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Background

What is Drought?

Context

Temporary Water Permanent
Imbalances Deficiencies

Aridity

Natural

Water Desertification

Process
(Environmental Transformation)

Shortages

Man-Made

Vlachos
(1983)

* Drought refers to the occurrence of an unusual water shortage.
* Drought should be assessed based on the shortfall of the climatic averages in the region

* If thereis no disaster caused by water shortage, it is not necessary to define it as drought.

atillit,

2,
ﬂdﬁ'ﬂ JoongBu University R

e




Natural Disasters in the World

Ref : The Human cost of weather related disasters(1995-2015)

v Share of occurrence of natural disasters by

t

disaster type (1994-2015)
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padiyyay, A, Guha-Sapir, DL {2011). *Child malnutritien and
reeurrent fooding in rural essters India: a community-based
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Mega Drought Signals frofa70 gle

California May Suffer A 35-Year-Long Megadrought If

Planet Continues To Warm

The 2010-2015 megadrought in central Chile: impacts on regional
hydroclimate and vegetation

NEWS / THAILAND

in decades

reduces reservoirs to critical levels.

Thailand hit by its worst drought

Thai dams run low as an El Nino-induced water shortage

30 provinces of Thailand declared drought
disaster zones and will receive aid

California's current drought

Why Vietnam Is Running Dry,
Worst Drought In Nearly 100
Years

ranks as "exceptionally severe"
by historieal standards

—perhaps the worst such event
in 1,200 years.

The unusual 2013-2015 drought in South Korea in the context of
a multicentury precipitation record: Inferences from a
nonstationary, multivariate, Bayesian copula model

ecosystems, economy, and society

The Millennium Drought in southeast Australia (2001-2009):
Natural and human causes and implications for water resources,
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Drought Risk

What is Risk ?

“Risk” is defined as the expectation value of losses (deaths, injuries, property, etc.) that
would be caused by a hazard.

Disaster Risk = function (Hazard, Exposure, Vulnerability)
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How to Assess Risk ?

RISK = (HAZARD] X (EXPOSURE) X (VULNERABILITY)

o e D e

We can improve our Increased awareness The greatest benefits can
abilities te monitor of the hazards faced be achieved by reducing
and forecast hazards by communities and the vulnerability to
their exposure to them natural hazards

. ¥

USGS FEMA

Vulnerable System

Exposure, sansitivity

and adaptive capacity of:

+ Population

* Economy

* Land use and development

* Infrasiructure and faciliies

* Cultural assets /

* Ecosystem goods and services. £

Ability, resources, and will to:
« Miigate +Respond &

« Prepare * Rocover

NATURAL HAZARDS
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/ HOW CAN WE REDUCE RISK? \

Built Environment

Natural Environment

Drought Risk

COMMUNITY ASSETS

ORC Drought Research Center
=

How to Assess Future Drought Risk ?

Community
Vulnerable

Drought Hazard System

* Drought Frequ.ency « Social Factors
+ Drought Severity « Economic Factors

Climate Change
Scenario

Trends Analysis

ﬂ%’“ JoongBu University

Drought Risk
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Drought Research Center




Climate Change

Climate Change Scenario

® CIMP5 GCMs
T N

CMCC-CM 0.750x0.748 Centro Euro-Mediterraneo per | Cambiamenti Climatici 45
CCSM4 1.250x0.942
CESM1-BGC 1.250x0.942 National Center for Atmospheric Research
CESM1-CAM5 1.250x0.942 P 40
-]
BCC-CSM1-1-M 1.125%1.122 Beijing Climate Center, China Meteorological Administration g
MRI-CGCM3 1.125x1.122 Meteorological Research Institute 3 a8
CNRM-CM5 1.406x1.401 Centre National de Recherches Meteorologiques
Atmosphere and Ocean Research Institute
MIROC5 1.406x1.401 30
(The University of Tokyo)
HadGEM2-A0 1.875x1.250
HadGEM2-CC 1.875x1.250 Met Office Hadley Centre 125 130
Longitude
HadGEM2-ES 1.875x1.250
INM-CM4 2.000x1.500 Institute for Numerical Mathematics
IPSL-CM5A-MR 2.500x1.268 Institut Pierre-Simon Laplace
MPI-ESM-LR 1.875x1.865
Max Planck Institute for Meteorology (MPI-M)
MPI-ESM-MR 1.875x1.865
LASG, Institute of Atmospheric Physics,
FGOALS-s2 2.813x1.659
Chinese Academy of Sciences
NorESM1-M 2.500x 1.895 Norwegian Climate Centre
GFDL-ESM2G 2.500x2.023 Geophysical Fluid Dynamics Laboratory
GFDL-ESM2M 2.500x2.023 Geophysical Fluid Dynamics Laboratory
IPSL-CM5A-LR 3.750x1.895
Institut Pierre-Simon Laplace
IPSL-CM5B-LR 3.750x1.895
BCC-CSM1-1 2.813x2.791 Beijing Climate Center, China Meteorological Administration
CanESM2 2.813x2.791 Canadian Centre for Climate Modelling and Analysis
MIROC-ESM-CHEM 2.813x2.791 Japan Agency for Marine-Earth Science and Technology,
Atmosphere and Ocean Research Institute (The University of
MIROC-ESM 2.813x2.791

Tokyo), and National Institute for Environmental Studies
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GCMs Assessment

> Annual Precipitation

i —

Al Ao B

> Drought Occurrence Frequency

ought Spell 1< ought Spell S L
GCMe RCP4T RCR8S M BCP43 RCP83
BOCCRMIT 804 533 EadGRVICC 1239 807
BCCCRMI M 1146 1194 EGEMLES 973 030
[ 75 62 -V 521 1405
COSME 91 3 PSL-CVGALR 1352 1317
CEQVIBGC 38 838 TPSL-CVBAME 145 1685
CESMI-CAVS ) 505 TPSLCAGBLR. 3 105
OICCCM 1083 083 MROCS 1057 1068
QOGNS 245 %1 MIROCESM £ 1212
ONRM-CMI 932 [ MROCEM-CEEM 802 m
TE0ALSD 1211 135% MPLESVLE 736 74
GFDLESNDG 1191 1138 MELESMMR 768 51}
GEDLESNEM. 2 1053 MRLOGCME 350 5%
FaGEEA0 [ 535 NoESIM 1139 1106

» Using SPI(6) using monthly precipitation

» Count the frequency of SPI < -1

[rﬁﬂ JoongBu University

> No. of dry days

Scenario & & Scenario & %
Gou RCP 43 BRCP 83 oM RCP 43 RCP 83
BCC-CSMI-1 30,160 35371 HadGEM2-CC 432712 38,7127
BCC-CAMI-1-M 37119 33614 HadGEM2-ES. 40,381 43,097
CanEM2 27,863 31468 NG 41504 36.828
CCSAME 30536 38028 PSLCMBALR 51,046 36013
CESMI-BGC 34263 37.991 IPSL-CAMDA-MR 41,119 46405
CESMI-CAMS 37166 38,398 IPSL-CAMDB-LR 435883 48978
CMCGCM 27014 28618 MROC 30810 35449
CNICC-CANS 33116 30449 MIROC-ESM 3234 32067
CNRLECNG 31457 33951 MIEOCE SV CHEM 27369 34126
EGOALS & 42289 32112 MPLESMLE 43910 34373
GEDL-ESM2G 57017 60,170 MPLESMMR 42053 40634
GEDL-ESMDM 48381 30,113 MRI-CGCMB 27436 32,158
HadGEMD-AQ 44636 41201 NorESMIM 47802 36333
[E&Y
> Average Drought Severity
SP1 SH <-1 SEL SPI < -1
GCME RCP43 RCP83 GCMs RCP4S RCP8S
BCCCSMI-T 163 163 HadGEM2-CC R 162
BCCCSMIIM 172 181 HadGEVIES K] 167
CaESD 136 154 L OV 17 181 *
[ 188 160 PSLCMSALR 17 100
CESMVIBGC 163 166 TPSL CVBAME 172 181
% TESMI CANS 163 164 TPSL (VBB LR 165 139
+ CMCCO 168 169 MEOG 165 B
CMCCCNE 223 -L71 MIROC-ESM 169 180
CNRMOMS -1.69 -1.57 MROCESM CHEM 1.66 -1.72
FGOALS-2 -1.80 -1.85 MPLESMLE -1.33 -159
GEDL-ESARG -1.69 -1.82 MPLESM-MR -1.60 -1.62
GEDL-ESMIM -1.69 -1.72 MRI-CGCMB -1.59 -1.60
HadGEME-ADH BT 166 NorE M1 M ER] an -

» Using SPI(6) sing monthly precipitation

» Calculate Average Severity SPI < -1
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GCM Selection for Drought Projection
0.37 | 0.45 | 0.27 0.28 0.26 | 0.25
w,
q: 0.79 1 0.45 | 0.56 | 0.42 | 0.18 0.71 | 0.47 0.66
-9
g 0.37 j 0.41 0.24
0.36 | 0.27 0.19 0.24
0.66 § 0.84 | 0.84 | 0.53 | 0.86 | 0.22 | 0.32 | 0.37 | 0.60 | 0.56
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— Wet Moderate Dry = Extreme Dry (a) Average annual rainfall, (b) Dry days, (c) Drought spell, (d) Average severity

> Selected GCMs
IPSL-CM5A-LR(Extremely Dry),

N,
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HadGEM2-AO(Moderate Dry),

# A : Assessment of CMIPS GCMs for future extreme drought analysis (Hong et al. 2018)

CanESM2(Wet)




Assessment of Drought Risk

Methodology

[ Drought Risk Assessment

Selection of Indicators

7
N | | 4
| ‘
Hazard Assessment Vulnerability Assessment
. ' 7 " v v
Meteorological Components Socio-Economic Components

Population Density

v
v’ Drought Occurrence Frequency v Farmland Area
v Average Drought Severity v Demand for Municipal Water
v
v

v’ Probability Drought Severity Demand for Agricultural Water

Demand for Industrial Water

[ Weight Calculation using AHP
\

[ Drought Hazard Index ] [ Drought Vulnerability Index ]

................................ l'i'

[ Future Drought Risk Projection ]
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Study Area
® Korean 117 River Basin ® Data

= Assessment Period

Period Year Class Information
Past 1976-2005 SO Past
2011-2040 s1 Near-future
Future 2041-2070 S2 Mid-future
2071-2099 S3 Far-future

= Indicators for Drought Risk Assessment

Period Hazard Vulnerability
Past v SPI v Population Density
v" Farmland Area
v
Drought Frequency v" Demand of Municipal Water
v .
Future Average Drought Severity v Demand of Industrial Water
v - .
Probability Drought Severity v' Demand of Agricultural Water
v KMA v WAMIS
Source o
v’ APCC v’ Statistics of Korea

)
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AHP (Analysis Hierarchy Process)

» A Multi Criteria decision making method to derive ratio scales from pair-wise comparisons.

» AHP allow some small inconsistency in judgment because human is not always consistent.

Very . - Very
Extreme strong Strongly  Slighty Equal S;flg-ﬁﬂy Strongly Strong  Extrerne
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i
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Weighting Factors

1 Hazard i 4 Vulnerabili& |
DOF PD
0.458 0.236
y DIW /\ F
/ 0.089 / 0.166
[
L\ LJ
PDS ADS
0.256 0.286 DAW DMW
0.186 0.322
Drought Occurrence Average Drought Probability Drought
2lshd Frequency Severity Severity Consistency Index
(DOP) (ADS) (PDS)
Weight 0.458 0.286 0.256 0.0013
Population | Farmland Dema‘n'd for Den:xand for D‘emand‘for
Horay Density Atas Municipal | Agricultural | industrial Consistency Index
-e (PD) (FA) Water Water Water
(DMW) (DAW) (DIW)
Weight 0.236 0.166 0.322 0.186 0.089 0.095

» Hazard = 0.458 XDOF +0.286 X ADS + 0.256 X PDS

> Vulnerability = 0.236 XPD + 0.166 X FA + 0.322 X DMW + 0.186 X DAW + 0.089 X DIW
» Risk = Hazard X Vulnerability
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Data for Hazard Assessment

SPI
Han River (SPI6)
12 + ‘ T
1 A ‘ o
10 -
Zz
o
7 8 ’ 4 1
o o
g e {
§ s | ‘ ' 1
o
3 % ' e
2 v -3
.
SDF (severity-duration-frequency)
Duration(Monty)
1 2 3 5 6 7§ 9 10 1 12
-0.50
-E -1.50
g
&
=250
R W ——— Wy ——S0yr
—+— 100yr 20yr  ——300yr ——500yr
-3.50 =l
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Drought Frequency Analysis

[ Complete Duration Series of SPI }

¢

{ Rearrangement based on

Duration (1-12month) ‘

'

[ Probability Distributions ]—

'

Gamma(3P)
Weibull(3P)

Log-Gumbel
[Frechet(3P)]

[

Parameter Estimation }

_i Lognormal(3P)

'

H

{ K-S Test

Goodness of Fit Test }

'

[ Gev Distibution |—|

Bestfit Probabilty |

¢

[ Drought Frequency Analysis }

Dry Spell
1 2014 -16.3
2 1982 -12.8
3 1988 -12.8

.

kauration-Frequency

GEV

g

-14 12
-1.3 10
-1.2 11
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Hazard Indicators

Assessment of Drought

Risk
® Drought Occurrence Frequency (DOF) — Dry Spell with SPI
Past RCP 4.5 | RCP 8.5
SO : S1 S2 S3 : S1 S2 S3
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Hazard Indicators

Assessment of Drought Risk

® Average Drought Severity (ADS) — Dry Spell with SPI

Past RCP 4.5 RCP 8.5
S0 S1 S2 S3 S1 S2 S3
Si
<
wn
=
(o)
—
£
<
o
=
w
[C)
o
©
T
o
=
bt
<
S

129 134 -139 144 149 153 -158 163 -168 -172 177 -182 187 -191 196 -201 -206 -210 -215 -2.20 -2.25(Severity)
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Hazard Indicators

Assessment of Drought
Risk

® Probability Drought Severity (PDS) — Drought Frequency Analysis

Past RCP 4.5 RCP 8.5
S0 S1 S2 S3 S1 S2 S3
5
<
wn
=
bt
|
g
$
o
=
w
o
o
]
= =
s
b
[
S
R14212 74, HE7IZt 2004 M
T TN
091 -115 -139 -1.63 -1.88 -212 -236 -260 -284 -3.09 -333 -357 -381 -405 -430 -454 -478 -5.02 -526 -551 -5.76(Severity)
“‘ﬁl" JoongBu University 22/ 31 éﬁi Drought Research Center
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Drought Hazard Index (DHI)

Assessment of Drought

Risk
® DHI= 0.458 X DOF + 0.286 X ADS + 0.256 X PDS
Past RCP 4.5 RCP 8.5
5
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09 095 1.0(ndex)
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Data for Vulnerability Assessment

® Population

Chuncheon

Total Population (person)

1993 1998 2003 2008 2013 2018 2023 2028 2033 2038 2043 2048 2053 2058

Year

" wige — suNs

® Farmland Area Forecast

Class Content of key indicators by scenario
High Demand | Maintain the Farmland of 1,656,000ha in 2025
Average
Maintain the Farmland of 1,631,000ha in 2025
Demand
Low Demand Maintain the Farmland of 1,607,000ha in 2025
Source : Agricultural Outlook 2016, Korea Rural Economic Institute

Al N
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Population data of National Statistical Office

Forecast future population by five univariate
time series prediction models(arithmetic,
logistic function..)

Farmland area of WAMIS Korea

Forecast the future farmland area based on
average demand in KREI's Agricultural
Outlook (2016)
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Data for Vulnerability Assessment

® Demand of Municipal Water

(ton)

Demand of Municipal (2013 - 2060)

year)

i
b

Hghor Hghlow
Nordor  ~8—  Novlow
lowNor 0= Lowlow

tte

® Demand of Agricultural Water

» Population, Ipcd, Industrial Area, Farmland Area ....

Sl

® Demand of Industrial Water

» National Master Plans for Water Resources Management of Korea (Water Vision2020)
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Vulnerability Indicators

Assessment of Drought
Risk

@® Population Density (PD)
SO S1 S2 S3

0 01 260 520 780 1040 1300 1560 1820 2080 2340 2600 2860 3120 3380 3640 39.00 4160 4419 4679 4939 8630 (100 person/km?)
® Farmland Area (FA)
SO S1 S2 S3

0 01 342 683 1025 1366 17.08 2049 2391 27.32 3074 3416 37.57 4099 4440 47.82 5123 5465 5807 6148 6490 68.31(1000 ha)

"‘ﬁl“ JoongBu University 26/31 éﬁ% Drought Research Center
Vulnerability Indicator et ot Do
Risk

® Demand of Municipal Water (DMW) ® Demand of Industrial Water (DIW)

S0 S1 S2 S3 S0 S1 S2 S3

0 01 84 167 251 334 418 501 585 668 752 836 919 1003 1086 117.0 1253 1337 1420 1504 1587 4908 0 01 32 64 97 129 161 193 26 258 290 322 355 387 419 451 484 516 548 580 613 1128
(10 Million/year) (10 Million/year)

® Demand of Agricultural Water (DAW)

S0 S1 S2 S3

0 01 76 151 227 303 378 454 530 605 681 757 832 908 984 1059 1135 1211 1286 1362 1438 1515
(10 Million/year)

7 il
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Drought Vulnerability Index (DVI)

Assessment of Drought
Risk

® DVI=0.236XPD + 0.166 XFA + 0.322XDMW + 0.186 X DAW + 0.089 X DIW

(Index)
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Drought Risk Index (DRI)

Assessment of Drought

Risk
® DRI = DHI X DVI
Past RCP 4.5 RCP 8.5
S0 S1 S2 S3 S1 S2 S3
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Change of Future Drought Risk

Assessment of Drought
Risk

RCP 4.5 RCP 8.5
$1/S0 S$2/S0 S1/S0 $2/S0 S$3/S0
. ’
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g
[©]
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b
c
S
100 08 060 040 020 0 -017 -040 -064 -087 111 134 157 181 204 227 251 274 298 321 344 -370 (100%)
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Conclusions
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Conclusions

* The future drought risk of the Korean peninsula varies according to climate change

scenarios.

* According to the projected drought risk, the risk of drought in the Han River and

Yeongsan River basins increased compared to the past.

* According to future period analysis, the drought risk in S1 (near future) period is

increased most severely.

* The results the future drought risk projection are expected to be used as basic data for

drought management and preparedness.
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Thank You

Joo-Heon Lee

Joongbu University
leejh@joongbu.ackr | +82-31-8075-1615
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