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01 Model Approach \

Purpose

@ Hydrology model started from lumped model such as HEC-
HMS has been developed to HRU distributed model such as SWAT
and SLURP and cell-based distributed model such as VIC and
Vflo™
v

Distributed model has advantages to represent and understand
the happenings of hydrological behavior in the watershed.
v

For climate change impact assessment on hydrology of South
Korea, we are trying to develop a model, grid-based continuous
hydrological model.
v

In this study, we are presenting our model in developing stage
and validate the modeling efficiency comparing with SWAT results.
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Meteorological Data GIS Data Observed Data

Precipitation, Temperature, DEM Dam Inflow
Wind speed, (Digital Elevation Model)
o Dam Water Level
Solar Radiation, Landuse Soil Moisture
Relative Humidity Soil Texture

!

Calibration / Validation

Model Setup

Climate Change Scenario

RCP Models
Distributed Soil Water

Routing Model RCP 4.5 / RCP 8.5

Watershed Hydrology - (2040s : 2020-2059)
(2080s : 2060-2089)

SWAT Model

Surface runoff, lateral & base flow,

ET, Soil moisture content, GR

Y

Bias Correction

Results Evaluation between
SWAT and Distributed Model
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02 SWAT Description

v

Dept. of Civil and Environmental System Eng.,

€ Soil and Water Assessment Tool (SWAT)

SWAT is a physically-based continuous, long-term, semi-distributed-
parameter model designed to predict the effects of land management
practices regarding the hydrology, sediment and contaminant transport in
agricultural watersheds under varying soils, land use and management
conditions (Arnold et al., 1998).

SWAT subdivides a watershed into sub-basin connected by a stream network,
and further delineates HRUs (Hydrologic Response Unit) consisting of unique

combinations of land cover and soils within each sub-basin.

SWAT2005 model version under ArcSWAT 2.0 interface was used in this study.
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1st L ________ .
7 i ‘ Surface runoff
‘ Grid'baSEd MOdEl WateElEiep;b"/ ET' ‘ Infiltration
v' 3 layers 5
2 nd // __________ Lateral flow
v' one layer for surface runoff o
Unsatu:rl; F;i}a'y’er l Percolation
v" two layers for subsurface and base flow .
v 2 Jayer: soil moisture routing 3rd Ryt Base fow
i Width
v" Runoff : Soil Conservation Service (SCS)
W SM = SM + Rainfall -ET-Q <

method

v" Surface Runoff
, P—-0.25°?
qurf:( )’PZOZS S:POe_SMt—l
P +0.8S

v" Subsurface flow

Q.=K_ -S,FC<SM < PO,

Q. =0,SM < FC
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Saturation

. . Drainable
02 SWAT Description T pore Water _ _
= SPACE Field Capacity
S| 35-55% T
A air,water 5
= = Plant
1923 = Available
> | SOLIDS - |~ Water
id- g 45~65% = Permanent
‘ Grld based MOdEI 2 mineral = Wilting point
25 organic ) -
fractions Unavailable
L L Water Oven Dry

v" Soil Water Balance

SI\/It — SMt—l + P R ET _qurf _Qlatf _Qbasf
v Evapotranspiration : Penman-Monteith
A(R,~G)+p.c, (e;e)

AET = "
A+y(@A+ Ij)

v' LAI (Leaf Area Index, from Terra MODIS Product, MOD15)
1

" LA

active

v' Parameters: surlag(Surface runoff lag coefficient), infilt_rt(Soil infiltration ratio, %),
per_rt(Soil percolation ratio,%), slp_I(Lateral flow curve slope, mm/day),

time_l(Lateral flow basin lag time, day), slp_b, time_b, ini_soil, length_str etc.
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03 Model Calibration

& Validation

Legend

Latitude 35°4" to 36°1°
Longitude 127°2" to 127°5"

+ Water level Statlon

¥ Soil Moisture Station
s Stream

[] watershed Boundary
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Study Area

» Area

« Water level station

« Weather station

« Soil moisture station
« Annual precipitation

* Forest area

: 930 km?

: 3

: 5

: 5

: 1,259.7 mm

: 70.7 %

Yongdam N
Ancheon A
Donghyang
A B \-\_
i"'\ Gyebuk
\l:_'\
g Cheoncheon
L'.
T Cheoncheon
Jangsu
M L IKikemeers
o 5 10
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03 Model Calibration \
& Validation

Data SWAT Model Grid-based Model
Precipitation (mm)
Temperature (*C) Daily Data Daily Data
Sunshine hour (hour)
Weather Data / Solar Radiation (MJ/d) / Text Data / Grid Data

Wind speed (m/s)
Relative humidity (%)
Streamflow (mm) (2001 ~ 2009) (2001 ~ 2009)

Soil moisture (%)

(dbf File) (ASC File)

Observed Data

30m 1000m (col: 46, row: 55)
SWAT Model Grid-based Model
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03 Model Calibration
Streamflow

Yongdam (a)

T
A

Donghyang (b)

Station Yongdam Donghyang | Cheoncheon
Streamfl Obs. 878.8 845. 7 945.8
reamiiow 1 ‘mm) (59.4%) (57.8%) (73.2%)

HEL 1401.3 1401.3 1478.1
(mm)
Sim. 878.8 747.9 824.6
SWAT | (mm) (60.3%) (50.6%) (58.9%)
R? 0.46 0.71 0.52
NSE 0.34 0.55 0.32
HEl 1478.7 1291.6 1462.6
(mm)
Grid- Sim. 906.9 880.0 740.7
based (mm) (61.3%) (60.2%) (57.3%)
R2 0.85 0.79 0.76
NSE 0.82 0.63 0.61

Dept. of Civil and Environmental System Eng.,

Cheoncheon (c)

1 IKilemeters

10
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03 Model Calibration Stl‘ea mfIOW . \Q
& Validation SN PCP e Sim. —Obs.
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— N Q
A
SOils,:: g:;':ure Soil Type Land use
Ancheon
Jangsu Sandy Loam Evergreen
Ancheon Sandy Loam | Mixed Forest
Cheoncheon Loam Evergreen
Gyebuk Sandy Loam Evergreen
Bugui Silt Loam Evergreen Gyebuk
Soil moisture SWAT Grid-based
Station R2 NSE R2 o Cheoncheon
Jangsu 0.49 0.42 0.36 0.44 Jangsu
Ancheon 0.76 0.65 0.86 0.52 o s llometers
Cheoncheon 0.40 0.20 0.47 0.18
Gyebuk 0.47 0.47 0.67 0.38
Bugui 0.27 0.15 0.59 0.58

Dept. of Civil and Environmental System Eng.,
Konkuk University, Seoul, South Korea

2012 SWAT Conference, New Delhi, India




03 Model Calibration Soil Moisture

& Validation

A

SWAT Model Grid-based Model

Soil Moisture (Ancheon)
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04 Climate Change

Scenario
SRES Scenario AR4 RCP Scenario AR5
(Special Report on Emission Scenario) (Representative Concentration Pathway)
1000 g [ 100 Rerss
g‘ﬂﬂ - '..' —_— ATB 900
a2 - ATT - /
-Em_ -iiuATFl /
700 - e - / _RCP6O
- - - / /__Rrcpas
- — 1323 - .
400 %\-RCPZG
400 /
300
300 L L] 1] ]
2000 2020 2040 2060 2080 2100 " | , ; . :
Year 1850 1900 19 2050 2100

Radiative Forcing
(RCP)

Society-Economy
Scenario

Society-Economy,
Emission Scenario

Climate Change
Scenario

Emission Scenario

Radiative Forcing

Scenario Combine

N N

Effect, Adaptation,
Vulnerability Research

Climate Change
Scenario

Effect, Adaptation,
Vulnerability Research
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04 Climate Change
Scenario

SRES Scenario AR4

(Special Report on Emission Scenario)

1000
800 -
800

Year

@ Social StructD

2000 2020 2040 2080 2080

2100

RCP Scenario AR5
(Representative Concentration Pathway)

1000

_____________ (/_ ~CR,S.S
N\ —‘I

~ /_

an ﬁ_
200 4

T T T T T
1850 1900 1950 2000 2050 2100

2100 year Liaison with Climate
Concentration hange Response Polic

940 | RCP8.5 Emission as Present

670 | RCP6.0 || Moderate Reduction Policy

Dept. of Civil and Environmental System Eng.,

Diversity Society A2 830
High Developing Society AlB 720
Sustainable Developing

Society Bl 550

540 | RCP4.5 Considerable Reduction Policy

420 | RCP2.0 Self Recovery Function
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VS St Canee Bias Correction \Q

Precipitation Minimum Temperature Maximum Temperature

M

3,000 15 30
— Baseline (1982-2011)
—RCP45
2,500

—RCP 8.5

Precipitation {mm)
- N
o °
8 8

et
o
g
-
=]

Minimum temperature ()
s
5.2 I © .4 C

4.5 I 12.5°C
Maximum temperature (C)

- [} ]

o =3 o

17,3 21.5C
16.6 I 24.6C

—Baseline (1982-2011)

—Baseline (1982-2011)

1
985 I 2154 mm
RCP 8.5 890 I 2553m m

—RCP 45 e e —RCP 45 i e
—RCP 8.5 = &y —RCP 8.5 58
0 “ 0 cr o re
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25 5 100
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2 E
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§ 5 E
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0 e 0 e 0 xo
1982 2002 2022 2042 2062 2082 1982 2002 2022 2042 2062 2082 1982 2002 2022 2042 2062 2082
Year Year Year

Dept. of Civil and Environmental System Eng.,

Konkuk University, Seoul, South Korea 2012 SWAT Conference, New Delhi, India



05 Climate Change

Impact Application

RCP 4.5 RCP 8.5

Precipitation RCP 4.5 Precipitation RCP 8.5
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05 Climate Change

Impact

Water Balance

SWAT Model

Grid-based Model

Baseline

Precipitation
1443.3mm (100%)

1462.9mm (100%) —
Evapotranspiration

554.0mm (38.4%)
520.8mm (35.6%)

Baseline (2001-2009)

Surface Runoff
458.9mm (31.8%)
486.0mm (33.2%)

—
Infiltration
430.4mm (29.8%)
442.1mm (30.2%)

e

Lateral Flow
38.5mm (2.7%)
39.5mm (2.7%)

Base Flow

364.8mm (25.3%)
366.9mm (25.1%)

Total Runoff
861.5mm (59.7%)
892.4mm (§1.0%)

RCP 4.5

RCP 8.5

2040s

Precipitation
1557.9mm (100%)

1550.4mm (100%) L
Evapotranspiration

576.4mm (37.0%)
462.7mm (29.8%)

RCP 4.5
2040s (2020-2059)

Surface Runoff
519.4mm (33.3%)
477.0mm (30.8%)

Total Runoff

—
Infiltration
462.1mm (29.7%)
572.1mm (36.9%)

Ce—

949.2mm (60.9%)
1004.2mm (64.8%)

Lateral Flow
33.2mm (2.1%)
52.7mm (3.4%)

Base Flow
397.9mm (25.5%)
474.5mm (30.6%)

Precipitation
1639.3mm (100%)

1633.4mm (100%) L
Evapotranspiration
492.4mm (30.1%)

593.4mm (36.2%)

RCP 4.5
2080s (2060-2099)

Surface Runoff
549.4mm (33.5%)
516.0mm (31.6%)

Total Runoff

U |
Infiltration
496.5mm (69.7%)
614.3mm (35.9%)

—

1011.6mm (61.7%)
1057.8mm (64.8%)

Lateral Flow
35.7mm (2.2%)
55.3mm (3.4%)

Base Flow
427.9mm (26.1%)
486.5mm (29.8%)

Precipitation
1677.8mm (100%)

1660.2mm (100%) Lo
Evapotranspiration
455.6mm (27.4%)

58L.9mm (34.7%)

RCP 8.5
2040s (2020-2059)

Surface Runoff
587.1mm (35.0%)
542.0mm (32.6%)

: |
Infiltration
508.8mm (30.3%)
614.3mm (37.0%)

—

Lateral Flow
37.0mm (2.2%)
59.3mm (3.6%)

Base Flow

434.4mm (25.9%)
509.9mm (30.7%)

Total Runoff
1057.2mm (63.0%)
1111.2mm (66.9%)

Precipitation
1767.8mm (100%)
1736.4mm (100%)

l

Evapotranspiration
619.3mm (35.0%)
533.9mm (30.7%)

RCP 8.5
2080s (2060-2099)

Surface Runoff
628.0mm (35.5%)
566.8mm (32.6%)

Infiltration
520.5mm (29.5%)
594.3mm (34.2%)

I

Lateral Flow
38.4mm (2.2%)
56.5mm (3.3%)

Base Flow

447.6mm (25.3%)
493.1mm (28.4%)

Total Runoff
1112.8mm (62.9%)
1116.4mm (64.3%)




05 Climate Change
Impact

X

() : percent of change based on baseline
SWAT Model Grid-based Model
Baseline RCP 4.5 RCP 8.5 Baseline RCP 4.5 RCP 8.5
(2001- (2001-
2009) 2040s | 2080s | 2040s | 2080s 2009) 2040s 2080s 2040s 2080s
PCP 14433 15579 | 1639.3 | 1677.8 | 1767.8 14629 15504 | 16334 | 1660.2 | 17364
(mm) : (+7.9) | (+13.6) | (+16.2) | (+22.5) ’ (+6.0) | (+11.7) | (+13.5) | (+18.7)
ET 554.0 5764 5934 581.9 619.3 520.8 462.7 4924 455.6 533.9
(mm) ’ (+4.0) | (+7.1) | (+5.0) | (+11.8) ' (-11.2) (-5.5) (-12.5) | (+2.5)
Q.urf 458.9 5194 5494 587.1 628.0 486.0 477.0 516.0 542.0 566.8
(mm) ’ (+13.2) | (+19.7) | (+27.9) | (+36.8) ' (-1.9) (+6.2) | (+11.5) | (+16.6)
Qi 385 33.2 35.7 37.0 384 395 52.7 55.3 59.3 56.5
(mm) ' (-13.8) | (-7.3) (-3.8) (-0.1) : (+33.4) | (+40.2) | (+50.3) | (+43.0)
Q.ub 364.8 3979 | 4279 4344 447 .6 366.9 4745 486.5 509.9 4931
(mm) ’ (+9.1) | (+17.3) | (+19.1) | (+22.7) ’ (+29.3) | (+32.6) | (+39.0) | (+34.4)
Qiot 8615 949.2 | 1011.6 | 1057.2 | 1112.8 892 4 1004.2 | 1057.8 | 1111.2 | 11164
(mm) ' (+10.2) | (+17.4) | (+22.7) | (+29.2) ' (+12.5) | (+18.5) | (+24.5) | (+25.1)

Dept. of Civil and Environmental System Eng.,

2012 SWAT Conference, New Delhi, India

Konkuk University, Seoul, South Korea



06 Model Comparison Evapotranspiration (Distribution Map)

Winter Spring Summer Autumn Annual
Grid SWAT Grid SWAT Grid SWAT SWAT . Grid SWAT
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06 Model Comparison Evapotranspiration (Difference Map) \Q
Winter Spring Summer Autumn
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Runoff (Distribution Map) "

Winter Spring Summer Autumn
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Runoff (Difference Map) X

Winter Spring Summer Autumn Annual
Grid SWAT Grid SWAT Grid SWAT Grid SWAT Grid SWAT
Y i‘x
Ty} ]
<
o o o
z 8= a5
| o=-- Bl 1o -0
O] -8 B o -0
O w-n B 1o -
— i o
W »-uw = -
. ELR B e -
o =
LN
0
-8
)
e

Dept. of Civil and Environmental System Eng., 2012 SWAT Conference. New Delhi. India

Konkuk University, Seoul, South Korea




=

Soil Moisture (Distibution Map)
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06 Model Comparison Soil Moisture (Difference Map)

Winter Spring Summer Autumn Annual
Grid SWAT Grid SWAT Grid SWAT Grid SWAT Grid SWAT
Ad P \
g * - | ﬂt}—-‘\-’”\\ r:‘ -L\x—-*-‘\\, {L -"L\-—-"‘—""-‘ {v— -H\\—-‘t-‘\\ g‘?_-_\\w
‘% %\—? L\ ﬂj 7 b\/ % /JJ/,, R J”f r Jj
o Sadl Maisbare 1 ;wuﬂ'_‘:'“
O . o ==
e &b éh i =
= ) P«-L\*“‘”‘; e | 83 —§
S g |- i 5 5
'U‘j (// 4 = - o e
: = e e
o - o -
_ e o Y s,
2 (oo~
=) 4 r’" ‘% ok
n N Uj Eu/‘/ \_J")J o8 i_
LS
G
e e ;“\\ ™ 8
“ B, X
= Ly N
8 : . A a5

Dept. of Civil and Environmental System Eng.,
Konkuk University, Seoul, South Korea

2012 SWAT Conference, New Delhi, India




Q
07 Concluding Remark \

Concluding Remarks

® We introduced a grid-based continuous hydrological model.
They will be applied to project the future South Korea watershed
hydrology by applying climate change scenarios.

@ We need more modeling efforts for the underestimated ET and
soil moisture routing.

@ The model hopes to be called as PGA-CC (Projection of
hydrology via Grid-based Assessment for Climate Change), and
will be developed as a software at the end of this year (Climate
Change Assessment & Projection for Hydrology in Korea).
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