)

Table 3. Summary

statistics in seasonal
variability associated
with different ENSO

Statistics

Precipitation (%)

Spring (MAM)

Summer (JJA)

Precipitatio
n

Streamflo

Precipitation Streamflow

Average Change (%) 3.47 5.59 21.83 6.85
types CTElNifio  Significant (¢=0.10)  NA NA 4/23 NA
CV 0.20 0.44 0.30 0.69
Average Change (%) 17.80 21.75 36.51 36.39
WP El Nifio Significant (¢=0.10) 2/23 10/23 8/23 14/23
CV 0.54 0.24 0.89 0.30
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Hydrometeorological Variability over KP

o
during JJAS Season S —
(@) JJAS (Korean Peninsula) o
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g v‘ YA
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c 5
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(11-2) Changes In Typhoon
Activities over the Korean
Peninsula
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Figure 1. Distribution of seasonal
precipitation (June-September) in
Korea during the 1966-2007
periods. (a) Five major river
basins in Korea. (b) Distribution
of seasonal precipitation. The
annual long-term average
precipitation was noted with the
number for each histogram. The
fraction of seasonal precipitation
and TC-induced precipitation are
expressed in percentage.

el

Precipitation (mm)

TN

THYLTUINISEVE I T o

Soviiasiv Uszglu-PVe 11TV W

Han River
Geum
River Nakdong
River

Yeongsan Sumjin
River; River

T~

30 0 30 60 90 Kilometers
————

. Distribution of seasonal precipitation

Annual Precipitation
Seasonal Precipiation(June-September)
TC-induced Precipitation(June-September)

1437.3mm
1259.4mm 1238.6mm 1224.6mm 1296.7mm
71.0% 64.7%
65.3% 66.6% 63.3%
15.6% 17.3% 14.6% 16.2% 15.3%

Han River Basin  Nakdong River Geum River Sumijin River  Youngsan River




APEC CLIMATE CENTER

THYLLUINISLIISU T o,

F nSoviiaB1v Uszgl-PVe 11TV, w‘

TC Frequency / Intensity

Figure 2. TC frequency of the
CT El Nifo and WP El Nino
years. The solid lines mean a
climatological mean of TC

frequency in each region (WNP:

16.13/year, KP: 5.0/year).

Figure 3. TC intensity of the
CT El Nifio and WP El Ninho
years. (a) means central
pressure, and (b) means
wind speed in each CT/WP
El Nifio year.
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60N

Figure 6. Composite differences
of tropical cyclones (TCs)
passed through the Korean
domain (shown in a solid blue
line) during CT and WP El Nifo
years. The solid (dashed) line
indicates the seasonal mean
(June-September) of the WNP
subtropical high (5880 gpm)
during the WP (CT) El Nifo EQ
years.

40N —

120E 150E 180

The movement route of typhoons frequently appeared to be widely spread and
In an irregular zigzag pattern during CT El Nifio years. During WP El Nifo years,
relatively powerful typhoons tended to move along the seas around the KP
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Large-Scale Environments () T years

60N

Figure 7. SST-composed anomalies obtained
from Hadley SST in (a) CT years and (b) WP
years. Shading indicates values over 90% Y e

40N

confidence based on Student’s #test. 2 b

) s e /68

0 - \/

D . N EQ ﬁ\\ﬂ& (&S\'Z —\ , K/\
uring WP El Nifo years, SSTAs are e e o

comparatively high across the WNP, except for
an extended area incorporating the eastern
Kuroshio off Japan and the coastal seas off
the KP. These higher SSTAs should provide
favorable conditions for TC development as
latent heat generation might reinforce or
maintain the intensity of TCs that migrate
northward towards the KP after forming at
low latitudes

(b) WP years SST
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Large-Scale Environments

Figure 8. Vertical wind shear anomalies
obtained from NCEP-NCAR reanalysis.
Shading indicates values over 90%
confidence based on Student’s #test.

During the CT El Nifo period, negative
VWS anomalies appear to be narrow
around latitude 20°, whereas a positive
anomaly appears over latitude 25°.
Meanwhile, during the WP El Nifio period,
negative VWS anomalies form a wider
area from latitudes 20°N to 35°N. We
assume that this negative VWS zone can
maintain or reinforce the intensity of TCs
that go north towards the KP
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Local Impacts on TC-induced Heavy Rainfall

Figure 0. Composite anomalies of (a) CT El Nino (Case I) (b) WP El Nifio (Case 1)
TC-induced rainfall during CT/WP El b~ TC-induced rainfall
Nifio years. The hatched polygons &5 St PHge S ey

TC-induced rainfall
(June-September)

. . . . . o | 175 ~ 200% | 175~ 200%
indicate statistically significant § 0108 ® 1s0- 18
changes in TC rainfall based on the A0 1o 5 100- 128
o D - :
10% significance level. e =78
0~25 0~25
25~0 25~0
-50 ~ -25 -50 ~ -25
-75 ~ -50 75 ~ -50
® 100 ~-75 ® -100 ~-75
Figure 10. Composite anomalies of (a) CT El Nifio (Case ]) (b) WP El Nifio (Case II)
TC-related heavy rain days e Number of days : Number of days
H o~ T (>50mm/day) (>50mm/day)
(>50mmy/day) during CT/WP EI Nifio e ® 3.50~3.90
years. The hatched polygons indicate = 250- 300 = 250300
.o . . . - 3 = 2.00~2.
statistically significant changes in TC- : 150-200 " 130-200
. . ~ . w~ 4
induced rainy days based on the 0:50- 100 050~ 100
. .o 0~0.50 T
10% significance level. 050~0 0800
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(11-3) Integrated Flood Risk
Analysis In the Korean Han
River Basin
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Integrated Flood Risk Map for Decision Making

Conceptual Framework
» Development of a hierarchy for flood risk index incorporating several factors
» Categorized: Hydrological, Socio-economic, and Ecological criteria
* ENSO, TC, and Extreme rainfall indicators

* Integrated flood Risk Index (IRI)

Risk = Hazard + Vulnerability ,  (Maskrey, 1989) _
= function (H;, S;, £)

Goal Criteria Components | Determinants Indicators
Rainfall totals (H,) Hazards Vulnerability
Trigger Peak rainfall (Hz) l m
Frequency of extreme events (Ha) IRI( i) = < H. + E xS
Elevation (Hy) (‘]) h‘ v« __S‘ S'f
Hazard Hydrologic Condition Slope (Hs) ! =r— 1
SCS CN (H;): Land use, Soil type
Integrated Flow volume (Hy) - -
Response Peak flow (Hy) H an R Iver BaSI n
Risk Flood area (Hg)
Population (5)
Index Housing (S2)
Socio. Exposure | {1 panization (Ss)
(IRI) . Road (82)
Economic :
Susceptibili Farmer production (Ss)
Vulnerability P Y Industry production {Ss)
Resilience Refuge facility (57)
Biodiversity Forest rate (E;)
. BOD pollution load (Ez)
Ecol 1 V
COTOBICE | pollution loads | TN pollution load (Ex) i N
TP pollution load (Es) i

* Data Source: Hydrology data - (WAMIS; http://wamis.go.kr/) ® 0 s 100 Kiomsers
ENSO data Vlwww.c.noaa:qpl/g@ta/indices) L E



http://wamis.go.kr/
http://wamis.go.kr/
http://www.cpc.ncep.noaa.gov/data/indices
http://www.cpc.ncep.noaa.gov/data/indices
http://www.cpc.ncep.noaa.gov/data/indices
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Data Collection

Table 1. Hydrologic hazard, socio-economic vulnerability, and ecological vulnerability indices over the Korean Han River basin.

Hydrologic hazard
q Catchment Population D Housing D
Sub-basin Annual Annual Flood Area  Flood Dam Land Use e a'flon OUSIT‘Q ¢ Education D Road Density X Forest BOD Pollution TN Poiiution TP Pollution
Area o . . ensity nsity ) Production Sewer System
Name Jm?) Precipitation Discharge Density age Urban Area ensity (Total length/ - Area Load Load Load
(km?) (# of person/  (# of house/ (Million Won) (%)
(mm) (m3/s) (ha/km?) (TW/km2) (%) k) k) (# of school) km3) (%) (kg/day) (kg/day) (kg/day)
m m
[ 1001 [ 24479 1240 20960  0.0425 362 05 275 126 99 457 328429 840 53.0 359146 142934 18512
m Phyeongchang R 17734 1204 15538 00274 294 056 336 140 76 441 544207 829 490 353344 129539 20786
TR chungju Dam 24838 1,210 17504  0.0444 325 13 56.4 27.1 130 714 1506973 7938 786 663729 24,2947 3,5614
T Dl Stream 16144 1174 11410 01188 368 22 1284 538 137 779 3622619 7038 69.7 1177641 42,6650 8,076.7
Downstream of

LI Dam 5244 1211 3796 01028 702 06 475 181 13 1,101 239657 6438 750 112163 45071 663.9
T scom River 14910 1,298 12151 00441 299 36 2110 711 179 780 3512228 758 596 1001180 341461 6,458.3
ST Downstream of 20727 1297 16669 02279 288 22 1904 656 283 768 13693164 491 58.4 3891162 1238398 27,2174

1008 ﬁ“mgangsa" Da o738 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
IETTE Dam of Peace 3513 1,094 8263 00211 169 06 06 01 1 390 175 910 00 1469.1 806.9 759
BT chuncheonDam 15874 1187 14740 0.0069 184 12 2838 101 61 431 51648 843 6655 381335 157916 2,6300
SICRI Inbook Stream 9313 1,150 8336 00045 283 10 155 57 21 243 19099 896 663 9,734.0 44808 531.1
TPl Soyang River 18520 1,252 18975 00082 238 08 250 82 37 440 91659 917 692 257959 11,2648 14149
el Uiyam Dam 7217 1311 7651 00157 104 37 3403 1023 112 692 370,180 786 772 745444 264157 46626
m Hongcheon Rive 15660 1,303 15893 00112 111 13 433 156 71 434 585959 8638 503 526643 167418 28224
SR Cheongphyeong 7606 1337 8019 00424 146 19 1295 490 61 518 439297 830 544 631265 185203 2,8858
BT <yungan stream 611 1267 5116 00733 154 70 2753 1815 125 941 8129102 645 87.9 1645359 346436 56249
STOval Paldang Dam 439 1191 395 0.0868 145 14 438 118 10 799 29773 683 600 866.8 294.0 310
STSTI 12n River in Seo 15372 1,283 14681 01381 413 313 80701 21078 3168 6428 71185977 471 933 12565522 2885988 311733
m :?g River in Goy 8263 1,260 7341 07535 501 197 3,01522 1,072.0 968 2998 30011536 351 69.7 3802978 929356 13,6007

m §°m"ta” Strea 21952 1,288 20,800 NA NA 03 NA NA NA NA NA 89.4 NA NA NA NA
1021 [ el of Imji 20727 1,291 19228 00162 48 40 27 09 4 67 26453 686 524 8,166.6 3,503.6 627.8
T Hanthan River 24522 1293 22919 00690 261 50 617 586 252 532 6750242 656 57.3 2011074 867090 17,2412
1023 ra%”:;f/ffm of 1 14192 1,302 12797 02300 198 29 634 222 57 322 1697206 565 604 497549 14,9946 27516

Downstream of
m T 1464 1294 1370 03314 85 21 310 100 2 285 188310 223 674 14604 4868 843

* Data: WAMIS (www.wamis.go. ents-that-data-is


http://www.wamis.go.kr/
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I-i)_/drologic Time Series Data

(a) Precipitation

x 103
Figure 1. Trend analysis of  E T reriedin: v 00161+ x - 305046
annual precipitation and = "1
runoff during different 3
period in the Han River S 124
basin, (Period I: 1966-1990, &
Period II: 1991-2007) 08

1970 1980 1990 2000

(b) Runoff
x 10°

55
(O——_—_) Observed Data

= = = = Period|:Y =0.0093* X - 16.2042 -
7 = == Period Il : Y =0.1323 * X - 261.8384 /\
)

Runoff (m¥s)
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Flood Damage / Flooded Area

(a) Urban Areas (Period I) (b) Rural Areas (Period I)
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Figure 2. Flood damage and flooded area for urban and rural areas during different
periods (Period I: 1971-1990, Period I1: 1991-2007).
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o CT EINino
La Nina

0 0.2 0.4 0.6 0.8 1

Hydrological Hazard Index Hydrologic Hazards

Figure 3. Ternary diagrams for flood risk in the Han River basin between Period
I (Red: 1971-1990) and Period II (Blue: 1991-2007), and in different SST
conditions. Each point corresponds to fractional indices of flood risk and
vulnerability subject to the constraint 4, + S, + £, =1..
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Radar chart of the
Flood Risk Index (FRI)

Figure 4. Radar chart of flood risk
index (FRI) between urban areas and
rural areas during different periods.
(a), (b) show estimated results for FRI
on hydrological hazard in urban and
rural areas, (c), (d) illustrate
estimated results for FRI on socio-
economic vulnerability in urban and
rural areas, and (e), (f) represent
estimated results for FRI on
ecological vulnerability in urban and
rural areas, respectively. The solid
lines indicate FRI for Period I (1971-
1990), and the dotted lines indicate
FRI for Period II (1991-2007).
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Sp_a_tial DiStribUtion Of La Nina (2000) WP EI Nino (2005)
Flood Risk in Different
SST conditions

Hydrologic hazards

W 0.80 - 1.00 (Very High)
M 0,60 - 0.80 (High)
0.40 - 0.60 (Medium)
0.20 - 0.40 (Low)
0 - 0.20 (Very Low)

Figure 5. Hydrologic hazard,
socio-economic and ecological
VU|nerabi|ity assessment during Socio-eco (La Nina) Socio-eco (WP)
the different strongest SST
conditions over the Han River
basin, Korea.

.

Bocio—economic vulnerability
W 080 —1.00 (Very High)
W 0.60 — 0.80 (High)
W 040 - 0.60 (Medium)
0.20 — 0.40 (Low)
0 — 020 (Very Low)

£

Ecological Vul (La) Ecological Vul (WP)

Ecological vulnerability
M 0.80 — 1.00 (Very High)
W 0.60 — 0.80 (High)
0.40 — 0.60 (Medium)
0.20 — 0.40 {Low)
0 — 0.20 (Very Low)
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Integrated Flood Risk Map

(1) IFRI in different periods (2) IFRI in extreme SST conditions

(a) Flood Risk Index (Period I) (b) Flood Risk Index (Period II) La Nina {zuuu} WP EI Nino {ZUDS}

DMZ integrated Fiood Risk

Basin 0.80-1.00 (Very High)
Vistar 080 - 0.0 (Mg N
Fiood Risk Index gg -gﬁ El:::::lm]

[ Very High -
nm N 000 - 020 (Very Low)
Medium
Low
WVery Low

Integrated Flood Coverage » Integrated Flood Risk ]
Risk Index Classification : : Difference (%) - : -

Range Period 1 Period II Index Range La Niia WP El Nifio
1.000 ~ 0.80 Very High 4.47 25.99 21.52 (T) 1.00 - 0.80 Very High 0.0 8.1
0.80 ~ 0.60 High 19.89 24.90 5.01 (T) 0.80 - 0.60 High 8.1 13.0
0.60 ~ 0.40 Medium 34.24 19.94 -14.30 (1) 0.60 - 0.40 Medium 29.6 75.8
0.40 ~ 0.20 Low 16.63 13.13 350 (1) 0.40 - 0.20 Low 62.3 3.2
0.20 ~ 0.00 Very Low 24.78 16.04 -8.74 (1) 0.20 - 0.00 Very Low 0.0 0.0
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« During WP EI Nifio years, increased more precipitation and runoff during JJA
season better than CT EI Nifo years over the KP. The findings confirm that water
resources in the KP and its sub-basins during the MAM and JJA seasons are
sensitive to CT/WP EI Nifno events.

« The TC-induced summer rainfall over the major Korean river basins decreased
from normal years during CT EI Nifo years (-3.94%) and increased over normal
years during WP EI Nifo years (33.92%).

« The integrated flood risk (IFRI) during WP EI Nifio year appears increasing
tendency than La Nifia years. It may provide in developing seasonal hydrologic
estimates conditioned upon large-scale climate state for stable water supply and
flood risk management in a changing climate.

The findings of relationship between climatic factors and hydrologic parameters
are need to support more physical mechanisms in atmospheric sciences. Also it has
statistical significance problem due to the lack of data sets. Despite it can be used to
sustainable water supply and to the long-range flood forecasting system for water
resources management to end-users and stakeholders.
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Conceptual Framework for Long-range Flood Forecasting

APCC MME Forecast

Streamflow Forecast

(a) Total streamflow (b) Non- typhoon flow (c) Typhoon flow
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Fig. 2 Same as Fig. 1 but for the Indian Ocean Dipole mode index (I0DMI)

Long-range
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Ical estimates of typhoon-induced streamflo

- 4-day time window: 98% of the historical typhoon events with intercepts in
the Korean domain

(a) Empirical distribution of typhoon-induced streamflow (b) Seasonal flow volume
unit: 1000 mY's 8.64 x 10° m?
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Thoon Tracks and Dally Discharge

Based on the historical record (1966—-2005), 198 typhoon storm tracks have been recorded
within the restricted Korean domain (120 "E-138 °E, 32°N-40°N)

a. West Pacific Typhoon Tracks (1999) b. Daily Discharge and Precipitation (1999)
Juns 15 July 15 Aug 15 Sap 15
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