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Key issue

v Changing paradigm in water management of agricultural reservoir
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Background

v' Key issues in our agricultural water resources can
be summarized as follows:

« South Korea has a high dependency on fresh water
resources such as reservoirs and lakes.

Storage (10°m?3)

will affect Korean water resources
through its impact on the quantity, variability, timing, govorment v
form, and intensity of precipitation. CiAdministrative boundsey

® Pumping station
® Reservoir

, climate change will affect infilation gallry
via changes in rice
physiology and phenology, soil water balances,
evapotranspiration, and effective rainfall.

 The needs a
for the both irrigation
water and environmental flow.

* In order to assess the climate change impact on
watershed hydrology,




Objective

v’ SWAT2009

Using the study case of an , it was
shown that the current original SWAT2009 version is not able to
appropriately evaluate the reservoir performance in such a system when
it worked as a for irrigation and
environmental flow

Application of the original version in agricultural reservoir watersheds
using was not possible because the excess
irrigation depths are returned to the stream through the drainage canal
system

v" The purpose of this study is...

in the current reservoir simulation

module of the SWAT2009 version for correctly simulating the
based on operating rule



IWRM development

v Irrigation Water Requirement Model (IWRM)

was developed for the purpose of calculating the
In rice paddy fields.

 IWRM is a computer program for the calculation of crop water
requirements and irrigation requirements based on

« The program allows the development of {o]
different management conditions and the calculation of scheme
water supply for varying crop patterns.

 |IWRM can also be used to evaluate farmers’ irrigation practices
and to estimate crop performance under both



IWRM components

v Irrigation water requirement in paddy fields

Evapotranspiration
(Penman-Monteith method)

Crop coefficient
(for rice paddy)

Infiltration
(paddy field)

Evapotranspiration Rainfall

Drainage ratg,r"”;

Irrigation canal

Rice paddy

Drainage canal

Loss rate
(conveyence, management)

Rice phenology
(irrigation schedule)

Cultivation and
management water




IWRM simulation

Writing input file
Narme

Longitude in d

Extracting climatic data

Selecting cropping pattern data

Calculation of ETo and paddy rice ETc

Calculation of consumptive water use

Calculation of effective rainfall

NIWR = ET. + INF — EFR

Estimation of net irrigation water requirement

GIWR = NIWR/(1 — LOSS)

Estimation of gross irrigation water requirement

The resulting calculated . _
G IWR Writing output file

for reservoir
simulation

Latitude i

User interface

Text file




SWAT improvement

v The improvement of SWAT in order to suit the
actual situation in agricultural reservoir
watersheds of South Korea contains four aspects:

1) simulating the according to the SWAT coupling
with the calculated irrigation water from

2) applying the for

3) Incorporating the such as order,
Into the reservoir module of
SWAT

4) considering the that contribute to
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SWAT improvement

v' Reservoir control module

 Forthe

~a hew method is needed in the

reservoir control module of the model.

e The

may be calculated using one of four

different methods in the of
the original SWAT model.

Method IRESCO Requirement
Existing 0 compute outflow for uncontrolled reservoir with
(Cllalna en average annual release rate (m?3/s)
1 measured monthly outflow (m3/s)
2 simulated controlled outflow-target release (m3/s)
3 measured daily outflow (m3/s)
Added 4 calculated daily irrigation water requirement (103m3),

(improved ver.)

and environmental flow rate (m?3/s)




SWAT improvement

v Paddy water movement in SWAT

Irrigation

Snow

-
(_:____Snow Cover >

Infiltration

o

¥ 50il Storage

Soil Water Routing
(10 layers)

Soll Evaporation

) Plant Uplake and
Transpiration

Lateral Flow |

Water Balance

Evapotranspiration

Crop
Consumptive Use

Effective Rainfall

ion Return Flow
Qutfiow
(Spill and
Environmental Flow)

—’I Percolation

—}[ Irrigation Diversion |

—q Transmission Losses |

-
=i Shallow Aquifer
I

Route to next Reach or

— Resernvoir

- - -
| Irrigation | I Revap | | Seepage | m
—(:: Deep Aquifer :>

[ Irrigation |

[ | swAT module
D Subroutine

Hydrologic component
Original version
Improved version

| | External module (IWRM)

— SWAT process
—> |WRM process




SWAT reservoir simul

v Volume of outflow

Reservoir control
module

Outflow is determined
using the preceding
four methods

Controlled outflow The target storage is
with target release defined

IRESCO =2

Viiowout=(V-Viarg’NDtarg

IRESCO =1and 3 VﬂOWOUt=qOUl*864OO P

if V'Vpr < g, "86400 Vﬂowout:V'Vpr —
If V-Vpr > Qg 86400 Viiowout=9re| 86400 -«
IRESCO'= 0
If Vem'Vpr < Qg 86400 Vflowout=(V'Vem)+(Vem+vpr) -+
o If Vem'Vpr > Grg) 86400 Viiowout™(V-Vem)*0re 86400 B

Measured

daily outflow

Measured
monthly outflow

Average annual
release rate

12

ation

IRESCO =3
IRESCO =1

IRESCO =0
IRESCO = 4 (added new method by this study)

I cxisting method (IRESCO: 0-3)

[ Added new method (IRESCO: 4)



13

SWAT reservolir simulation

v Irrigation period m m

Vetowoutr = Viwr  if water level > DWL
diwrreturn = (Viwr - IWRy) /86400

Volume of water
loss

v Non-irrigation period

Irrigation

Vflowout = Jenvflown * 86400
if water level > RWL,

period ?

RWL,, is the restricted water
level (EL.m) for environmental
water supply, which is

by user within

- 86400

I.__ﬂ(ﬂ-l-“()uf = Yenvflow,n

I‘}](n-mm =Viwp

the



SWAT new parameters

data sets of In
the improved SWAT model

Data Added input Added output
Reservoir = Relation curve between water = Water level on day (EL.m)
characteristics  level (EL.m) and storage capacity = Irrigation water requirement on
(103m3) day (m3)
= HWL and DWL (EL.m) = [rrigation return flow on day
Irrigation = beginning and ending dates of (m3/s)
water irrigation period (mm/dd-mm/dd)  ® Environmental flow on day (m?)

= Dalily irrigation water requirement
(103m3) calculated by IWRM
= |rrigation return flow fraction (0-1)

Environmental = RWL (EL,m)
flow = Environmental flow rate for each
RWL

14
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SWAT modeling approach

SWAT
’ Upstream watershed ? Paddy field
using improved SWAT

m et redarermt coupled with the IWRM
models is performed by

- ’ e considering the
" Geaporaion Irrigation water l'e|atIOnShIp

- Seepage Reservoir water S — requirement for

- Storage balance each irrigated area
- Water level ’

- Release

District water

°*° « The improved SWAT and
oo - Iigated area IWRM models were linked
: IrrPiI”ation water Reservoir release [mation water suppY b‘
—En?/ironmental flow SO that OUtpUt from the
IWRM became input for
Downstream watershed the Improved SWAT mOdeI

Return flow

Complete



Study area

Watershed area: 364 km?
= Mean temperature: 11.5°C

= Annual mean precipitation:
1295.1 mm
ASan’q‘uk
veongaanney o P P S % ] & Paddy: 24.7%
o;nunRNor 'S TN -’ Upland crop: 14.1%
Forest: 44.7%

Stream Network
(] watershed Boundary
[] Study Area

_.g
1\

V¥ Stage Station
”5 @ Rain Gauging Station

Lt 1 L1 1 B Weather Station
Kilometers




Agricultural reservoirs

v' The reservoirs physical characteristics data

Reservoir
Characteristics Unit
Area Watershed area ha 7,100 4,830 1,240
Irrigated area ha 2,970 1,906 530
Area of full water  ha 230 138.4 40.5
Storage Gross storage 103m3 16,105 12,095 3,496
Dead storage 103m3 888 48 10
Water level FWL EL.m 54.1 67.7 120.8
HWL =y 52.4 67.0 119.1
DWL = 40.8 51.5 102.0
BEI Constructed year - 1963 1961 1975
Type - Fill dam Fill dam Fill dam

17



Data for SWAT evaluation
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Data R/S/P Description Source
Topography 30m Digital elevation model (DEM) KNGI
Land use 1:25,000 Landsat land use classification (seven classes) KME
Soll 1:25,000 Soil classification and physical properties, e.g., texture, KRDA
porosity, field capacity, wilting point, saturated
conductivity, and depth
Weather 1980-2012 Daily precipitation (mm), minimum and maximum KMA
temperature (°C), mean wind speed (m/s), and
relative humidity (%) data
Rainfall 1980-2012 Daily precipitation data (mm) WAMIS
Reservoir 1995-2012 Daily reservoir water level data (EL.m) and it was KRC
water level 3
converted to storage volumes (m3)
Discharge 1998-2012 Daily water level data (EL.m) and it was converted HRFCO

to streamflow (m3/s)
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SWAT reservolr simulation results

v' Evaluation of reservoir operation

* The Hydrological Operation Model for Water Resources System
( ) which developed by the Korea Rural Community
Corporation (1998) was adopted for the

Precipitation (mm)

—
=
-
1]
L
[
~
L
|
Q
=1
-

Madun reservoir (MD)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Date (day)
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SWAT reservolr simulation results

v Water balance

Reservoir water balance (10°m3)

Reservoir Model

INFLOW WB SPILL

Gosam HOMWRS 67,719 47,003 20,465
Improved SWAT 65,156 46,845 35,792

(-3.8) (-0.3) (-29.1)

Geumkwang HOMWRS 42,075 32,325 35,066
Improved SWAT 43,319 31,211 22,335

(+3.0) (-3.4) (-36.3)

Madun HOMWRS 9,672 5,987 6,565
Improved SWAT 9,905 7,987

(+2.4) (+21.7)
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SWAT reservolr simulation results

Reservoir Evaluation criteria
HOMWRS Improved SWAT
Gosam Mean storage, V 0.94 0.89
Mean V at 1 Apr. 1.00 0.99
Mean V at 30 Sep. 0.92 0.87
NSE 0.05 0.50
R? 0.50 0.68
Geumkwang Mean storage, V 0.97 0.86
Mean V at 1 Apr. 1.00 0.95
Mean V at 30 Sep. 0.96 0.85
NSE 0.23
R?2 0.61
Madun Mean storage, V 0.93 0.82
Mean V at 1 Apr. 0.99 0.94
Mean V at 30 Sep. 0.91 0.83
NSE -0.20

R? 0.50
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SWAT model calibration results

v' Streamflow at station

Calibration period
: 2006-2012 (7yrs)

amflow (m?¥/s)
Precipitation (mm)

Runoff ratio (%)
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SWAT model calibration results

v' Streamflow at station (watershed outlet)

N
13
(=]

s/ @l Calibration period
: 2006-2012 (7yrs)

N
=1
=]

Streamflow (m?3/s)

Runoff ratio (%)

Precipitation (mm)
Simulated data (mm)

0 50 100 150 200 250
Observed data (mm)

7 :l:esaI;:te 1.0645x + 0.3180 , Val idation period
1 1998-2005 (8yrs)

Runoff ratio (%)
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Simulated data (mm)
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SWAT statistical summary

Gauging station Static Calibration Validation All data

Precipitation (mm/yr) 1327.5 1306.8 1316.5
Anseong (AS) Runoff ratio (%) Obs. 43.0 40.6
Sim. 48.7 44.3

Evaluation criteria R? 0.82 0.69 0.75

RMSE 2.50 2.93 2.73
Gongdo (GD) Runoff ratio (%) Obs. 49.2 57.4
Sim. 52.8 51.6

Evaluation criteria R? 0.87 0.80 0.83

RMSE 2.03 2.56 2.31

» The peak runoff errors may be caused by poor simulation of anthropogenic
effects on (24.7% of the total area).

« Unlike typical runoff mechanisms, rice paddy hydrology is managed with irrigation
scheduling and levee height adjustment, which increase the difficulty of
simulating water budgets.

 During paddy cultivation periods, artificially control levee heights for their
own water management.




SWAT application

v Application of the improved SWAT model for
agricultural water management

——

I m p rov ed SWAT a N __ Regional

/" Climate change ™\ _
SR T .. climate model
‘ Hydrologic ‘. (T,P,WS,RH) /

model * o T & U = HadGEM3-RA

> Watershed -
( hydrology J 1 (RCP45/RCP85)
/S *fater ba Iance_)f"'___,- "

—
—— —

- S
S — .,
- — .

" Reservoir water . Irrigation \
management water demand )<
(irrigation water and J (rice phenology) S

“~_environmental flow) —
e e
!

~, lrrigation water
| requirement model
— N J

.. - Water supply capacity
y _ ( (reservoir performance
‘ Operation ‘ \ measurement)

IWRM

rule curve

Multi P le Assessment of climate change impact on

agricultural water resources and its management

Water Supply
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RCM projection

IPCC 5Xt H7I2 TN hSS 28t

7|t AU H1A 2011

v Downscaled data

« Source: NIMR/KMA (2011)
« Scenario:

* Period: 2006-2099

* Time step: daily
 Variable: T, PCP, RH, WS

o 2100 RCP2.6 RCP6.0
2
T Sloleel 1.4 2.4 2.9 4.7
£ Scale
2 Temp.
v (°C) Korea
‘E Peninsula
o
o
g Elieloe! 3.0 4.6 5.0 7.2
pt Scale
Prec.
1860 1900 1940 1980 2020 2060 (%) Korea

Year Peninsula




Change of rice phenology

v

under the RCP8.5 scenario

For

of future paddy irrigation, the rice

growing period can be shifted 17 days earlier without increasing the

IWR (Park, 2013).

v" Such a shift can significantly reduce the risk of rice plant damage due
to water shortage of the agricultural reservoir.

Seeding Transplanting Heading Harvesting

(4117) (5/11) {5!26) (911
& 97 days 9

 tadays _
45 day= | |

100 days

13 days _
ssdays  [HENN
_
104 days

| 14@5 _
45 days ;

15 days
45 days rransprandrg period (5/11-5/25)

Growing period (4/17-9/11, 148 days)

’_—

109 days

1}

2080s

2050s

2020s

Baseline

LTS
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410 4.-'20 4.'30 5."10 5]20 5!'30 6."9 6.’19 6.-'29 7)‘9 7!19 7."29 8."8 8!18 8[28 9."7

917
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Reservoir operating rule curve

water supply:restrict
58.8 103m3

- Wet year |

Water level (EL.m)

- Dry year
L DWL

Average ye

40 : } : : | ' :
101 111 1211 1M 3N 4/1 51

Date (day)




Effects of multiple water suppl§3

v' Streamflow at the watershed outlet (GD) using the
iImproved SWAT

Streamflow (mm)

. Precipitation
Scenario ecipitatio

(mm) Impact  Adaptation

Baseline 1227.8 601.0
RCP4.5 PAVPAOLS 1255.8 594.6 598.2
(+2.3) (-1.1) (-0.5)
PAVSIOLS 1379.7 707.1 715.0
(+12.4) (+17.7) (+19.0)
2080s 1425.5 741.7 750.5
(+16.1) (+23.4) (+24.9)
1256.6 603.5 607.2
(+2.3) (+0.4) (+1.0)
1459.9 764.2 770.2
(+18.9) (+27.2) (+28.2)
1499.7 778.3 792.6

(+22.1) (+29.5) (+31.9)
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Concluding remarks

« The main objective of this study is

in the irrigated agricultural region of South
Korea.

* Improved SWAT coupled with IWRM reproduced long-term water
guantity and reservoir operation better in an agricultural reservoir
watershed.

e This study provides a the variation of
agricultural water resources in highly reservoir watershed, and is
expected to technically support the assessment of multiple water supply
capacity.

« Although the applicability of this results is limited, they

particularly in the estimation of capacity and capability.

 Also, :
climate change In water resource planning for the
agricultural reservoir watershed.
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