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ABSTRACT

In South Korea multi-purpose dam serve important roles in contributing
approximately 58 percent of annual water supply. Recent Korean dam
operators are facing challenges in using traditional dam operation methods
based on historical dam inflow data because of occurring more severe spring
droughts in a changing climate. In 2014 longer-lasting drought from spring
to early summer broke records in the lowest dam storage levels in several
multi-purpose dams, inducing a restriction of water supply in some areas. To
reduce the negative climate change and variability impacts on dam operation
one of best options is that dam operators utilize long-range climate prediction
information to have enough longer time to prepare for potential threat such as
spring droughts.

This study developed two dry seasonal dam inflow prediction methods
based on APEC Climate Center (APCC)’s seasonal climate prediction and
teleconneciton between global climatic indices and historical dam inflow.
To do this, we first evaluated the predictability of dry seasonal dam inflow
forecast according to 10 climate models, 3 lead-times (i.e. 1-month, 2-month,
and 3-month), five hydrological models with three different parameters’ set,
and three domain areas that are used to consider the effect of using different
grid number of climate prediction (i.e. 1-point, 4-point, and 9-point). Second,
teleconnection between observed dam inflow and climatic indices obtained
from the National Oceanic and Atmospheric Administration (NOAA) Climate
Prediction Center (CPC) was analyzed to develop statistical seasonal
streamflow prediction models. Finally, we proposed the hybrid approach that
uses the combination of dynamical and statistical prediction information based
on their predictability to improve the reliability of dry seasonal dam inflow
forecasts. In addition, this study suggested to employ risk matrix to efficiently
utilize uncertain seasonal dam inflow prediction into managing real dam
operation and developing long-term dam management strategies.
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The following results were drawn from our analysis.

1) Dam inflow forecast using APCC’s climate prediction (i.e. the dynamical
approach) showed a significant predictability in every months with three
different lead-times (0.05 confidence level). Especially, the predictability in
January, March, and April with 1-month lead time showed best performance.
However, the predictability were generally reduced as lead-time increases.

2) Using multi-model ensemble (MME) in the dynamical approach
generally showed the better predictability compared to using the products
by an individual model. MME showed the best performances or similar with
the predictability of the best individual model when most of individual models
showed positive correlation with observed value. However, the predictability of
MME showed very low when some prediction showed positive correlation but
the others had negative correlation.

3) The predictability of dam inflow was dependent on evaluation criteria
(i.e. Pearson vs. Spearman rank correlation coefficients). Especially, the
performance of using individual model product showed big difference by the
selection of evaluation criteria. MME showed relatively less sensitive to the
selection of criteria than using a individual model.

4) The performance of the dynamical approach was also highly affected by
a combination of a climate model and hydrologic model selection. However,
the predictability according to the prediction domain showed relatively small
differences compared to the choice of climate model or hydrologic model.

5) Our results showed that the uncertainty in the dynamical seasonal
prediction was mainly attributed to climate model prediction and hydrologic
modeling. In the hydrologic modeling, the uncertainty caused by the different
model structures was larger than those by model parameters. This finding
indicates that the dynamical approach will be needed to seek optimal
combination of climate models and runoff models to improve the predictability

of seasonal dam inflow at a certain region.



6) Statistical approach using teleconnection between global climatic indices
and dam inflow observation showed significant predictability in forecasting a
dry seasonal dam inflow at the different lead-times (0.05 confidence level). In
particular, March, April, and May showed a significant high predictability in the
Soyang dam.

7) The verification of the statistical approach showed overall good
performance for 2006-2011 which period was not used in developing the
statistical models. This results indicated that statistical model has potential to
apply for a real prediction, although further verification process using a longer
observation will be needed to identify the availability of the statistical approach.

8) This study developed the hybrid approach for seasonal dam inflow
forecast based on the dynamical and statistical prediction information. The
statistical prediction can cover the wider range of lead times up to 12 months
compared to those of dynamical approach (up to 3 months). For example, if a
dam operator wants to predict March dam inflow in February, the dam operator
can have the three dynamical forecasts (i.e. 1-month lead in February, 2-month
lead in January, and 3-month lead in December) and eight statistical forecasts
(i.e. 3-month lead to 12-month lead except 10-month & 11-month due to no
significant forecast). Using 11 prediction the dam operator can understand

mean March inflow and its uncertainty.

9) Finally, this study proposed a risk matrix to utilize seasonal dam
inflow forecast in making decision on dam operation. This approach use a
two-dimensional risk matrix that is consisted of 3 potential available water
capacity (PAWC) and 3 likelihood ranges (i.e. low, medium, and high). PAWC
is estimated by the function of current available dam storage, expected dam
inflow (20yr low flow), and scheduled water supplies. The likelihood is defined
in terms of probability of possible dam inflow based on dynamical and statistical
prediction. The benefit of using the risk matrix is that it can easily identify the

risk and allow for specified implementation of mitigation measures.
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Figure 1. U.S. drought monitor (http://droughtmonitor.unl.edu/, left) and U.S. seasonal drought
outlook (www.cpc.ncep.noaa.gov/, right)
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University of Washington and Princeton University (www.hydro.washington.edu/forecast/

westwide/sflow)
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5571743 (Bureau of Meteorology, BoM) < -3 RHE &, S5 74 5., 7|
o= S0 ARE AA 7L 7 A|F5FTL Qt) TFoA APDGHA=S e G

E-31) (water allocations), #l| 3= (water restrictions), 544 A AFAHS Q& &

%l:’
S5 v FA 571 M= 8671 T2k ol thet 370 AL AS GBS v
AlEstaL glon, 5410 &34 x017] S8l 52l thek A% &, ENSO 59

715k} QAR A AR, G WYL 58 AH|aEkal 3tk Fig. 6). TS

2015@7FA] A el S Aul~E & 8671400141 20071 A1 8 7kA] gk g o A ot

= 1T o

E | ABOUT | CONTACTS
USTRALIA | GLOBAL ANTARCTICA

NSW VIC QLD WA SA TAS ACT

girzetly to the most rec

Pie chart legend

M Likelihood of high flow (%)
@ Likelihood of near median flow (%)
O Likelihood of low flow (%)

Figure 6. Australia’s seasonal streamflow forecasts (www.bom.gov.au/water/ssf/)



S5 A TS 577174 2] POAMA (Predictive Ocean Atmosphere Model
for Australia) 7] 592 A= o] g-sfo] AALE] = eH4] SRl 2= 7912
o] &3t FAA AS5HHE Aol WH o= AAkETH(Fig. 7).

Ae+A o 52 HA Analogue A} 71H (Timbal et al., 2008; Shao and Li, 2013)S
o]&-sto] POAMACNA AAkE 719|574 B.(~270km) 2] 0] (bias) & K73}l Skm 3]
AER AHAIZH 1557112 HAE AR E A 1 Tt o] ARk 713 B E GR4J
=Rl st & e ARE AAkshetl, 22 E w7 (parameter) 9]
S aelsh] S8l 2 71515 o ol sl 40M 8] RER 7 FaET A
I 0= F 620070 (=155x40) o] F3 S5 P& W7 A E AL, o) & 7o 73
5 SE L5 AP st} (Kuczera et al., 2006).

SAA A5 7| SR doL} FE R AS o] §514] 9kl ENSO 52 =21 7] 391#}9}
SH o] A AN TR 71HEsE B Ao S R ElS o] 43t} 57| A of| A o] 8-5h= B
pEe 5 AR (CSIRO) oA 7HkE Stk (Wang et al., 2009). ©] A 222

2 o 9] SR AP 71 FAAE o] §5to] FF 3L HARFS HEH O o

u:)
Ay

Jot4] o 5 YRS FAH NS IR E AT 19 2 Yn0) FRAEG e FA %
FULISE ANKSL, BERE) %@ﬂ o) lasto] Zhzte Fe g gl e 3
B9l 745 (weight) & AVI 8T Fig. 8). 1714 7H5A % 981 SS9 nel 5
S D5 {5 ISt ;5 of —:Lﬂs}oa A4,



POAMA Rainfall Atmosphere,
Global Climate Streamflow Sea Surface
Model Data Monitoring Data

Rainfall
Downscaling

Analogue
downscaling

Bayesian Joint
Probability (BJP)

Dynamic Models Statistical Models

Merging

Post-processing

Probabilistic

Forecast of

Streamflow
Monthly and 3 Monthly

Figure 7. Generation process of seasonal streamflow forecasts (www.bom.gov.au/)
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Figure 8. Merging method of dynamic forecasts and statistical forecasts (www.bom.gov.au/)
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FHoANM = =7 BAE (European Centre for Medium—range Weather
Forecasts, ECMWEF) £} =71747d (Met office) & TH 02 7| FASHRE Al gstaL 9l
Uk G=7137 2 ti7 1l A F R L] GloSead 7] 5-EL = o] g-ako] x| tiel 671
S RE Aabskar 3ok 1975 ARlH F- 571 A= 16U @)=, 30 €
el 5, 12708 8] AR S BE <] 2 of] thal #l&- Skt Fig. 9+ ‘ﬂ%ﬂoﬂliﬂﬂoﬂ
A Algsks DA 98] el 7120 thek A SR E BTl itk 57k
AE = A A& o] &]ol| & Fopr|o}, ofze) 7, Hopwa] 7} x| el thal] 1-47]4 2] <57
BE AlZskaL vk i E7 e BATE & 2] =+ NINO 3, NINO 3.4, NINO 49} A i AL

o|FE V| A5 K Al wataL Ut

i

r>~

ECMWEF Seasonal Forecast System 4
Prob(most likely category of precipitation) NDJ 2014/15

Forecast start eeference is 011
Ensemble size = 51, climate size = 450

<—-- below lower tercile above upper tercie —>
[l 70.100% [lleo.70% [ ]50.60% 40..50% other 40.50% [s0.60% [eo.7cv 701007
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P |
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190°W " ! " " | | 60| " 12°E
ECMWF Seasonal Forecast System 4
Prob(most likely category of 2m temperature) NDJ 2014/15
Forecast start reference is 01/10114
Ensemble size - 51, climate size - 450
<~ below lower tercile above upper tercile —>
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Figure 9. ECMWF’s probabilistic seasonal forecasts for precipitation (upper) and 2m
temperature (lower) (http://www.ecmwf.int/en/forecasts/)
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FHE7ARAE oM = A AL FZelS YRS Algstar QA etk vk A2
ZAER FR| | el 15U ool F2YSES AlTsh] 9%t 3§
(Flood Awareness System, 2011—-2016\1) 714k o}z g]7} X0 7] %
= 0] &3t 7HE 2| A R ASH R AlF A|AEN(2011-2013) 7 S-S
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&skaL ok

w A o

TR A A A= AAEA f-H ol A= EUPORIAS (European Provision of Regional
Impacts Assessments on Seasonal to Decadal Timescales) %1318 -] Ut}
(Fig. 10). o] A= 712198l (European Commission) &] %€ skl 20121358 20171
A FEE = AR 7|5 SHRBE o] 88to] 75 Rstke} 7] ol tinlskaL Aks] A
olels St & Q= TS FIATI7] s T2 EE] (prototype) & 7HEEH] <l
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O APASHREZ ol §5}o] 290 SR AP 1L AZHE 7143 ATk
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EUPORIAS

European Provision Of Regional Impacts
Assessments on Seasonal and Decadal
Timescales

Home  About Euporias  Resour

» RT @marta_b_soares: Heading down to Devon
Whilst societies have flourished or collapsed according to their ability of dealing with climate to conduct interviews with Clinton Devon
Estate farmers this week! @Euporias
@ClintonDevon @CCAda... — 12 hours 13 min
environmental conditions. EUPORIAS, a project recently funded by the European commission 2g0
» RT @marta_b_soares: Great workshop last

week with developers of seasonal to decadal

benefit of these new technologies. Working in close relation with a number of European predictions! Report coming out soon!
@Euporias http:// .. — 4 days 16 hoursago

variability and change it is only recently that we have acquired the ability to predict future

under the 7th framework program, intends to improve our ability to maximise the societal

stakeholders this project want to develop a few fully working prototypes of climate services
. & " " . » RT @carlo_tuitter: Nice to see SPECS following
addressing the need of specific users. The time horizon is set between a month and a year @Euporias example and staging a panel
ahead with the aim of extending it towards the more challenging decadal scale. Over the next esrnseion Wil WE [eadlers af the genect
assembly. ht... — 1 week 4 days ago

4 years the 24 project-partners, representing a diverse community ranging from UN n :
» RT @sdessai: @Euporias research on user

organisations te small enterprises, will increase the resilience of the European Society to needs and the communication of confidence
. . & 3 i . and uncertainty available here httpi//t.co
climate change by demonstrating how climate information can become directly usable by /1fNpi3aser — 1 week 4 days ago
decision makers in different sectors. » RT @matteedefelice: End-users needs building
blocks @Euporias General Assembly in
EUPORIAS is a four-year collaborative project funded by the European commission under the Toulouse http:f/t.co/taSMEI3Ngi — 1 week &
daysago

seventh framework programme. EUPORIAS commenced on 1 November 2012. The Euporias

Figure 10. EUPORIAS homepage (www.euporias.eu)
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AlA 2FAISE 719 (e.g., Wood et al,, 2005)-& 5= ]85Stk 34l FA14 “3A|8} 7]
o 2= 53] 7114 (e.g., Sankarasubramanian et al.,, 2008), d 4341 (CCA) (e.g.,
Landman et al., 2001), BCSD(e.g., Wood et al., 2005) 5-©] Itk #H Lol 7| T S5 e
AR5 Bl o5 71901712 HA IAE SEA O R Folg= wo] x|t Mgk 71

[e]
o] Wo] #8511 Qlt}(e.g., Coelho et al., 2006; Luo et al., 2007). A AF-E2 7|5 o=
A RE wo]x|Qt 7 0 2 Mgl i o] HEA Q) oS ST ol vldl $

T3t 555 Holthal #|A)EFAt e.g., Luo and Wood, 2008).

EA A AbA| 3kef| B3] %)< 7] 51 9l (Regional climate model, RCM) - ©]-&-3F &18+4 A}

£ B ek FAQE 935H o] A4 el ula) A7 1) go] gl A 2 st 7]
FrEe] ok AEAo] LF57] wRolth Ea Ao FrelelA Yars = T
o] X9} 715525 Ao) (bias) & FFHIL 97 W] SRR 2 g3b7] A

1%
2
o
il
o
X
Loty
(i
iib)
)
i
e
ofo
ro
oY,

= F7F71F RGO daE A o8
= ARG A S0 £ A2 HAH Leung et al,, 1999).
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Table 1. Previous studies on the dynamical approaches used for seasonal streamflow prediction (modified
from Lavers (2010))

. . )] li
Study region Climate models ownscating Reference
approach
. . Regional climate .
USA (California) UCLA GCM system model (RCSM) Kim et al., 2000
USA (Northwest/ NCEP MRF
Columbia basin) model T40 PNNLRCM Leung etal., 1999
USA (Eastern/ . Luo et al., 2007
Ohio basin) CFS/DEMETER Bayesian approach Luo and Wood, 2008
Bias correation and
USA (Eastern) NCEP GSM statistical downscaling Wood et al., 2002
(BCSD)
USA (Western) NCEP GSM BCSD Wood et al., 2005
NASA NSIPP and Wood and
USA (West) NOAA/NCEP BCSD Lettenmaier, 2006
France DEMETER Two-step method Ceron et al., 2010
Global IMA GSM None used Nakaegawa et al., 2007
e Principal components Sankarasubramanian
Philippines ECHAM#.5 regression et al., 2008
South Africa COLA Studies T30 CCA-bqsed perfect Landman et al., 2001
prognosis approach
. ECHAM4.5/
Brazil NCEP MRF 9 RCM Block et al., 2009
South America
(Parana/ DEMETER Bayesian approach Coelho et al., 2006
Tocantins basins)




2.4.2 BAA (statistical) =8

EAA ASHHS (el &, T oF S (O, sFHR) Ale]9]
AlZHA o2 XA (lagged) 73 E4 BAIE ©]-8-&thH(Table 2). AWt o2 FAH W
Ak ol vlaf H]-g-o] At A5 s A e Bol Ak Sl Eol
8131 ¢t} (e.g., Barnston et al., 2005; Wood and Lettenmaier, 2006). <+ 2 EA}
(Remote sensing) o} #=712] W 0 &2 X35, tf 7], s k2] & FdsHA 53 =+ 3l
Al =L, o5 thatEe] 7] 5|l o] ut sfj k] Al 7F Ao A Q1 e gt vl o]
WA o ® o g el whel &84 o] Foliu 1 Qi e F A4
ZHks7] wiiell 715 9 e AR #54, AR 713 Foll jizteka BEAET) gAY F

< Aol A 8ol oz o] Atk

Jdo
HHN'

71gole] o Al F SR 58]e T3] o] —aleF =8k FEQl ENSO(El
Nifio—Southern Oscillation) = THeE 2| ellA] s k] 7] Wg/dS o
L5t Qa2 285 11 QItH(Table 2). Dracup and Kahya (1994) = 1]=- 47 %]
qh 55, T BATEE FlA ENSOL] oAl #5741 SOI(Southern Oscillation
Index) 7} 83k sk oS5IAZ A = le= B3Itk Gutiérrez and Dracup
(200D &= ENSOE ©l&st A4 o] vl=r Z&0loMd 199 % l5elA
ENSOE 11314 ¢ 8211 el S of] vlsh ¢--rahvhar +74-st3i vk

Oll
-

ol

ENSO7} sFd el v A 98- x| g vz}, 7])E el w2 2] (Bl
Nifio) &= Hobd| 2] 7H(Tootle et al, 2008), Al SotHlg] 7}, Hopdel7t FAl - 2} 54
2] el A A low flow) 2 AHdo] Slck Wb Fol|g]7ke] WA F- (Barlow et
al, 2001), ol 7} ofd ) 2 ¢ A (Dettinger and Diaz, 2000) o4& s 9] 17
% (high flow) ¥} 2] %= (El Nifio) 7} ¥+ do] vt B aw lr). defxe] dnts] = T4
1 2tk (La Nifia) 7F A 7 -p-olli= 9] ol st thii-2] A ollA e =9} ab
o] A7} v = vebdet (Dettinger and Diaz, 2000).

ENSO 59] 7] 5QIA7} sk el Sofl -85 282 5= 9l50] o8] A5 24
ZH E)H A ENSO 4 A 3 (e.g., NINO 3.4, NINO 4, SOI) oﬂ st AF-2} HEof v 7%
A % (e.g., NAO, OLR, SLP)%- o] &3t A5 gdhs] Jai =] 11 gl Wilby (2001) &= 1€
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¥} 2€2] NAO (North Atlantic Oscillation) 7} G=+2] T2 A F9lol 4 8€ & HEA 9
40%%E A 3Htar A28k Kiem and Franks (2001) = 3uke] 7134 EHOH= o]
A FEE5 o] gsh= Ao] sl S-S /1A e 5 lokar Al|jlekglth. Wilby et al. (2004)
S AEH SST, i 514, o7 |e3aled Al 715 o] §3lo] Y= 240 ol 54 F=5%
< o533} Xu et al. (2007)-2> OLR (outgoing longwave radiation), 243742}, SLP (sea
level pressure) & ©]-8-5t0] T AL ol 918k A o) A -5 wiskE A ekl

.

71512} sl e Adshs FA1A 7S Agrapel] whel vhekelt) A sl
7P tisEAR] 7R 0% vkt ARl 28E3itKe.g., Wilby, 2001; Svensson and
Prudhomme, 2005; Ruiz et al, 2007). Bierkens and Van Beek (2009)% SVD
(singular value decomposition) W& ©]8-ato] +HA S 2] A& FFolS5 TS
Chandimala and Zubair(2007) ~g]&7}+e] F2 3Ql AR
A= Yala(4—99) 7 Maha(10-3€) 717ke] FelSS $l8l 77324 (PCA)
7ol FARES A48tk Kuo et al (2010)= dFHSE(SSTs) S o] 8519
AR7THFE A53817] 918l wavelet—based A1EAE G (ANN) 7S 283191t} Kalra
et al. (2013)2 Q1¥A5ERIS] data—driven F9el SVM(Support Vector Machine)

7% #-8-3to] m]52] North Platte 742] &%= 53131t

Table 2. Previous studies on the statistical approaches used for seasonal streamflow prediction (modified
from Lavers (2010))

Study region Statistical method Predictor Reference
Africa (Nile) Linear regression ENSO Eldaw et al., 2003
Africa ANN-GA/ Sea surface
(upper Blue Nile) Wavelet analysis temperatures (SSTs) Elsanabary and Gan, 2014
Asia Correlation/CCA SSTs Barlow and Tippett, 2008
Australia Serial streamﬂow ENSO Chiew et al., 2003
correlation
. Combination of three Chowdhury and
Australia statistical models ENSO Sharma, 2009
Australia Classification approach ENSO Kiem and Franks, 2001




Study region Statistical method Predictor Reference
Australia Linear regression ENSO Ruiz et al., 2007
Australia Correlation ENSO Kirono et al., 2010
Australia Bayesian approach ENSO Wang et al., 2009

Bangladesh/India Linear regression ENSO Whitaker et al., 2001
(Ganges)
Europe Lagged SVD NAO Bierkens and Van Beek, 2009
Europe ARMA/Linear SSTs Gamiz-Fortis et al., 2010
regression
Europe (River Elbe) Correlation Global Terppergture Ionita et al., 2008
and Precipitation
New Zealand Classification approach ENSO Mckerchar et al., 1998
New Zealand Linear regression ENSO Purdie and Bardsley, 2010
. . . Temperature and
Pakistan Linear regression S Archer and Fowler, 2008
precipitation
South America . . . .
. Linear regression ENSO Cardoso and Silva Dias, 2006
(Parana basin)
South Ame.rlca Correlation ENSO Gutiérrez and Dracup, 2001
(Colombia)
South America . Correlatlon./ ENSO Hastenrath, 1990
linear regression
Sri Lanka Principal comp onent SSTs, ENSO Chandimala and Zubair, 2007
regression
Sri Lanka Correlation SSTs, ENSO Zubair, 2003
. Wavelet-based
Taiwan ANN-GM SSTs Kuo et al., 2010
UK Correlation NAO, POL, SSTs Wedgbrow et al., 2002
UK Expert systems NAO, POL, SSTs Wedgbrow et al., 2005
. . SSTs, Temperature, Svensson and
UK Linear regression airflow Prudhomme, 2005
USA (Eastern) Regression approach SSTs, ENSO Devineni et al., 2008
500hPa geopotential
USA (Western) KNN LWP regression hieight, SSTs, Bracken et al., 2010
Zonal Wind, SWE
USA (NPRB) SVM

NAO

Kalra et al., 2013
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Table 3. Specification of multi-purpose dams (WAMIS, 2014)

A

Py
297k | SY | 2,703.0  2,900.0 | 1,213.0 1,200.0 13.0 0.0
3% CJ]  6,648.0 | 2,750.0 | 3,380.0 2,731.0 @ 315.0 334.0
FAgd | HS | 209.0 86.9 119.5 15.8 72.3 31.4
obEwl | AD | 1,584.0 | 1,248.0 926.0 450.0 300.0 176.0
Jdstd | IH | 1,361.0 595.0 591.6 13.0 363.6 215.0
A= | HC | 925.0 790.0 599.0 520.0 32.0 47.0
$Ad® | NG 2,285.0 309.2 573.3 224.4 226.8 122.1
Wl | MY | 95.4 73.6 73.0 50.8 13.1 9.1
¥ | GW | 875 48.7 38.3 - - -
£9% YD 930.0 815.0 1,143.2 4928 492.7 157.7
g | DC | 3,204.0 1,490.0 | 1,649.0 @ 1,300.0 = 349.0 0.0
A7 ST | 763.0 466.0 350.0 0.0 350.0 0.0
Foldl | JA | 1,010.0 | 457.0 270.1 0.0 233.6 36.5
Ferdl | BA | 59.0 50.3 35.1 28.5 6.6 0.0
»¥®  BR | 163.6 116.9 106.6 4.7 90.6 11.3
F5 JH | 193.0 191.0 127.8 100.6 7.7 19.5

A 12,387.6 11,195.5
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Figure 11. Monthly dam inflow, outflow, and reservoir level in the Soyang Dam (Jung et al., 2013)
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Table 4. K-water’s drought response action plan according to drought severity

Drought
severity Drought response action plan
classification
1st stage Control the surplus of domestic, industrial, & agricultural water supply
2nd stage Control the surplus of domestic, industrial, & agricultural water supply

Control environmental water supply

Control the surplus of domestic, industrial, & agricultural water supply

3rd stage Control environmental water supply & agricultural water supply

4th stage Control environmental, agricultural, industrial & domestic water supply
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Table 5. KMA’'s 3-month climate prediction in November 24, 2008
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5 Areal averaged precipitation (mm/day)
N 226.4mm (Jul 24-27)
80 — 72.5mm (Oct 1 - Dec 31)
] 57.9%
40 — 97.1mm (Jan 1 - Mar 31)
N 84.0%
Dam inflow (m¥sec)
160
120 —
80 — 0.20msec (Oct 1 - Dee 31)
40 —] 0.31m¥sec (Jan 1 - Mar 31)
0 IL‘LIJIllli[IIIIIIII
ETA8 0 AN A 85
Reservior level () 2o g=(2d lj;‘ﬂ) 5% restriction of water supply (Jan 7)
AA 672 ad r
EA9 670 __ 30% restriction of water supply (Jan 13)
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Figure 15. Daily areal averaged precipitation (top), dam inflow (middle), and reservoir level (bottom) of
Gwangdong dam from July 2008 to April 2009



Table 6. Gwangdong dam operation for August, 2008 through April, 2009 and drought damage over
Taeback region (Et&21} AH4, 2010)

Dam |Available days
storage for water Progress of drought damage

Reservoir level

at dam (m) (1000 m) supply
084 1092 1% 669.78 7.381.2 74.2
084d 102 2% 669.61 7.231.9 72.0 BT £ A 63 5mm
I~ ==
084 109 3% 669.37 7.024.0 69.1 (o) 42% <5)
084 109 4% 669.12 6.810.9 66.0
084 119 1% 668.83 6.568.2 62.6
084 119 2% 668.53 6.322.2 59.0
e 49 A, 22.5mm
084 119 3% 668.34 6.169.0 56.9 (I Thu] 39% %)
$E 9l A7 Fol
084 119 4% 668.01 5.907.8 53.1
084 1192 5% 667.62 5.607.0 48.8
084 129 1% 667.26 5.337.0 450 |ARA L5 SR e B
o 5 AROA 07
084 129 2% 666.85 5.038.4 40.7 (122 119)
084 129 3% 666.44 47493 36.6 Mg HEos AaEa
T ukgs (199
084 129 4% 665.99 14,4429 32.2 g 2 (124 309
2] = -
09d 19 1% 665.26 3.969.9 95.4 LA AFE A W (5% 7H3)
004 19 2% 664.68 3.615.3 20.4 (18 7)) M wAA
) 29 AT
_] =S
004 19 3% 664.26 3.370.3 16.9 (S5 25 (19 1390)
o] 4=
09d 19 4% 663.91 3.173.6 14.1 39 AN
094 1€ 5% 663.58 2.994.4 115 (50% #=) (14 18<)
094 24 1+ 663.41 2,904.5 10.2 B A} ] # ol
;ﬂ—TL 2 AR =3
094d 29 2% 663.61 3.010.5 11.7 A %_%LH@ZQ%E o
o] o= (2€ 69)
094 29 3% 663.67 3.042.7 12.2 e A B i
09y 29 43 663.57 2,989.1 11.4 (24 214)
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Precipitation trend (Jan)

B Increasing (95%)
D Increasing
[] Decreasing -
B Decreasing (95%) %

v, &a

R

W increasing (95%)
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Precipitation trend (Feb)

.e

B Increasing (95%)
D Increasing
[] Decreasing

B increasing (95%)
[] Increasing
[] Decreasing
B Decreasing 19;‘»%).‘—"

Figure 16. Results of the Mann-Kendall's trend analysis of monthly areal averaged precipitation



Precipitation trend (May)
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Figure 16. Results of the Mann-Kendall's trend analysis of monthly areal averaged precipitation
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Precipitation trend (Jan through Jun)

M Increasing (95%) =

[] Increasing
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Figure 16. Results of the Mann-Kendall’s trend analysis of monthly areal averaged precipitation
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Precipitation CV (Jan)

.

B Increasing (95%)
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[] Decreasing 7
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Precipitation CV (Mar)
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B Increasing (95%)
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Figure 17. Results of the Mann-Kendall’s trend analysis of coefficient of variation (CV) of monthly

areal averaged precipitation



Precipitation CV (May)
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Precipitation CV (Jan through Mar)
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&

Figure 17. Results of the Mann-Kendall’s trend analysis of coefficient of variation (CV) of monthly
areal averaged precipitation (continued)




Precipitation CV (Jan through Jun)

M Increasing (95%) ™
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[] Decreasing o
B Decreasing (95%) %

* &

Figure 17. Results of the Mann-Kendall’s trend analysis of coefficient of variation (CV) of monthly
areal averaged precipitation (continued)
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Figure 18. Results of the Mann-Kendall’s trend analysis of monthly dam inflow of Soyang dam
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Figure 19. Results of the Mann-Kendall's trend analysis of monthly dam inflow of Chungju dam



46

Pl

Runoff depth deviation (mm/month)

Decrease (20%)

Feb Decrease
— Ave.=13.7
U D L B
1980 1990 2000 2010
Apr Decrease
_T|Ave.=45.6
NN Y L T
1980 1990 2000 2010
Jun Increase
"] Ave.=59.8
A A
1980 1990 2000 2010
Apr through Jun Increase

Ave. = 166.6

1980 1990 2000

Decrease

20 80
- 60

10 — 40

0 — “@
-10 T | T I T | T | -20

1980 1990 2000 2010
80 tar — Decrease 120
— Ave. = 28.
40 — 80
- 40
Bi= 0
-40 T I T | T | T | -40
1980 1990 2000 2010
M
120 ay Increase 300
80 _: Ave. =511 200
40 —

0 _: 100
-40 —| 0
-80 -100

LA & L]
1980 1990 2000 2010
Jan through M
120 ugh Mar Decrease 300
80 _1Ave.=51.1 200
40 — 100

0= ufﬂ'tn"thq]I[LF 0
-40 — -100
-80 -200

A L
1980 1990 2000 2010
300 — Jan through Jun
200 — Ave. = 207.6
100 —
0 —
-100 —
-200

1980 1990

2000 2010

Year

Figure 20. Results of the Mann-Kendall’'s trend analysis of monthly dam inflow of Andong dam
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Table 7. Mann-Kendall statistics and significance level of coefficient of variation (CV) of monthly dam inflow
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Figure 21. Seasonal Soyang dam'’s inflow for 1974-2012
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Table 8. Description of the GCMs used for APCC Multi-model Ensemble (MME)

Model F
ode Institution (country) Resolution OEECast Reference
acronym range
Hydrometeorological Centre of 1.40625° Tolstykh et al.
HMC Russia (Russia) x1.1250 4 months (2010)
Korea Meteorological o o Park et al.
GDAPS_F Administration (Korea) 107> 1.0 ) (2002)
MSC Meteorological Service of o o Kim et al.
CANCM3 Canada (Canada) 2.57%2.5% | 12 months (2002)
MSC Meteorological Service of o o Simmons et al.
CANCM4 Canada (Canada) 2.5°x2.5° | 12 months (2004)
Climate Prediction Center / o o Saha et al.
NCEP NCEP/NWS / NOAA (USA) 107> 1.0 9 months (2010)
Centre for Australian Weather
and Climate Research / o o Zhong et al.
POAMA Bureau of Meteorology 257725 9 months (2005)
(Australia)
NASA National Aeronautics and ) ) Molod et al.
Space Administration (USA) 2012
Pusan National University Sun and Ahn
PNU (PNU) T42 L18 6 months 2011)
Central Weather Bureau Liou et al.
CWB (Taipe) T42L18 - (1997)
IMA Japan Meteorological Agency i 3 i
(Japan)
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ten climate models
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(snowmelt) F5-2 A3 Zlojth o] = 57 d=A B2 = 8
5o 5ol H7F AT (A€, 2013). F LA (2013) ellM = = EF ] vzl v
A S Frsl7] 218 2 R E Al Je] misiEa A o] 8ekitt ZF miiE
I AT BurEs F BAEEE 24342 Nash—Sutcliffe Efficiency (NSE),
log—NSE, precent bias® Z+2} 2474 3}31 SCE-UA "'H (Duan et al., 1993) S =3l 45
ATt Aol tisl 571 554 E'a‘é A= Kling—Gupta efficiency (KGE) (Gupta et
al, 2009)= ol-&ste] AT Ao} 1/Fe] 7% 0.80 o], AF 0.65 o, B
0.76 o2 3k& Rof, #EA & —:LAMH] T olah= 7 0 7 et €E5X 58 0] 1A
Sk 82 44 (2013) & FFarstr] wet,

I

ABCD model [ABCD) Guo model (GUD) Belgium model (VUB)

Temperature  Precipitation Tempelatulz Precipitation Temperature  Precipitation

i -
stol
transpiration L

&luwmell‘i

AET

anl:lal Snciu
‘rmmirll.ion fhoties

Sm)wmelt Snnwmeltl

!
Potential Sriow
transpiration | ™%

Soil moisture storage

Upper soil zone

lower soil zone Groundwater storage

Quick
runaff

Direct

* Base flow
runoff

Simulated runoff Simulated runoff Simulated runoff

Water balance model (WBM) Xiong model (Xiong)

Temml

Precipitation Tempemure Precipitation

Snawrnell

AET

MMH Snow
Iranslﬂlatlon i

Snr.mmelll

Soil moisture storage

Simulated runoff Simulated runoff

Figure 23. Conceptual structure of hydrological processes in each water balance model. Here AET is

actual evapotranspiration (2, 2013)

52 HnEnA



54 2RI L ©18T A ASEL AR

oo = gt alleF 2 ofy] Ao ® v NOAA CPC(climate prediction
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Table 9. Climate indices: Monthly atmospheric and ocean time series (CPC, 2014)

Climate index Abb. Description
Pacific North PNA One of the most prominent modes of low-frequency variability in the
American Index Northern Hemisphere extratropics
East Pacific/ North . . .
Pacific Oscillation EP/NP | A Spring-Summer-Fall pattern with three main anomaly centers
Western Pacific Index WPO A primary mode of low-frequency variability over the North Pacific
in all months
Eastern Asia/Western Second prominent mode of low-frequency variability over the North
. EA/WR . . .
Russia Atlantic, and appears as a leading mode in all months
North Atlantic NAO One of the most prominent teleconnection patterns in all
Oscillation seasons is the North Atlantic Oscillation
Southern Oscillation The development and intensity of El Nifio or La Nifa events in the
SOI Pacific Ocean, calculated using the pressure differences between
Index .. .
Tahiti and Darwin
Eastern Tropical Nino3 The average of sea surface temperature anomalies over the region
Pacific SST © from 5N to 5S and 150W to 90W
Bivariate ENSO BEST Calculated from combining a standardized SOI and a standardized
Timeseries Nino3.4 sea surface temperature (SST) time series
Tropical Northern TNA Anomaly of the average of the monthly SST from 5.5N to 23.5N and
Atlantic Index 15W to 57.5W
Tropical Southern TSA Anomaly of the average of the monthly SST from Eq-20S and 10E-
Atlantic Index 30W
Western Hemisphere WHWP Monthly anomaly of the ocean surface area warmer than 28.5°C in
warm pool the Atlantic and eastern North Pacific
Three month running mean of NOAA ERSST.v2 SST anomalies in
Oceanic Nino Index ONI the Nino 3.4 region (SN-58S, 120-170W), based on the 1971-2000
base period
Multivariate MEI Time series is bimonthly so the Jan value represents the Dec-Jan
ENSO Index value and is centered between the months
Extreme Eastern Nino 142 The average of sea surface temperature anomalies over the region
Tropical Pacific SST from 0 to 10S and 90W to 80W
Central Tropical Nino 4 The average of sea surface temperature anomalies over the region
Pacific SST from 5N to 5S and 160E to 150W
East Central Tropical Nino 3.4 The average of sea surface temperature anomalies over the region
Pacific SST ' from 5N to 5S and 170W to 120W
Pacific Decadal PDO The leading principal component of monthly SST anomalies in the
Oscillation North Pacific Ocean
Northern Oscillation NOI Climate variability based on the difference in sea level pressure
Index anomalies at the North Pacific High and near Darwin Australia
North Pacific pattern NP Area-weighted sea level pressure over the region 30N-65N, 160E-
140W
Trans-Nifio Index TNI El Niflo evolution

54 ez=nN




Table 9. Climate indices: Monthly atmospheric and ocean time series (CPC, 2014) (Continued)

Climate index Abb. Description

. o The first leading mode from the EOF analysis of monthly mean

Arctic Oscillation AO height anomalies at 1000-hPa (NH)
. o The first leading mode from the EOF analysis of monthly mean

Antarctic Oscillation AAO height anomalies at 700-hPa (SH)
Pacific Warmpool PW Ist EOF of SST (60e-170E, 15S-15N) SST EOF,
E:r(()’g‘cal Pacific SST TPSE | Ist EOF of SST 20N-208S, 120E-60W
g‘g‘;"m Tripole SST ATLTRI | 1st EOF of SST 10N-70N, 0-80W
Atla.ntlc. Multidecadal AMO The patterns of SST variability in the North Atlantic
Oscillation
Atlantic Meridional AMM Meridional modes of atmosphere-ocean variability in the tropical
Mode Pacific and tropical Atlantic
North Tropical Atlantic NTA timeseries of SST anomalies averaged over 60W to 20W, 6N to 18N
SST Index and 20W to 10W, 6N to 10N
Caribbean SST Index CAR Time series of SST anomalies averaged over the Caribbean
Atla.ntlc. Multidecadal AMOSM | Smoothed AMO with a 121 month smoother
Oscillation, smoothed
ggii-Blenmal Oscil- QBO Zonal average of the 30mb zonal wind at the equator
Globally Integrated
Angular Momentum GIAM Globally Integrated Angular Momentum
Elljes)? precipitation ESPI Time series of rainfall data in the Tropical Pacific
Ce.n tral Indian Precipi- CIP Core monsoon India rainfall
tation
Sahel Standardized SahelRain | 2Verage June through September African rainfall within 20-8N,
Rainfall AN 20w-10E
SahelArea averaged
precipitation for Ari- SWM Averaged monthly precipitation in Arizona and New Mexico
zona and New Mexico
Northeast Brazil Rain- NBRA The northeast Brazil rainfall index is calculated from data for For-
fall Anomaly taleza (3.7S, 38.5W) and Quixeramobim (5.3S, 39.3W) Brazil
Solar Flux Solar 10.7cm Solar Flux Data
Global Mean Lan/ cean GMLOT | Anomaly of the mean of global land and ocean temperature
Temperature Index
Equatorial Eastern ESLP Sea level pressure anomalies in the equatorial eastern Pacific

Pacific SLP
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Figure 25. Spearman’s rank correlation coefficient of the combination of climate models, domains,
water balance models, and parameters for 2 month lead
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Figure 26. Spearman’s rank correlation coefficient of the combination of climate models, domains,
water balance models, and parameters for 3 month lead prediction
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Table 10. Best prediction for each month and lead time depending on climate model, domain, and water
balance model based on Spearman’s rank correlation

Best prediction

Lead time
Climate model

1-month MME 4-point ABCD 0.63™

January 2-month IMA 4-point VUB 0.48°
3-month MME 4-point Xiong 0.39

1-month MME 4-point Xiong 0.72*

February 2-month MME 4-point Xiong 0.47
3-month NCEP 9-point VUB 0.50"

1-month MME 4-point Xiong 0.73™

March 2-month MME 4-point ABCD 0.64"
3-month MME 9-point VUB 0.42"

1-month MME 4-point ABCD 0.70*

April 2-month MME 4-point Xiong 0.51"
3-month MME 4-point Xiong 0.54"

1-month HMC 4-point Xiong 0.42°

May 2-month MME 1-point GUO 0.51"
3-month MME 4-point ABCD 0.47

1-month MSC_CANCM3 4-point ABCD 047

June 2-month PNU 1-point VUB 0.56™
3-month MSC CANCM3 1-point Xiong 0.43"

' Corr = 1 - [(6xZd%)/(n*-n)]. Here d is the difference in rank between simulated and observed values.
n is the number of data
= 0.05 significance level =+ 0.01 significance level
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Figure 27. Pearson’s correlation coefficient of the combination of climate models, domains, water
balance models, and parameters for 1 month lead prediction
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Figure 28. Pearson’s correlation coefficient of the combination of climate models, domains, water

balance models, and parameters for 2 month lead prediction
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Figure 29. Pearson’s correlation coefficient of the combination of climate models, domains, water
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Table 11. Best prediction for each month and lead time depending on climate model, domain, and
water balance model based on Pearson’s correlation

Best prediction

Lead time Water
Climate model balance
model

1-month MME 4-point ABCD 0.63™
January 2-month NASA 4-point Xiong 0.69"
3-month GDAPS F 4-point Xiong 0.55™

1-month MME 4-point ABCD 0.48"
February 2-month NASA 4-point Xiong 0.59"
3-month MSC_CANCM3 4-point Xiong 0.76"
1-month MME 4-point Xiong 0.70™
March 2-month MME 4-point Xiong 0.59"
3-month MSC CANCM3 4-point Xiong 0.48"
1-month MME 4-point ABCD 0.70*
April 2-month MME 4-point Xiong 0.53™
3-month MME 4-point Xiong 0.49

1-month NASA 4-point GUO 0.40
May 2-month CWB 1-point Xiong 0.55"
3-month MSC_CANCM4 9-point Xiong 0.50"
1-month NCEP 4-point Xiong 0.54"

June 2-month HMC 9-point VUB 0.51"
3-month MME 4-point Xiong 0.43"

"Corr= SSys/ \/SS, <SS, SS,, = ¥,(0,— 0)S,—8), 55, =Y,(0,— 0,
Here O is observed and S is simulated
* 0.05 significance level *+ 0.01 significance level
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Figure 30. Performance of water balance models according to three different parameter set using
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MSC_CANCM4 1-month lead prediction, Three lines indicates the simulated flow with
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Table 12. Explanatory variables (predictors) used this study for each month with different lead times

)

Solar(-2) AAO(-5) TSA(0) AO(-2)
0 month | EA/WR(-8) :ﬂﬁ_l{g EA/WR(-2) Asg)(-zg WPO(-12) PNA(-4)
TSA(-11) 19 PNA(-12) -6) GIAM(0) NAO(-2)
Solar(-2) AAO(-5) WPO(-12) AO(-2)
I month | EA/WR(-8) ZF/&(('}I(Q) EA/WR(-2) :2(1)(;_26)) AO(-10) PNA(-4)
TSA(-11) PNA(-12) NAO(-5) NAO(-2)
Solar(-2) AAO(-5) WPO(-12) AO(-2)
2month | EA/WR(-8) ;11\\1/1[;4(_11(:)) EA/WR(-2) :23’26) AO(-10) PNA(-4)
TSA(-11) -10) PNA(-12) -6) NAO(-5) NAO(-2)
EA/WR(-8) AAO(-5) WPO(-12) PNA(-4)
3 month TSA(-11) :11\\]41;4(_11(2 PNA(-12) EA&%(_? AO(-10) AO(-11)
Solar(-3) 10 Solar(-3) -3) NAO(-5) SOI(-11)
EA/WRGS) 10) AAO(-5) AAO(-6) WPO(-12) PNA(-4)
4 month TSA(-11) AMM(10 PNA(-12) SOI(-4) AO(-10) AO(-11)
Solar(-4) -10) Solar(-9) NINAI1(-4) NAO(-5) SOI(-11)
o BV T MO oy YO s

Solar(-11) CAR(-12) SOI(-5)
Solar(-9) NAO(-5) AMM(-11)
EA/WR(-8) | TNA(-10) AAO(7) AAO(-6) WPO(-12) AOC1D)
6month ¢ larC11) CARC12) PNA(-12) ESLP(-7) AOC-10) SOI(-11)
© Solar(-9) Solar(-8) AMM(-11)
AAO(-7 AO(-11
7 monty | EA/WRGS) | TNA(-10) PNA (fl 2)) ESLP(-7) WPO(-12) S 01((-1 1))
Solar(-11) CAR(-12) Solar(-9) Solar(-8) AO(-10) AMMC11)
PNA(-12) Solar(-8) AO(-11)
8 month ESA/IWRES) ?:g('ig) Solar(-9) PNA(-12) \X}:)O(iif) SOI(-11)
olar(-11) 12 WHWPCI) | NAOG9) -10) AMM(-11)
PNA(-12) AO(-11)
9 month TTSI‘\I‘X'IJ) ?:g('ig) Solar(-9) ?\‘I’E(r)('lgz) \120(11)2) SOI(-11)
9 -12) WHWP(-11) -9) -10) AMM(-11)
TSA(-11) Solar(-12) AO(-11)
10 month = Solar(-11) gig('ig) ;II;@(PSHI)I PNA(-12) \X%O(ii)z) SOI(-11)
TNA(-10) -12) 1D ESLP(-11) (-10) AMM(-11)
TNA(-11) Solar(-12) WPO(-12) AO(-11)
11 month STSIA('IIII) CAR(-12) ;g@glzl)l PNA(-12) | EP/NP(-12) SOI(-11)
olar-1h) 1 pp Np12) CID T ESLPC11) | QBOGI2) | AMM(-11)
TSAC12) TNA(-12) PNA(-12) Solar(-12) WPO(-12) AAO(-12)
2month | 12) CAR(-12) | NINA3(-12) | PNA(-12) | EP/NP(-12) | ESLP(-12)
ot EP/NP(-12) | Solar(-12) TSA(-12) QBO(-12) SOI(-12)
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Figure 38. Pearson’s correlation and Spearman’s rank correlation between observed flow and



¢ 0-mlead © 3-mlead ¢ 6-mlead =~ 9-mlead ¢ 12-m lead
< 1-m lead 4-m lead ¢ 7-mlead < 10-m lead
January 0-m lead ¢ 5-mlead ¢ 8-mlead ¢ 11-m lead

Calibration
(1983-2005)

w
Illlllk
&

50
40
30
20
10

Calibration Prediction
(1983-2005) (2006-2011)

lILIlIlIJ

100
80
60
40
20

120

80 —

Dam inflow runoff depth (mm/month)

Calibration Prediction
(1983-2005) (2006-2011)

- Calibration
(1983-2005) (2006-2017)

4

Year (1983 ~ 2011)

Figure 39. Comparison between observed flow and simulated flow by statistical streamflow prediction
model

AFETM



T ARASAHRE 283 585 ZAo7] He-d el

B Ao E= APCC MMEe] &8%+= 107 713249 370 o= hindcast

(2003-2005)% o] 8510] 18t2] 7|ure] 25:7] Aok FIe) A5YE oS

2 UERTGE % 17 A= Ale]). 53] 14, 349, 48 072 1702 A=
oM Pt ASA3E BT ey SRl 2704, S7HE R Ao ol ulet A5

ol Ankr o= stk (1, 3¢, 49).

A8 71 F R ) Aaoh op oFe] e S Bl

)

A2 71 BA A ST AL AP B47] FUFL N QA 55

= A02 Yt (Fig. 39). 53] 3¢, 492, 52 HHAF AS5ollA thakst A ae S A 7k
sl ggAo] 2 A0 FA L 29 FH ol SellM s FolahA] F2 oSS 1
R, ol st FAA SEEL S ] SHAIE T3] 918l 9 8HA] 7|0k a9 of
S4 v} Waysto] -85k Hybrid ©2to] F @3t} SA14 oAS5m o] A3d2 theket Al
FASA el el Al RS 75T vhs A 0%, 6719 o)) 7] el Sl
ggAdo] F A 07 AET

g2 APCC MME 7|2 28 o] &
[e)
a1

1
& o18t2] o2 (Ao 1l NG AZre] BRIV WIHZAD). o=, 39 T

AZISHE U AZATS B2 24| LIS U ol 712 e 81



dF= 2 A@D) ol A5 A-F 27t 7H 7 Al 2l o] 54 B+= APCC MME
£ ol &g Al 78] A8 SR, S o] 12€ 0] of| S35 371 A3l 1L of| S5t
2718 Ao, QL 290 S 1712 Ao S0)

40). &=, FAA o SolM= dl5Ado] sk 371 A ASHE 9id A=, 1270
4 AP =g HE slsto] 872 o|=7 ¥ (diamonds & crosses in Fig. 40) S &-8-3F 4= 9]
ok b ARG A= T 11700 ASAARE 7 1L 3E A UHS A5 5 Sl

AT} (squares & circles in Fig.

o] 74 Fig. 40014 2} o] of8l 7]ke] 179 Aael o] 74 jZ4o] %1, o}
2 71] 349 AYAZ PRI 7P NS o] e e B
Paajo] OAARE FAE o IS shErt AdA Bz

o} eiupebd e SR e w e e arstar Q7] wigolt) webA 7 o
o

o] T SN E FEH 0T AMstn AAO) WAFII FF THLL mestel £
At AR S AR o] B sit) B AT Risk Matrix ©] £ 4
& ARKSIIT. olef thall A= thedel Apals] 7] stsich



January

08
= O
06 — a
i @ Pearson's correlation at 0.05 &gmﬁcime level
T T o o o S S SN
1 s ' rank correlafion af 0,05 signiicance level 7 $
02 - peanman s rank corre, ation at 0. significance leve, ’\+
0 T T T T T T T T T T T T T
0 1 2 3 4 5 6 i 8 9 10 M1 12
Februa
0.8 @) L
z 4 O
% 0.6 — )
el o D
E 04—““*
S T+ + + + + + + + + + +
s 02— ko
g +
g -
0 I 1 1 ] 1 1 I I 1 | I 1 |

0 1 2 3 4 5 6 7 8 9 10 11 12

0 T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Lead time (month)

(O Dynamical (Pearson's correlation) < Statistical (Pearson's correlation)
[] Dynamical (Spearman's rank correlation) =+ Statistical (Spearman's rank correlation)

Figure 40. Forecast time (yellow filled circle) and range (bar) of dynamical and statistical prediction
developed this study



84

Figure 41. Forecast time (yellow filled circle) and range (bar) of dynamical and statistical prediction
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Table 12. K-water’s drought response action plan according to drought severity and relevant rices
stage determined by risk matrix

Drought Risk

severity classifi- Drought response action plan
classification | cation

Ist stage - Control the surplus of domestic, industrial, & agricultural water supply

Control the surplus of domestic, industrial, & agricultural water supply

2nd stage ! Control environmental water supply

Control the surplus of domestic, industrial, & agricultural water supply

3rd stage 2 Control environmental water supply & agricultural water supply

4th stage 3.4 Control environmental, agricultural, industrial & domestic water supply
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