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Abstract

This study proposes a new methodology for future water balance projection considering climate change
by assigning a weight to each scenario instead of inputting future streamflows based on GCMs into a water
balance model directly. K-nearest neighbor algorithm was employed to assign weights and streamflows
in non—flood period (October to the following June) was selected as the criterion for assigning weights.
GCM-~-driven precipitation was input to TANK model to simulate future streamflow scenarios and Quantile
Mapping was applied to correct bias between GCM hindcast and historical data. Based on these bias—corrected
streamflows, different weights were assigned to each streamflow scenarios to calculate water shortage for
the projection periods; 2020s (2010~2039), 2050s (2040~2069), and 2080s (2070~2099). As a result by applying
the proposed methodology to project water shortage over the Korean Peninsula, average water shortage
for 2020s is projected to increase to 10~32% comparing to the basis (1967 ~2003). In addition, according
to getting decreased in streamflows in non-flood period gradually by 2080s, average water shortage for
2080s is projected to increase up to 97% (516.5 million m:s/yr) as maximum comparing to the basis. While
the existing research on climate change gives radical increase in future water shortage, the results projected
by the weighting method shows conservative change. This study has significance in the applicability of
water balance projection regarding climate change, keeping the existing framework of national water
resources planning and this lessens the confusion for decision-makers in water sectors.
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o A-g9 AlEl(Groves et al., 2008; Sharif and Burn, 2006;
Yates, 2003)7} )= K-nearest neighbor (A—nn) bootstrap

T )= O By
Table 1. Comparison of the Existing Results in Water Shortage Projection (unit:10°m®)
. Water Vision 2020 (modified in 2006) Strategic Report (2009)?
Water shortage projection . -
in the Korean Peninsula Target period 2020 Target period 2040s
Flow scenarios (1967 ~2003) Flow scenarios (2031 ~2060)
Maximum shortage 862 3,300
Increase ratio” (%) +283%

PWater Vision 2020 (2006~2020) (MOCT, 2006)
PNational Water Resources Security Against Climate Change (MLTM, 2009)
Jncrease ratio (%): change ratio from the results in Water Vision 2020 (MOCT, 2006) excluding climate change impacts
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observed climate variables

GCM climate variables
for future periods

rainfall-runoff model

rainfall-runoff model

historic runoff scenarios

bias correction

assigning weight to each
historic runoff scenario

for future periods

water shortage projection

!

future runoff scenarios

Fig. 1. Framework of This Research
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Fig. 2. Procedure for Generating Future Climate
Scenarios

Table 2. Runoff Characteristics of Four Major River Basins (MLTM, 2011)

Mean annual runoff (million m®) Runoff ratio (%)
Han River 174 59.0
Nakdong River 158 55.6
Geum River 78 61.9
Yeongsan & Seomjin Rivers 77 62.3
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Table 3. GCMs Information
. Resolution (km)
GCMs (agency: version) Country
Atmosphere Ocean
CNRM: CM3 France 128 x 64 182 x 152
CONS: ECHO-G Germany/ Korea 96 x 48 128 x 117
CSIRO: MK3.0 Australia 192 x 96 192 x 189
UKMO: HadCM3 UK 192 x 144 360 x 216
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Fig. 3. Monthly Streamflow Change in the Korean Peninsula
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Fig. 4. Constructed Networks of the Han River Basin
in K-WEAP

464 H8E 20139 8H

SR PR )

S48 A% BF o0 A9 0621 NFS
Fgo] w97} BRED 299 A B

0%
£
r o)
s
il
)
N
el
¥o,
oo
o
t
rO
i)
32
o
A
[

g
1o
Ho
18
=2

N 2 2l
Azl 714 B GG N aths AS BelFE o)
ok mebd TRegk A Ve e s wge) e A
! .

Erw Ads S8 A-E 2020s 77> 2010~2039
oz Aeojsn, A AAFE 4 A

HE0D) HE) 7
A2 Bal Y Pl U Ve BREFE e
ohBRT BAS AAE A SEEN £a

kil
ZIET8 AlYEl et FA Gl sdEAl drdErta
7H3F T 20208 el Wist hitE 407} feE
. 2020s9] 79 A

o 2F FAART FGoA ERSEo] ) 21999
rd o Jbg wol whAlE Ao AwE A 7}

i

¢

W F7heRE 57 F90lA Aol 16767 27
She Ao Agslo] BRE) vat ekl /b 27

3.3.3 7|& 7|FH3} ATetel vl

AAZ FF FEAY Qo] 155 JFL 32
sokahe Ay Aol 1 715} Al ee)
S ow 8 AYANE Ao A S g
W, 53] e BREY] td Agdse 4348
e AT AEste) PFo] Wbssie). webd 7%
Wsk AT QofA ofe] AT WHME FAA ofl
813



Table 4. Average Water Shortage Projections in the Four Major River Basins: 2020

(a) Han River basin

(unit: 10°m?)

2020s (2010-2039)

Water Vision 2020 . .
(modified in 2006) Emission scenarios GCMs GCMs
CNRM CSIRO CONS UKMO average
41.98 A2 scenario 47.06 42.31 51.60 5291 48.47
Increase ratio” (%) (+12%) (+1%) (+23%) (+26%) (+15%)
A1B scenario 53.39 50.26 50.66 51.38 51.43
Increase ratio (%) (+27%) (+20%) (+21%) (+22%) (+23%)
B1 scenario 63.22 39.92 60.25 54.43 54.45
Increase ratio (%) (+51%) (-5%) (+44%) (+30%) (+30%)
(b) Nakdong River basin (unit: 10°m®)
W Vision 2020 2020s (2010-2039)
ater Vision .. .
(modified in 2006) Emission scenarios GCMs GCMs
CNRM CSIRO CONS UKMO average
29.53 A2 scenario 40.68 30.17 38.49 45.05 38.59
Increase ratio (%) (+38%) (+2%) (+30%) (+53%) (+31%)
Al1B scenario 44.47 39.77 46.41 4478 43.86
Increase ratio (%) (+51%) (+35%) (+57%) (+52%) (+49%)
B1 scenario 54.65 32.73 54.09 46.15 46.90
Increase ratio (%) (+85%) (+11%) (+83%) (+56%) (+59%)
(c) Geum River basin (unit: 10°m?)
Water Vicin 2000 2020s (2010-2039)
ater Vision .. .
(modified in 2006) Emission scenarios GCMs GCMs
CNRM CSIRO CONS UKMO average
9.94 A2 scenario 22.07 14.83 23.97 23.77 21.16
Increase ratio (%) (+122%) (+49%) (+141%) (+139%) (+113%)
AlB scenario 25.12 22.47 26.71 20.81 23.78
Increase ratio (%) (+153%) (+126%) (+169%) (+109%) (+139%)
B1 scenario 35.07 14.02 31.34 25.54 26.49
Increase ratio (%) (+253%) (+41%) (+215%) (+157%) (+167%)
(d) Yeongsan/Seomjin Rivers basin (unit: 10°m®)
Water Vidn 2020 2020s (2010-2039)
ater Vision .. .
(modified in 2006) Emission scenarios GCMs GCMs
CNRM CSIRO CONS UKMO average
181.33 A2 scenario 171.47 150.44 181.08 223.93 181.73
Increase ratio (%) (+5%) (-17%) - (+24%) -
Al1B scenario 213.05 185.94 222.79 217.15 209.74
Increase ratio (%) (+18%) (+3%) (+23%) (+20%) (+16%)
B1 scenario 274.47 142.76 242.92 219.57 219.93
Increase ratio (%) (+51%) (-21%) (+34%) (+21%) (+21%)

YIncrease ratio (%): change ratio from the results in Water Vision 2020 (MOCT, 2006) excluding climate change impacts
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Table 5. Comparison of Average Water Shortage Projection in the Han River

g Rolels A9E BFT) of
AT o) W ET] ol w2

o >
me o e ol
i 0
LU
ST
N
N,
T
1o
o2
oot
=

Q
ro,
o)
P
_>|i
Ox
N
ofy
o
Q
E
o
i‘l
g

4 TEY tg TANK =3 7]m zH
20079, A} At AAE BE vkdale] fEE

K-WEAP HIE9ZLE -85+ 2020 H3Ed el tigh &
5 Agke 285kl —rZMXWl*?’L?ﬂ?—} (‘11 Bk
Ag)elM= 718 A FE Aluke] 27t 471d (2004~
2007d) F7HARAAL o)oF tlze] AlatE A E Holl nhE
A8l F7HEo] 2w Aol AAIE AT Table 7).

1
SR FEAG(1L _u_samm)o Hhgo 2 EA
3 GCM Frapaiah Autele.

£ o gale] ZlFWslE TAT B4F AYINS A8

stalom, 4dl7d ARl Wk ek 2020s9] Hit EHF A
WAIE Table 8o WUeFRIE 2 Ao A AAISH W
£ o] gato] 4aE]] AFE Wk BT RoE
HiEo 2 Sk mlef BN Aed Al sdek W
2ol thgk 71 Aol nls) oF 536% 7 g

LR

(unit: 10°m?)

Water Vision 2020 Average water shortage projection for 2020s
(modified 2006) GCMs (agency: version) This research” Existing method”

CNRM: CM3 471 174

419 CONS: ECHO-G 51.6 192.2
CSIRO: MK3.0 42.3 63.5

UKMO: HadCM3 52.9 137.6

GCMs average 48.5 102.7

Increase ratio” +15% +144%

Averdge water shortage projected by the proposed methodology in this research
Average water shortage estimated by the existing method which inputs GCM-driven flow scenarios into a water balance

model directly

YChange ratio (%) from the results in Water Vision 2020 (MOCT, 2006)
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Table 6. Average Water Shortage Projections in the Korean Peninsula

(a) 2020s (2010-2039) (unit: 10°m®)
.. . Average water shortage projections (GCMs average)
Emission scenarios Y 7 K
(AR4) Han River Nakdong River | Geum River eongsarl orean
Seomjin Rivers Peninsula
A2 scenario 485 386 21.2 181.7 290.0
(increase ratio)" (+15%) (+31%) (+113%) - (+10%)
A1B scenario 51.4 439 23.8 209.7 328.8
(increase ratio) (+23%) (+49%) (+139%) (+16 %) (+25%)
B1 scenario 54.5 46.9 26.5 219.9 347.8
(increase ratio) (+30%) (+59%) (+167%) (+21 %) (+32%)
(h) 2050s (2040-2069) (unit: 10°m®)
.. . Average water shortage projections (GCMs average)
Emission scenarios Y 7 K
(AR4) Han River Nakdong River Geum River congsan. orean
Seomjin Rivers Peninsula
A2 scenario 59.0 50.6 30.0 236.9 376.5
(increase ratio) (+41%) (+72%) (+202%) (+32%) (+48%)
AlB scenario 68.5 63.6 385 320.7 491.3
(increase ratio) (+63%) (+92%) (+288%) (+77%) (+87%)
B1 scenario 63.7 53.3 31.9 240.2 389.1
(increase ratio) (+52%) (+84%) (+222%) (+33%) (+48%)
(¢) 2080s (2070-2099) (unit: 10°m®)
.. . Average water shortage projections (GCMs average)
Emission scenarios Y 7 R
(AR4) Han River Nakdong River Geum River congsan orean
Seomjin Rivers Peninsula
A2 scenario 65.9 55.9 34.5 266.9 423.2
(increase ratio) (+57%) (+89%) (+247%) (+47%) (+61%)
A1B scenario 73.8 67.6 41.6 333.4 516.4
(increase ratio) (+76%) (+101%) (+319%) (+84%) (+97%)
B1 scenario 68.2 54.6 34.9 252.6 410.3
(increase ratio) (+64%) (+85%) (+252%) (+39%) (+56%)

YIncrease ratio (%): change ratio from the results in Water Vision 2020 (MOCT, 2006) excluding climate change impacts

Table 7. Newly Constructed Weirs by the Four Major Rivers Restoration Project

Weirs

Remarks

Han River

Ipo weir, Yeoju weir, Gangcheon weir

Newly constructed 3 weirs

Nakdong River

Sangju weir, Nakdan weir, Gumi weir, Chilgok weir,

Gangjeong—Goryeong weir, Dalseong weir,

Hapcheon-Changnyeong weir, Changnyeong-Haman weir

Newly constructed 8 weirs

Geum River

Baekje weir, Gongju weir, Sejong weir

Newly constructed 3 weirs

Yeongsan River

Seungchon weir, Juksan weir

Newly constructed 2 weirs
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Table 8. Comparison of Results Reflecting the Four Major Rivers Restoration Project (unit: 10°md)

Average water shortage projection for 2020s
Before Four Rivers PIOiect | 1. ding newly consiructed weirs
Yﬁgﬁchﬁnzggé? This research Yrvr?gfiz&sﬁnzgﬁ? This research
Han River 419 485 79 10.3
Nakdong River 29.5 38.6 125 185
Geum River 9.9 21.2 3.2 6.2
Yeongsan/Seomjin Rivers 181.3 181.7 96.9 99.4
Korean Peninsula 262.8" 289.9” 120.6” 134.4Y
Increase ratio” +10%” -499”

YWater Vision 2020 (MOCT, 2006) excluding both of climate change and the Four Rivers Project impacts
“Results projected by the proposed methodology excluding the Four Rivers Project

IWater Vision 2020 (MLTM, 2011) excluding climate change impacts, but reflecting the Four Rivers Project
YResults projected by the proposed methodology considering the Four Rivers Project (narrowly)

“Change ratio (%) from the results in Water Vision 2020 (MOCT, 2006)

Table 9. Change in Projected Variables over Historical Data: 2050s Based on A2 Scenario (unit: %)
Variables Han River N?{lgs‘(;lg Geum River Se?)(ri?irrllgsf?irxlz/e rs PIe{r(l)il;lesaLﬁa
R
ooy | 26 | a0 |
(noiﬁrﬁggéﬂ%‘g;o o 334 330 372 297 327
Average water Shortagez) +40.6 +71.6 +201.9 +31.8 +48.1
YChange ratio (%) from the current (1967 ~2003)
YChange ratio (%) from the results in Water Vision 2020 (MOCT, 2006)
e Foshe= Bloltt. oell, AT EFAE (11 gk Fojsl=d vEIsITh ol IUEERAIE e 2
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24 719 B 3] o|He] ERETF A el vlals) S 98 Kenn €855 AEatdom 9743
o wj§- Fa A Ao= ) T A4S S N GRS TR A S fle e
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