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@ Current Research Directions
» (Before) Global warming O Trend (increasing & decreasing)

» (Current) Climate Change OO Spatial-Temporal Variability &
Irregularity

» (Commons) Vulnerability, Mitigation & Adaptation

=  Response
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Mean Trend: 4.02 mmjyr

(12-man smoothing)
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2. 71FA7T ER nAE 9
(1) 715%ste] 93 (U.S.-EPA, 2008)

D 2 Hof /150 T AR A9 & 7L
= wind speed, solar radiation, dew point
= soil temp., ET, vegetation shift

@ U.S. EPA(2008)

= National Water Program Strategy: Response to Climate Change
» o7F S8 67] WS wok

1. FALAEAY S7t

2. FFe W sl

3. =Y Tu7teA

4. A A2 W3}

5. AAFA ] ol s Wz}
6. AtAA ] FFAQ B

National Water Program Strategy »
Response to Climate Change
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(2) 7 Agr7t 2334 PR dFHED)

D F7Hd FSFOR AR 2 A% £49 AgFl 4 5 AL
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Rainfall and Snowfall Levels/Distribution:

Effects on Water Programs
(Shaded areas reflect programs most affected by rainfall and snowfall levels)

Drinking Water Standards | Surface Water Standards | Technology Based Emergency Planning
Standards

DIOLORVEGARENNN S Clean Water Planning | Water Montoring Water Restoration/TMDLs

Underground Injection ~~ Discharge Permits Stormwater Permits Wetlands Permits
Gontrol Permits

Source Water Protection  Nonpoint Pollution Confrol ~ [8vSeliAvE National Estuaries Program

Drinking Water SRF Clean Water SRF Ocean Protection Combined Sewer Overflow
Plans
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Storm Intensity: Effects on Water Programs
(Shaded areas reflect programs most affected by storm intensity)

Drmking Water Standards

Drinking Water Planning

Underground Injecfion
Contol Permit

Surface Water Standards

Technalogy Based
Standards

Source Water Protection
Drinking Water SRF

Clean Water Planning
[ischarge Pemits

Water Montoring
Stormater Permits

Nonpont Paltion Control - Coastal Zone

Clean Water SRF

Oogan Protection

Emergency Planning

Water Restoration/TNIDLS
Wetlands Permits

Nafional Estuaries Program
Combined Seveer Qverfow

Plans
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(4) 71 & & F7PF E8g 1A= dFHD)
D Shifting aquatic species distribution
@ Extending the ranges of many invasive aquatic plants
@ Affecting fish access, survival & spawning
@ Reducing DO and intensifying summer thermal stratification
® Increasing pollutant concentration (e.g., Summer P in lakes)
® Promoting algal blooms and bacteria, fungi content
(@ More eutrophic reaction due to higher temperature

Increased water use to put stress on water infra. (e.g., WIP)

Airand Water Temperature Increases: Effects on Water Programs
(Shaded areas reflect programs most affected by air and water temperature increases)

Drinking Water Standards ~ Surface Water Standards WLy ibvjeee Emergency Planning
Standars

Drinking Water Planning ~ JO:ERNEICIAREITVRSSS Water Monitoring Water Restoration/TMDLS

Underground Iection ~— JSHELVEAEIAS Stormwater Permits Wetlands Permits

Control Permits

Source Water Protection —~ Nonpoint Polluion Contol ~ [WzRSel il Nafional Estuaries Program

Drinking Water SRF Clean Water SRF Qoean Protection Combined Sewver Overfow
Plans
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(2) Erosion Cont inuum

EARA 2 RR,

Flow

Regime Concentrated flow
Erosion
Cont 1nuum
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(4) 719z} B 34
(D Nathalie et al.(2003)

= Rhine River Basin
= [UKHI Climate Scenario
= E¥FAel fout 1207 SUkE Aow AT

@ Thodsen et al. (2008)

» Two Danish Rivers

= HIRHAM regional climate scenario

= Mean annual SS transport: 17~27% <7}
= Mean monthly changes: —26~+68%

= Vinter SS 7}, ol5~27l= SS #&

@ Nunes et al.(2009)

= Mediterranean watersheds
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(5) EAPEA d5714
O EAPEA o5 29(1): Integrated

@ EAPEA o5 EE(2): Index-based

ANSWERS (Beasely and Huggins, 1982)
AGNPS (Young et al., 1989)

CREAMS (Knisel, 1980)

EPIC (Williams et al, 1983)
WEPP (Flanagan et al., 1995)
LISEM (deRoo et al., 1996)

EUROSEM (Morgan et al., 1998)

SWAT (Arnold et al., 1994)

» More data—intensive, %

Hopy kol of el

USLE (Wischmeier and Smith, 1978)

RUSLE (Renard et al., 1

994)

)
S

AS2 (Montgomery and Diertrich, 1991)
Wetness Index (WTI, Moore et al, 1988)

nLS (McCuen and Speiss, 1995, Kim, 2006)

AR

A, uncertainty?,

Less data-intensive, A4 HS S, uncertainty?, F oFA
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(6) Kinematic Eq’ n & BFHFF TG A 7HTc)

@ Singh(2001)

ittt

» Kinematic theory & Equations &3} sj2l¢]al 7§t

=
» A5 =9 A 7H(Times of Concentration)< 3214 af4] <]
e
T

@ FA(ETFH) A HFa= =LA HTc_wsh)

» Tc_wsh = Tcc + Tco + Tci
= Tcc: avg. channel travel time
> L: flow length
» Vi flow velocity
» Tco: times of concentration for overland flow
= Tci: times of concentration for impoundments

» tlag: hydrograph lag time

l}ag

CZO6

@ T % 5ol o3k M HeYd EAAS flow regime (Tco)<}t
7} A3 (Poosen et al, 2003)
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() AF7F =LAH(Te)

@D Tco(Tc): times of concentration for overland flow

oV 'n: Manning’ s coefficient
. . *R,: hydraulic radius
j lg:l%C °1 : rainfall intensity
*L: flow length
*S @ slope

°a, b, c: parameters

A continuous

i rainfall
Landcover 9 i//;j:gyjemf
T1
Elevation(DEMs) 2 / /
= L
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2 r
3 E |
09 -
* in English Unit L) ;
w
T
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I
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Elevat1on(DEM%) )

Climate (Precip.) & Scenario -
Time
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(8) Data and Method

[+

37}

Parameter Data (Provider)

Period (Method)

Landcover
(WAMIS, EGIS)

Manning’ s n

-] & 7:1975~2000
-ZBF:2000, 2006
—-McCuen (1998)

Digital Elevation Models
(DEM, WAMIS)

—Slope percent (m/m)

Flow length DEMs

-W/0 ‘fill process’
-Flow accumulation
* resolution (30m)

21 weather stations
around Han River Basin

Precipitation
(daily-basis)

-KMA & KICT

—Observed: #~2006
-Projected: 2001~2090
-IDW interpolation method

19
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(9) Tc & o83 EA} HkY 7t d7Hex
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Climate data
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= precipitation precipitatio
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Manning’ s n
< k:1975 ~ 2000, 67§ dataset
- iz 2000, 2006, 274
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(10) A A5 4
O #A dd(daily) F9+A=

- SBHY Fue 21 BT

@

i

=713
» # ~ 2006
= 459 (FE, e $)-183(HY, 23
=t 3

@ BN B9AR
. 699 %

= 95 percentile

= 50 percentile

@ Weather Station

A Admin. Bnd.
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(11) A 7R85 95 & 50 Percentile
O EAH Gk A= 7, 7 9 9FF7E 95
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@ Weather Station

AV Admin, Bnd.

Precip. (mm, #~2006)
95 percentie

D 685-738 I 788908

Interpolation: IDW
S.R.: 100m

= RMSE

10 & 5km, 100m

150 random point

Quantile Classification

@ Weather Station
NV Adin. Bnd,

Precip. (mim, #~2006)
50 percentie

D!A—Hlll—ll

DI.Z—MIM—M 9
J L T 71

I 16-17

O Weather Station

A idmin, Bnd.

P wmw
.m.mlm.m
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(12) EAF kA A =(1975~2000, HEF)

A/ Admin. Bnd.

O]
ATe (%, 1975~2000)
. 76.9 --22.6 |:| 0.1-100.0
. 225-96 . 100.1 - 227.6
l:| 95-00 L1 Tk
30 60

4, b Sl - .'! L b - o
, A X 2l L ‘
ot o™ ! E‘M
~ | B, i e
® Weather Station ] !
Bl 4 ) s ks e
B
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(13) EAF kA A =(2000~2006, ZE7F)

G, i Aw,&.érﬂu.ﬂw
e =

® Weather Station

Tk
60

/A Admin. Bnd.

ATe (%, 2000~2006)
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(14) Y(daily) 2% AU L
O HA 84 Downscaling (A2 Aua] 2

* Dynamic 7]¥ 53 (Markov 53 &) F4 4t
» o g AdE s adete] Y9 wpyis 34, Cross-
validationo. 2 W A4 SR
HI%"" Markov Chain 2% HI%A" Markov Chain 2%
Fowchart ey T’rure Pr‘ojec’rio‘n | | | “
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Model Parcmeter Esfimation over time )
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(15) Y(daily) Z+% AUzl L

@ KMA RCM(A2 E.S.)
@ S2F99 2170 N3RS AH

® Control run

= 1970~2000

@ Projection(6~9)
= 2001~2090
= 50709 SEE
® Bt A U g
= 2010~2050(40%), 2051~2090
- 7} 9ol P95, P50 & WA o]

S 77 A AgEk g 507) bAFEe] o P95, P50 &

Tc AlAkel] A&

» Manning’ s ne 2006 @S 7|+ o® AHE

28



22HA] . 715 WSkl mE EAREAYS] FHepy Bt

160

140

120

100

80 1

00 1

40 1

2 1

20063 thH],

11.3% =7}

2006 T HT,
7.7% =7}

P95 P75 P50 P25 P95

2011~2050

P75 P50

2051~2090

P25

D&t BEg 00330

i VR R

N

olot

1 W35 DKZ BOF 095 M3Y BE:
45 0%

A mgY DAY 052 0%y O




22HA] . 71 WSkl mE EAREAYS] FHepy Bt

%0

10

50

30

10 1

-10

&3}
i
1 il
2011~2050 2051~2090
D4x BEY OO@30zE W25 Do B D95 Weg A7 079
D95 Moy Wof BgH Wy DAN Os2 Dgg 095 OF




22HA] . 715 WSkl mE EAREAYS] FHopy B}

©  Weather Station ‘
AV Admin. Bnd,

ATe (%)
2011~2030 to 2006

@ Weather Station \
/A Admin, Bnd.

ATe (%)
2051~2090 to 2006
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