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Introduction

According to the IPCC Fourth Report (2007), the most vulnerable part of future
climate change was selected as the change in water availability due to the time-
space change of the precipitation pattern.

The IPCC Fifth Report (2014) proposes water diversification and integrated water
management, especially in Asia, such as water recycling.

If the flow rate is slow and continuous, such as groundwater changes, the effects

of surface climate change can not be readily perceived. But, If fluctuations due

to surface changes begin to be observed in the groundwater environment, the

effects are much longer than the surface. Therefore, an analysis of groundwater

behavior is required for efficient management of water resources following
future climate changes.

The purpose of this study is to evaluate the groundwater level behavior of
Geum river basin (9,645.5 km?) under future climate change scenario projection

periods using SWAT.



Flowchart of this study

1. Model Input

| Groundwater use data | Multipurpose Dam Data | Observed Data | GISData
® Resources from NGIC = 2 multipurpose water supply dams (1982-2015)
(National Groundwater Information Center) © Dam inflow, storage, release ® Weather data (1984-2015) = DEM. Soil. Land use
= Monthly 3 groundwater use (2000-2015) ® 3 multifunction weirs (2012-2015) = Groundwater level (2005-2015) P
0O living, industrial, agricultural O Dam inflow, storage, release

|
1-1. Application of climate change scenarios

Groundwater use data Future groundwater use data

"Using the regression equation =Using the regression equation
groundwater use data (1980-1999) 9 9 q9

|
2. Model Calibration Process

SWAT Model

= Model run (1984-2014)

= Resources from NGIC groundwater =Climate change scenario: HadGEM3-RA
use data (2000-2015) RCP 4.5, 8.5(2020s, 2050s, 2080s)

3. Model Results

Climate change Assessment

=Application of climate change scenarios
»Climate change scenario: HadGEM3-RA RCP 4.5, 8.5

A

= Warm-up (1984)

= Calibration (2005-2009)
and validation (2010-2015)
o Dam & weir inflow

o Dam & weir storage

oGroundwater level variation
= Dam operation (2005-2015)

=Change rate of water budget
"Change map of Ground water




Study Area

Geum River basin (9,645.5 km?)

= Average precipitation 1,323.1 mm

= Average temperature 12.2°C 0
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Reservoir
V= Vstored + Vflowin _ Vflowout + VPCP o Vevap _ Vseep

SWAT model

Water balance

t
SWiy = SWy + Z(Rday - qurf —Eq — VVseep — ng)

=1
SW, = Final soil water content (mm)
SW, = Initial soil water content on day i (mm) Embankment

Emergency flood control

Riay = Amount of precipitation on day i (mm)

Q..+ = Amount of surface runoff on day i (mm)

E, = Amount of evapotranspiration on day i (mm

Weeep = Amount of water entering the vadose zone
from the soil profile on day i (mm)

Q,, = Amount of return flow on day i (mm)

"\ Emergency
\ spillway

i .\ Principal
spillway

\ = volume of water in the impoundment at the end of the day (m3H20)

Vioreq = VOlume of water stored in the water body at the beginning of the day (m3 H20)
Viowin = Volume of water entering the water body during the day (m3 H20)

Viawout = Volume of water flowing out of the water body during the day (m3 H20)

Voo = volume of precipitation falling on the water body during the day (m3 H20)

Vevap = VOlume of water removed from the water body by evaporation during the day (m3 H20)

V..., =volume of water lost from the water body by seepage (m3 H20).

seep



SWAT model
Pumping
Recharge ‘ ‘g‘:“:e ‘ Revap Lateral flow
- Groundwater T
Shallow Aquifer [ Groundwaterflow —»  Stream Baseflow
|
o | = == == = Percolation - - - e — e Em o m e o ==
° v System boundary
Shallow aquifer ———

Aqsn,i = Aqshi-1 + Wychrg,sh — ng _ I/Vrevap _ Wpump,sh

aqg,; = Amount of water stored in the shallow aquifer on day i (mm H,0)

aqgg,i 1 = Amount of water stored in the shallow aquifer on day i-1 (mm H,0)

Wichigsh = Amount of recharge entering the shallow aquifer on day i (mm H,0)

Qg = Groundwater flow or base flow into the main channel on day i (mm H,O)

Wieap = Amount of water moving into the soil zone in response to water deficiencies on day i (mm H,0)
Woump = Amount of water removed from the shallow aquifer by pumping on day i (mm H,0)

» Extract HRU value at the point where the ground water
monitoring system is installed.

Groundwater flow / base flow « SWAT does not output the groundwater level as a result.

« SA_ST - GWQMN = Groundwater variation
8000 - Ksat n ‘ * Actual average +(SA_ST-GWQMN) = Groundwater level
gw — 2 wibl SA_ST: shallow aquifer storage (mm)

Lgw

GWQMN: threshold water level in shallow aquifer for base flow (mm)

Q,,, = Groundwater flow or base flow into the main channel on day i (mm H,0)

K.+ = hydraulic conductivity of the aquifer (mm/day)

L,w = Distance from the ridge or subbasin divide for the groundwater system to the main channel (m)
h,w =water table height (m)



Vadose {unsaturated)

SWAT Input Data

WUS (Water USe input file, 10*m3)

«  Consumptive water is a management tool that removes water from the basin.

«  This file is used to simulate removal of water for irrigation outside the watershed or removal of water

for urban/industrial use.
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 WUPND : Average daily water removal from the pond for the month

 WURCH : Average daily water removal from reach for the month

T

—»|

Stream Baseflow

System boundary

« WUDEEP : Average daily water removal from the deep aquifer for the month




SWAT Input Data

Future Groundwater use data

*  Groundwater use data are available on the website of National Groundwater Information Center(NGIC).

*  The NGIC provides monthly and yearly groundwater use data at watersheds and administrative districts.

* In this study, monthly groundwater from 2000 to 2015 use was divided into living, industrial, and agricultural use.

. Estimated future groundwater use data using actual groundwater use data and regression equation.
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Data for SWAT model evaluation

GIS Data

(a) DEM (b) Soil (c) Land cover

Elevation : 8 - 1608m Soil : Loam (24%) and Land cover (2008) : Forest
(30m grid size) sandy loam (58%) (62%) and Rice paddy (15%)

av

Soil Texture

DEM (EL.m) Clay | Sandy loam Land use Paddy rice
High: 1,608.7 f\ Clay loam Silt I Water Upland crop
! Loam Silt loam Il Urban B Deciduous forest
Low: 8.3 | Loamy sand 7‘ Silt clay ‘ Bare field - Coniferous forest
Sand [T silt clay loam I Grassland [l Mixed forest
| Sandy clay loam
| L | L] Ikm | L lkm
0 126 25 0 125 25 50 0 126 25 50

Sandy loam Rice Paddy




Data for SWAT model evaluation

2 Multi-purpose dam data
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Data for SWAT model evaluation

3 Multi-function weir data
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PCP (mm)

Release (m¥s)

PCP (mm)

Data for SWAT model evaluation

2 Multi-purpose Dam & 3 Multi-function weir Release and Storage data
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Groundwater Level (EL.m)
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Data for SWAT model evaluation

5 Groundwater Level station data

« K-water GIMS(National Groundwater Information Center)

« Alluvium data (2005-2015)
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Model Calibration and Validation

SWAT parameters

Surface runoff

CH_N(2)

Manning’s “n” value for the tributary channel

Evapotranspiration

ESCO
Groundwater
GW_DELAY
GWQMN
ALPHA_BF
REVAPMN
GW REVAP
Reservoir
RES_ESA

RES_EVOL

RES_PSA

RES_PVOL

RES_VOL

RES_K
EVRSV

Soil evaporation compensation coefficient

Delay time for aquifer recharge (days)

Threshold water level in shallow aquifer for base flow (mm)

Base flow recession constant

Threshold water level in shallow aquifer for revap (mm)

Groundwater revap coefficient

Reservoir surface area when the reservoir is filled to the emergency spillway (ha)
Volume of water needed to fill the reservoir to the emergency spillway (10* m?)

Reservoir surface area when the reservoir is filled to the principal spillway (ha)

Volume of water needed to fill the reservoir to the principal spillway (10* m?)

Initial reservoir volume(104 m3)

Hydraulic conductivity of the reservoir bottom (mm/hr)

Lake evaporation coefficient

0.01 to 30 0.16 0.01

Oto1 0.95 0.95

0 to 500 150 50
0 to 5000 1,000 1,000
Oto1 0.2 0.2
0 to 1000 750 750
0.02t0 0.2 0.02 0.02
= 3700 7420
- 81500 149000

= 3390 6750

- 74250 124160

= 39821 76857

Oto1 0.3 0.1
Oto1 0.6 0.1

Adjusted Value

| AdjustedValue |
o0 [ oco | s | ow o

0.014 0.014 0.014
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Model Calibration and Validation

2 Multi-purpose Dam & 3 Multi-function weir
v" Calibration: 5 years (2005-2009) / Validation: 6 years (2010-2015)
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Model Calibration and Validation

5 Groundwater level

v" Calibration: 5 years(2005-2009) / Valldatlon 6 years (2010 2015)
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Climate Change Scenario

Spring(3-5), Autumn(9-11), Winter(12-2) : Precipitation and Temperature increased.

HadGEM3-RA RCP 4.5 and 8.5

v’ 2020s: 2010-2039 / 2050s: 2040-2069 / 2080s: 2070-2099

Precipitation (mm)

Mean Temperature (C)
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Summer(6-8) : Precipitation decreased and temperature increased.

CRCP 4.5 2020s (2010-2039)
CORCP 4.5 2050s (2040-2069)
mmm RCP 4.5 2080s (2070-2099)
-=--Baseline (1981-2005)
——Historical (1981-2005)

RCP 4.5

Winter

5 6 7 8 9 10 11 12

: +65.1 mm
:+115.6 mm
: +190.3 mm

ring(3-5)

mm

2
2
2
Spring(3-5)
4
Sul
4
Ay
4

Tatal

020s: +0.9 °C
050s: +1.9 °C
080s: +2.4 °C

. 1.5°C
===Baseline (1981-2005)
Winter (12-2)
——Historical (1981-2005) \ 1?).3':@

—O-RCP 4.5 2020s (2010-2039)
—a—RCP 4.5 2050s (2040-2069)
—O—RCP 4.5 2080s (2070-2099)

5 6 7 8 9 10 11 12
Month

Precipitation (mm)

Mean Temperature (C)
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C—RCP 8.5 2020s (2010-2039)
C—IRCP 8.5 2050s (2040-2069)
mmm RCP 8.5 2080s (2070-2099)
---Baseline (1981-2005)
——Historical (1981-2005)

RCP 8.5

5 6 7 8 9 10

Total
2020s:
2050s:
2080s:

Spring(3
+134.2

Summel
-55.4

Autumn
+4.6 m

Winter
+36.5 1

+17.9 mm
+181.5.mm
+160.3 mm
3-5)

mm

 (6-8)

m

6
(9-11)
12-2)

nm

3

11 12

-=--Baseline (1981-2005)
——Historical (1981-2005)

——RCP 8.5 2020s (2010-2039)
—4&—RCP 8.5 2050s (2040-2069)
—O—RCP 8.5 2080s (2070-2099)

Total
2020s: +1.2 °C
2050s: +3.2 °C
2080s: +5.4 °C
Spring(3-5)
+3.5°C
Summer (6-8)
+4.2 °C
Autumn (9-11)
+3.0 °C

Winter (12-2)
+2.2°C

5 6 7 8 9 10
Month

11 12



Future groundwater use (10*m3) data

Historical 2020s 2050s 2080s
» comparison with historical data
(2020s, 2050s, 2080s)
. * Summer(6-8
Spring (6-8)
CASS: 2020s(+32%), 2050s(+45%), 2080s(+53%)
BEMR: 2020s(+35%), 2050s(+49%), 2080s(+58%)
OCCS: 2020s(+42%), 2050s(+58%), 2080s(+69%)
BYBY: 2020s(+44%), 2050s(+62%), 2080s(+73%)
JSJS: 2020s(+37%), 2050s(+52%), 2080s(+62%)
Summer
Autumn
Winter Groundwater Use
[ 10.070000 - 1.000000
[]1.000001 - 3.000000
I 3.000001 - 5.000000
B 5 000001 - 10.000000 Tam
I 10.000001 - 20000000 50 100




Assessment of GWU Impact on GWF

Historical(1981-2005) Groundwater flow (mm)

When groundwater use was applied, groundwater decreased by 20 mm/yr.

GWF for GWU GWE for GWU Groundwater use
not applied applied (GWU)

Avg.: Avg.:
366. 346.

Groundwater (mm)
[ ] o0-200
[ 201-250
[ 251-300
[ 301 - 400

Groundwater Use

B 401 - 500 [ 10.070000 - 1.000000
B 5ot - 600 [0 1.000001 — 3.000000
Bl o1 - 700 I 5.000001 - 5.000000

B 5.000001 — 10.000000
Bl 701 - 200 I 10.000001 - 20.000000



Historical (1981-2005)

v 2020s: 2010-2039

Assessment of Climate Change  © %o 20402060

v 2080s: 2070-2099

Future Precipitation (mm)

Precipitation (mm)

0 - 1400

1401 -
1501 -
1601 -
1701 -
1801 -
1901 -
2001 -
2101 -

1500
1600
1700
1800
1900
2000
2100
2500

RCP 4.5
2020s

Avg.: 1,621.0 mm
(+219.1 mm)

Avg.: 1,472.0 mm
(+70.1 mm)

Avg.: 1,558.3 mm
(+156.4 mm)

Avg.: 1,415.6 mm
(+13.7 mm)

Avg.: 1,589.7 mm
(+187.8 mm)

Avg.: 1,514.0 mm
(+112.0 mm)




v' 2020s: 2010-2039

Assessment of Climate Change  © %o 20402060

v 2080s: 2070-2099

Future Discharge (mm)

Historical (1981-2005)  RCP 4.5
2020s

AVg . : . ‘tﬁ{x
866.19 mmAge oF7

=

Max : +883.41 mm

Min : +10.52 mm
Avg.: +148.79 mm

SN
Max : +455.22 mm}
Min :-41.98 mm {

Avg.: +24.28 mm

Max : +388.74 mm §.
Min : -16.43 mm {
Avg.: +93.74 mm

mm
0 - 800

801 - 900
901 - 1000
1001 - 1100
1101 - 1200

Max : +526.36 mm §
Min : +7.00 mm .

Avg.: +109.75 mm

[ | :
I Max : +361.65 mm
Bl 1301 - 1400 Min_: -96.65 mm
[ | ) Avg.: -27.43 mm
[ |

[ |

1201 - 1300

Max : +400.70 mm §
Min :-136.91 mm §

Avg.: +28.17 mm
1401 - 1500

1501 - 1600
1601 - 1900
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v 2080s: 2070-2099

Future Evapotranspiration (mm)

RCP 4.5
2050s

RCP 4.5

Historical (1981-2005)
2020s

N

A

Avg.:
520.15 mm

Max : +40.58 mm
Min : +85.37 mm
Avg.: +64.05 mm
* In comparison
with Historical

Max : +31.91 mm
Min : +79.76 mm
Avg.: +56.16 mm
* In comparison
with Historical

Max : +9.57 mm
Min : +67.40 mm
vg.: +41.57 mm
* In comparison
with Historical

RCP 8.5
2080s

RCP 8.5
2050s

| I

0 15 0 a0
Evapotranspiration (mm)

.| 0-a00

| a01-450

[ ] 4s1-500

- 501 - 550 Max : +6.17 mm

- 551 - 600 Min : +63.02 mm
Avg.: +36.96 mm

- 601 - 650 * In comparison
- 651 - 700 with Historical

Max : +68.59 mm
Min : +91.94 mm
Avg.: +78.51 mm
* In comparison
with Historical

Max : +48.93 mm
Min : +87.21 mm
Avg.: +70.32 mm
* In comparison
with Historical
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v 2080s: 2070-2099

Future Groundwater flow (mm)

RCP 4.5

Historical (1981-2005)  RCP 4.5 20505

2020s

N

A

Avg.:
346.60 mm

Max : +89.78 mm
Min : +6.90 mm
vg.: +7.14 mm

* In comparison
with Historical

Max : +68.62 mm
Min : +13.92 mm
Avg.: +27.94 mm
* In comparison
with Historical

Max : +196.39 mm
Min : +17.16 mm
Avg.: +40.67 mm
* In comparison
with Historical

RCP 8.5
2050s

RCP 8.5
2080s

[ L
0 15 0 &

Groundwater (mm)
[ ] o0-200
[ ] 201-250
[ 2s51-300
I 301 - 400 o

X . +355. mm
- 401 - 300 Mian : -gg’?g mm

B s01-600 Avg.: -20.53 mm
Bl so: - 700 * In comparison

Bl 7ot - 800 with Historical

Max : +124.88 mm
Min : +7.84 mm
Avg.: +32.62 mm
* In comparison
with Historical

Max : +81.70 mm

Min _: -35.11 mm

Avg.: -4.53 mm

* In comparison
with Historical
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v 2080s: 2070-2099

Future Groundwater flow (mm) changes
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% Average variation of future groundwater level at 5 station

Future Groundwater Level (EL.m) changes

BYBY

2020s : -0.20 m 2050s : +0.05 m 2080s : -0.11 m
7.0

2020s : -0.24 m 2050s : -0.17 m 2080s : -0.13 m
7.0

=
o N
60 RCP 4.5 " N\ | Summer —eo RCP 8.5 Summer
Er v i\ B| PCPi3apo |2V PCP: +14.3 %
25,0 U 250 2%
s 3
Z 4.0 540
- -
£30 £30
Z Z
'§ 2.0 '§ 2.0
Z Z
310 — Historical ~CFRCP 4.5 20205 310 — Historical —CFRCP 8.5 2020s
" —O-RCP 4.5 2050s -4--RCP 4.5 2080s " ~O-RCP 8.5 2050s -4=RCP 8.5 2080s

1 2 3 4 5 6 7 8 9
Month

10 11 12

CASS

2020s : +0.03 m 2050s : +0.06 m 2080s : +0.04 m
127.0

1 2 3 4 5 6 7 8 9
Month

10 11 12

2020s : -0.01 m 2050s : +0.05 m 2080s : +0.05 m

OCCS

2020s : -0.08 m 2050s : +0.00 m 2080s : +0.05 m

Spring(3-5) Future groundwater level RCP 4.5: A, RCP 8.5: ¥

RCP 4.5: +0.08 m (2020s: -0.13 m, 2050s: -0.10 m, 2080s: +0.46 m)

RCP 8.5: -0.05 m (2020s: -0.15 m, 2050s: +0.15 m, 2080s: -0.16 m)

Summer(6-8) Future groundwater level RCP 4.5 and RCP 8.5: ¥

RCP 4.5: -0.03 m (2020s: -0.79 m, 2050s: +1.13 m, 2080s: -0.43 m)

RCP 8.5: -1.19 m (2020s: -1.08 m, 2050s: -1.50 m, 2080s: -0.99 m)
Autumn(9-11) Future groundwater level RCP 4.5 and RCP 8.5: A

RCP 4.5: +0.55 m (2020s: +0.64 m, 2050s: +0.24 m, 2080s: +0.78 m)

RCP 8.5: +0.04 m (2020s: +0.21 m, 2050s: +0.08 m, 2080s: -0.16 m)

Winter(12-2) Future groundwater level RCP 4.5: v, RCP 8.5: A

RCP 4.5: -0.01 m (2020s: -0.02 m, 2050s: -0.05 m, 2080s: +0.04 m)

RCP 8.5: +0.07 m (2020s: +0.01 m, 2050s: -0.01 m, 2080s: +0.21 m)

2020s : -0.21 m 2050s : -0.

15 m 2080s : -0.29 m

=~ 127.0 137.5 1375
_ RCP 45 7 ¢ *\ | Summer i RCP 8.5 ""\ Summer RCP 4.5 -
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-O-RCP 4.5 2050s -4-RCP 4.5 2080s -O-RCP 8.5 2050s -4-RCP 8.5 2080s ~O-RCP 4.5 2050s -&--RCP 4.5 2080s -O-RCP 8.5 2050s -4-RCP 8.5 2080s
1245 1245 1345 1345
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Month Month Month Month
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Findings and Future researches

« The purpose of this study is to evaluate future climate change impact on
groundwater level behavior considering future groundwater use in Geum River
basin (9,645.5 km?).

1. HadGEM3-RA RCP 4.5 & 8.5 Climate Change Scenarios
« Spring(3-5), Autumn(9-11), Winter(12-2): Precipitation and Temperature increased.
« Summer(6-8): Precipitation decreased (RCP 4.5 : -42.7 mm, RCP 8.5 : -55.4 mm) and
temperature increased (RCP 4.5 : +2.5 °C, RCP 8.5 : +4.2 °Q).

2. Future groundwater use (GWU) condition
« Big increase of GWU in summer period.
* Future GWU increased from 32 to 44% in 2020s, from 45 to 62% in 2050s, and from 53
to 73% in 2080s.

3. Future groundwater level (GWL) changes

» Spring(3-5): increased by 0.08 m in RCP 4.5, decreased by 0.05 m in RCP 8.5 scenario

« Summer(6-8): decreased by 0.03 m and 1.19 m in RCP 4.5 and RCP 8.5 scenarios respectively
* Autumn(9-11): increased by 0.55 m and 0.04 m in RCP 4.5 and RCP 8.5 scenarios respectively
» Winter(12-2): decreased by 0.01 m in RCP 4.5, increased by 0.07 m in RCP 8.5 scenario



Thank You

For further information, please contact:

Kim, Se Hoon

Graduated Student, Dept. of Civil and Environmental System Engineering, Konkuk University
ksh91@konkuk.ac.kr

Lee, Ji Wang, Kim, Seong Joon
Professor, Dept. of Civil and Environmental System Engineering, Konkuk University
kimsj@konkuk.ac.kr
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