Han River Flood Control Office (Ministry of Environment, Republic of Korea)

DWAT

DWAT (Dynamic Water resources Assessment Tool) — User’s Manual v1.1

May 2019

DWAT-User’s Manual v1.1



Han River Flood Control Office (HRFCO) ME

Ministry of Environmant

Korea Institute of Civil Engineering and Building @

Technology (KICT) KICT susirasasse
Authors

Sung KIM KICT
Cheolhee JANG KICT
Hyeonjun KIM KICT
Jaeheyon Park HRFCO
Hyoseob CHO HRFCO
Hwirin KIM HRFCO

Please refer this technical manual as:

KIM, S., JANG, CH., KIM, HJ., PARK, JH., CHO, HS and KIM, HR. (2019). DWAT - User’s
Manual v1.1

DWAT-User’s Manual v1.1



FOREWORD

DWAT is a software to analyze water cycle for a basin or water management unit with
runoff, evapotranspiration, water use and water supply in the different aspect of space and
time. DWAT uses a distributed conceptual scheme for water cycle analysis and can be used
with or without observed data. As the system is linked to a GIS tool, physical input
parameters can be extracted conveniently. The global analysis of a hydrologic network is
essential in numerous decision-making situations such as the management or planning of
water resources. DWAT makes such analyses accessible to a broad public through its user-
friendly interface and its valuable possibilities.

Software was developed in a "node-link type" that enables objective considerations of runoff
characteristics resulting from different geomorphological factors by dividing ranges into sub-
catchments judged to be hydrologically homogenous. The user interface of the model was
developed for easy access and operation of the model and it will help how to use the model to
effectively simulate and analyze many scenarios simultaneously.

DWAT has been verified by applying to various rural and forest catchments, including new
urban development regions in Republic of Korea. It also has been peer-reviewed by a panel
of Commission for Hydrology experts, who are applying it to basins located in different
geographical areas, each with different climatic characteristics. This peer-review has the
objective of further testing the system to strongly enhance the model reliability.
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The purpose of this user guide is to give instruction on how to use the DWAT. When
using the program, please check the content of this user guide.

Copyright © 2019 KICT & HRFCO

The copyright of the DWAT is reserved by KICT & HRFCO.

Any commercial use or unauthorized reproduction of the program and the user
manual are strictly prohibited.

KICT & HRFCO accept no responsibility and exclude all liability whatever in the
aspect of the program and any person’s use or reliance on any information of this
publication.

For any further information on this program including technical issues and questions
regarding the use of the program, please contact the researchers and development
team.

May 2019

Research/Development team

Department of Land, Water and Environment Research, Korea Institute of Civil
Engineering and Building Technology, 283 Goyangdae-ro, llsanseo-gu, Goyang-si,
Gyeonggi-do, 10223, Republic of Korea.

Team leader: Sung, KIM, Ph.D., Senior Research Fellow (skim@kict.re.kr)
Researchers: Cheolhee, JANG, Ph.D., Senior Researcher (chjang@Kict.re.kr)

Hyeonjun, KIM, Ph.D., Senior Research Fellow (hjkim@Kkict.re.kr)
TEL.: +82-31- 910-0745
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VERSION INFORMATION

Date

Version Contents

2017.12.31

1.0 beta

Establish Basic Structure of the Model

Including Evapotranspiration, Infiltration, Basin
Runoff, Groundwater Movement, and Channel Routing
Three Basic Nodes: Catchment, Reservoir, and Wetland
Six Functions For Catchment Configurations: Select,
Outlet, Link, Junction, Recycle, Import

Automation of Input Parameters Using GIS Preprocess
User Convenience Systems

2018. 09. 30

1.0

Hydrological process in a paddy field
- Applicable to Paddy fields in Asia region
Multi-Chart function
- Simultaneous checking of rainfall,
evapotranspiration, soil moisture, and total runoff
Added function to display and save graphics and table
results
Parameter optimization
- Providing a calibration tool with parameter
optimization and uncertainty analysis package
PEST (Model-Independent Parameter Estimation)
Snow melt module
- Applicable to the alpine region
Improving system reliability

2019. 05. 10

11

Hargreaves method
- Function to calculate potential evapotranspiration
Parameter optimization
- Automatic calibration can be applied to
downstream junction of the sub-catchment
considering the result of channel routing
Added function to copy and paste the properties of one
sub-catchment into the other sub-catchments
Improving by the peer-review from WMO experts
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BACKGROUND AND DEVELOPMENT PROCESS

Water Resources Assessment (WRA) is the determination of the sources, extent,
dependability and quality of water resources for their utilization and control (WMO,
2012, Technical Material for Water Resources Assessment, WMO-No0.1095, p. 8).
Traditionally (Historically) WRA has been possible by the “stationarity” assumption,
but Stationarity is dead because substantial anthropogenic change of Earth’s climate is
altering the means and extremes of precipitation, evapotranspiration, and rates of
discharges of rivers (Milly et al., Science, Feb. 2008). Therefore we need to find ways
to identify nonstationary probabilistic models of relevant environmental variables and
to use those models to optimize water systems.

Analysis models are necessary to analysis the structures and interrelationships of
water cycle systems and quantitatively assess the impact of changes in the
components of water cycle systems on other parts of the water systems. In addition,
common tools are required to support the political decision making, and those tools
need to include modeling capacity to assess the impacts of various water cycle
improvement policies and visualization of the results.

DWAT had been originally conceived to assist long-term planning and policy
assessment and development. Its application can allow assessment of land-use
changes within the basin over time, the impacts on water availability under differing
consumptive use scenarios, and the impact on availability due to climate change
through the application of scenarios. DWAT is intended to help users, particularly
policy specialists and water resource managers to identify current and future water
management challenges and compare these with the current and past states of water
resources availability. This tool also can improve understanding of the impacts of past
and present water management practices on water resources and better understand
interactions between climate, water and landscape. Its use can contribute to water
reform by providing nationally and regionally consistent water resources information
and data, such as, surface water, groundwater, urban and agricultural water supply and
use. Moreover, it will assist government policy formulation and the development of
broad scale strategic plans and decision-making.

DWAT has been developed since 2012 as a part of WMO (World Meteorological
Organization) RA (Regional Association) 11 WGHS (Working Group on Hydrological
Services) activities, and it has been supported by the Han River Flood Control Office,
Ministry of Environment, Republic of Korea. The beta version 1.0 of the DWAT has
been available by end of 2017. This version contains sub-algorithms such as
evapotranspiration, infiltration, basin runoff, groundwater movement and channel
routing and user convenience systems. In September 2018, version 1.0 was developed
with the addition of rice paddy node, snowmelt module and manual / automatic
parameter optimization. The version 1.1 was developed in May 2019, reflecting the
peer-review from WMO experts. In addition, system stability has been improved and
various functions have been added to save and display graphics and table results.
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CONCEPT AND STRUCTURE

The DWAT divides ranges judged to be hydrologically homogeneous into sub-
catchments so that runoff characteristics resulting from geomorphological factors can
be objectively reflected and infiltration, evaporation and groundwater flows can be
simulated according to soil layer. The runoffs from pervious zones and impervious
zones are simulated separately in the DWAT. In DWAT model, basins are divided
into blocks that are considered to be uniform in terms of groundwater depths or

topography.

Conowmet}e——| | | | | rerre

Impervious
zone

Surface flow

Sell Soll
(pervious) (Paddy)
Groundwater

Groundwater . Groundwater
Inflow Unconfined aquifer outflow v
Groundwater @
movement

N

The analysis module of DWAT are evapotranspiration, infiltration, runoff from
catchment, groundwater movement and channel routing. The evapotranspiration can
be imported when users have potential evapotranspiration already, or choose the
Penman-Monteith and Hargreaves method embedded. The infiltration is calculated by
the vertical/horizontal hydraulic conductivity. Green & Ampt method and Horton
method are also provided. The groundwater movement between adjacent catchments
and Muskingum method, Muskingum-Cunge method and Kinematic wave method
can be applied for river or channel routing.

Bunnod puueyd
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CHAPTER 1: INTRODUCTION

This user guide provides instruction on how to use DWAT and assists water resources
engineers and researchers to easily understand the program and to increase the reliability to
apply the program to fields.

The chapters of this user manual are organized as follows:

Introduction

Model Interface
Model Input Data
Model Running
Analysis of Results

SN

This chapter includes an introduction to program installation and its interface. In addition, all
the processes to create, extract and correct input data are explained in detail and the methods
to execute the model and analyze various figures and graphs are explained. However, the
configurations of the model described in this user guide are those for the current version and
they may be changed with further development. Characteristics of DWAT are summarized as
follows:

+ Physical parameter-based link-node type model

- Separate runoff simulations for pervious and impervious zones

- Analysis of infiltration, evapotranspiration, channel routing, groundwater flows
relative to soil layers and aquifers

- Simple, practical and easily accessible

- Guaranteed satisfactory results with minimal data and efforts

- Easy user convenience system (GUI)

- Provision of results through diverse tables and figures

1.1 System Requirements

In order to use the DWAT program, at least 100Mb is required as the minimum available disk
space. The minimum and recommended system requirements are in the following table.

Table 1.1 Minimum and recommended system requirements

System Minimum Recommended

Windows 98, Windows ME,

Operation Systems

Windows XP, Windows 2000,
Windows Vista

Windows 7, 8 and 10

Memory

512MB

1GB

CPU

P-4, 1.5hz Processor

P-4, 3.0hz Processor
Core2 2.0 Processor

Hard Disk Capacity

100mb Extra Space

500mb Extra Space
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1.2 Installation Procedure

t J ) SetupDWAT exe

Figure 1.1 Setup file

You install the DWAT by double-clicking on the SetupDWAT .exe file in the installation
directory.

(7 DWAT Setup = 2 =
Welcome to DWAT Setup

Setup will guide you through the installation of DWAT.

It iz recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Mext to continue.

[ oMextz | | Cancel

Figure 1.2 Starting installation

When the ‘DWAT Setup screen’ appears, click Next.

{57 DWAT Setup =l = =
Choose Components
Choose which features of DWAT you want to install. \ 9 )

Check the components you want to install and uncheck the components you don't want to
install. Click Next to continue.

Select components to install: i = Description

Space required: 92.4 MB

| < Back H MNext = ]| Cancel

Figure 1.3 Creating sample directory

The DWAT <Sample> directory including sample files such as climate, observed streamflow,
background image and etc. will be created in <my document> directory, click Next.

DWAT-User’s Manual v1.1 2



{57 DWAT Setup o] @ =]
Cheose Install Location —
Choose the folder in which to install DWAT, ( "y J

Setup will install DWAT in the following folder. To install in a different folder, dick Browse and
select another folder. Click Next to continue.

Destination Folder

Browse...

Space required: 92.4 MB
Space available: 217.9 GB

[ < Back ” Next = ][ Cancel

Figure 1.4 Directory selection

The DWAT install defaults to installing the program in C:\Program Files\DWAT and users

can create their own directory structure. Once you’ve designated the directory to which the
program will be installed, click Next.

{57 DWAT Setup [=] @ ==
Choose Start Menu Folder _
Choose a Start Menu folder for the DWAT shortouts, (JJ

Select the Start Menu folder in which you would like to create the program's shortouts. You
can also enter a name to create a new folder.

DwAT]

(Default)
(F)=BhA

3DP Chip Lite
Accessories
Administrative Tools
AhnLab

AMD Gaming Evolved
ArcGIS

Asmedia Technology
ASRodk Utility
Backup and Sync from Google
Canon

m

’ < Back “ Install ] [ Cancel

Figure 1.5 Creating shortcut

User selects the start menu folder in which user would like to create the program’s shortcut.
User can also enter a shortcut name, click Install.
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{77 DWAT Setup =] = | =

Installing s
Please wait while DWAT is being installed. k " )

Execute: C:'WProgram Files (x86) WDWATWvc_redist. x88.exe [quiet

Show details |

Figure 1.6 Installation progress

The ‘Program installation screen will appear. If you click the cancel button, the program
installation will not be completed. Please wait until the ‘Completing DWAT Setup’ appears.

(37 DWAT Setup =] = | ==

Completing DWAT Setup

DWAT has been installed on your computer,

Click Finish to dose Setup.

Figure 1.7 Completing installation

When the Completing DWAT Setup’ appeared, click Finish.
The DWAT program has been successfully installed.
You may check the installation in the ‘Program Start Menu’.

Windows Start Menu\Programs\ DWAT \ DWAT
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CHAPTER 2: MODEL INTERFACE

The interface of the model has been developed so that it can be easily applied and managed
by users and so that various scenarios can be easily applied. The model was designed to
enable to copy and paste time series data from Microsoft Excel sheet. All data sets are easily
managed in each project. The environment used in developing the user convenience system
(Graphic User Interface, GUI) is Microsoft Visual Studio and the system was developed for
Windows.

Figure 2.1 shows the DWAT basic configuration screen. The main screen of the DWAT is
primarily divided into the Main Interface, Parameters, and Node. The tools are used in
analysis and include the Main Menu and Toolbar, Node, etc. The Parameters window
indicates the attributes of nodes and the variables of the selected nodes.

Main menu Toolbar

g
q

(6 )
o 1@ 16 d;

i

> Node Parameter

Input

® i®ie
o)

]

T

Figure 2.1 Basic configuration screen of the DWAT

2.1 Main Menu

The DWAT has five main menu items and they are shown in Figure 2.2. The main
menu provides overall operation functions, including project file management, model
executions, and input/output result checking.
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\ GIS &;‘
/reprocessor/

= New project = Toolbar » DEM  Model Setup = Manual

= Open project « Status bar = Qutlet = Run = Support

= Save = Series view = Basin = Chart - About DWAT
= Save As « Hidden link = Soil - Scatter chart

= Background - lavers = Landuse = Water balance

- Create series - Zoom all - Series table

= Exit = Save graph
= Calibration

Figure 2.2 DWAT Main Menu

The functions of each menu are reviewed in the following sections.

2.1.1File

New Project: This is a menu to create new projects. This menu clears all data in memory and
interface fields and opens an empty project.

Open Project: This is a menu to display the standard file open dialog. It allows users to open
existing projects stored in the certain directory and it is mainly used to revise existing data in
the project. The extension of the project file is *.dpr and only project files (*.dpr) can be
opened.

& Open b4
« v A + ThisPC + Local Disk (D) » new > pangyo_gis » v | @ Sesrch pangyo_gis )
Organize »  New folder =~ o @

= ~ A
7@ OneDrive

[ This PC
¥ 3D Objects
[ Desktop
|Z| Documents
- Downloads
b Music
=] Pictures
B Videos
‘i Local Disk (C:)
- LoOcal Disk (D)
= Local Disk (E)

Calibration CAT_TEST graph info p_dm30 20161124.dpr 20161128.dpr

20161128_3.dpr 20161128_re.dpr 20161218.dpr 20161228.dpr 20170719.dpr 20171130.dpr 20171130_F.dpr

¥ Network w0 20171206 re.dpr - 11111111111 .dp  dwat_161227 test  DWAT_ 20161225, DWAT 20161226, DWAT_ 20161226 DWAT 20161227, |,

File name: | 20171130 F.dpr | [Project Files ¢*dpn -

Figure 2.3 Opening a project file

Save: It allows you to save the current .dpr file (including all screens, attribute information
and data of the open project).

Save as: It allows users to save the current project under another name.

Background: Background images (*.bmp, *.jpg, *.]png, *.tif) can be imported. This may be
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useful for configuring each source node and link on the background (e.g. basin boundaries

and rivers).

& Open
4 »
Organize »

nesc
¢@ OneDrive

3 This PC
J 3D Objects
[ Desktop
=| Documents
4 Downloads
D Music
= Pictures
B Videos
i, Local Disk (C)
= Local Disk (D)
= Local Disk (E)

¥ Metwork

This PC » Local Disk (D:) » 01_Boryeong

New folder

~

bor_1117.shp bor_1117.tif

bor_1117_cal tif

J.i

bor_detail 1117

P9 pg

L

bor_detail 1118

X
(] Search 01_Boryeong »
=~ 1 @
‘2 ¢ A
bor_detail 1119, boryeong.tif

P9

Bl ' I

Boryeong_1118:s

Boryeong_11184i
hp f

v

Boryeang_backgr
ound.jpg

boryeong_cal tif

boryeong2.tif

File name: | Boryeong_background.jpg

~| [imagefilest.bmp.~jpg.png. ~

Cancel

Figure 2.4 Importing a background image

Create Series: This menu creates time series (e.g. rainfall, meteorological data and observed
discharges) into input data files (*.dat) in the DWAT.

r

Create series

[S5X)

TIESET Period |ZDDZ-01-DIDD:DD j ~ |200?-12-31 00:00 j
" Hour * Day
" Month " Year Fidd |Solar | Add
" User define {min)
(" Observed data ,7 e | HErmiE | |

Rainfall | Temperatur wiind Humidity Solar =

2002401400 00:00 0.0000 -4.2500 4.2800 50,3800 0.3400
2002/01/02 00:00 0.0000 -9.0400 3.5000 36.9600 0.3300 ||
2002401403 00:00 0.0000 -B.8700 1.4200 53.4600 0. 20001
2002401404 00:00 0.0000 1.2600 2.9800 EE.0800 01700
2002401405 00:00 0.0000 -1.0200 2.8600 41.7100 0.34001
2002401 /06 00:00 0.0000 -1.6100 1.4300 50.7500 0.34001
200240107 00:00 01100 -2.3100 5.0300 57.0400 0.10001
2002401408 00:00 0.0000 -6.4500 4.7600 48.9200 0.1300
2002401409 00:00 0.0000 -5.1700 1.2100 56.4600 0.34001
2002401410 00:00 0.0000 1.7900 1.6800 E5.3800 00,0200
2002401411 00:00 0.0000 2.2000 1.7500 £9.4200)
2002401412 00:00 0.0000 2.9600 0.6500 £8.5800 0.2600
2002401413 00:00 0.0000 6.5200 27300 E5.1300 01000
2002/01414 00:00 0.0300 10.8400 2.8300 E8.59600 0.1500
2002401415 00:00 0.3700 11.8500 1.38000 91.2900 0.0000
2002401416 00:00 0.3000 7.4800 2.7300 £1.7900 0.0000
20M72M A7 AN-nn nannn 1 fann 1ao0n a4 R4 n Anan %4

4 T [

File header |
Series file |
Save Close |

Figure 2.5 Creating time series data
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2.1.2 View

View menu has various functions. These are briefly described below.

Toolbar: a function to show or hide the toolbar on the bottom of the main menu.

S 20171130der - DWAT
E s e

&
Clmate 1

==

Figure 2.6 Toolbar

Status bar: a function to show or hide the display window on the bottom of the DWAT

program window.

s
Top
Botom
Paping

- nwEg

Status bar

-y

Lesctage o £

Figure 2.7 Status Bar

Series view: functions to display the time series data recreated in the DWAT; check, edit and

save data files from model outputs; export the files as text

(*.txt) files (since all files created

in the DWAT are stored in the form of data files, *.dat (binary type format), this is a function

to facilitate users' checking).

.
B Series @
File |C:WUsErsWjangWDesktanpangynjisWC\imahe_}‘dat Load
Interval [1day ﬂ Start time [2002/01/01 00:00 Count [2191
Table |Table 1 - Decimal -
|
Date Fainfall | Temperatur ‘wind Hurniidity Solar =
1 |02/01/01 00 4.28 50.38 0.34
2 |02/01/02 00 0.00 -9.04 380 36.96 033 B
3 |02/01/03 00 0.00 -B.87 1.42 5346 0.20
4 |02/01/04 00 0.00 1.26 298 66.08 017
5 |02/01/05 00 0.00 -1.02 2.86 1.7 0.34
6 |02/01/06 00 0.00 161 1.43 50.75 0.34
7 |02/01/07 00 on 2.3 5.03 57.04 010
8 |02/01/08 00 0.00 -6.45 4.76 48.92 013
o movosod oo 517 121 545 034
10 | 02/01410 00 0.00 1.79 1.68 65.38 0.0z
11 02/01411 00 0.00 2.20 1.78 E3.42 032
12 02/0141200 0.00 298 0.65 E8.58 0.26
13 02/0141300 0.00 B.52 273 E5.13 010
14 | 02/01/14 00 0.03 10.84 283 E8.96 015
15 02/0141500 0.37 11.85 1.38 91.29 0.00
16 | 02/01416 00 030 7.48 273 .79 0.00
17 | 02/01417 00 010 1.89 1.482 8454 0.00
18 02/01/18 00 0.00 0.59 1.64 80.67 0.04
13 | 02/01413 00 0.00 3.45 208 T2E3 017
20 | 02/01420 00 0.24 0.85 0.54 a7.29 0.00 =
| [
Export Save
\

Figure 2.8 View time series data

Hidden link: a function to view groundwater flows and the water convey and supply links of
other improvement facility nodes (Import, Recycle) in addition to the links edited by the user
(displayed in separate colors; Green).
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Figure 2.9 View hidden links
\Layers: It allows users to remove background image\
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Figure 2.10 Remove background image

{ Comment [j2]: Review 50,




2.1.3 GIS Preprocessor

The physical parameters of the model can be searched and extracted automatically using GIS
Preprocessor menu. This tool allows users to load land use and soil themes into the current
project and determines the land use/soil class combinations and distributions for the
delineated basin and each respective sub-basin.

GIS data such as DEM, boundary, outlet point, soil and land use required to automatically
extract physical parameters must have the same Universal Transverse Mercator (UTM)
coordinate system.

The complete process of basin delineation and input parameters using GIS Preprocessor menu
involves a sequence of steps:

1. Itis important to use a DEM with no depressions or sinks, so users have to fill DEM
using other GIS Tools such as QGIS, ArcView and ArcGIS, etc.

- To create an accurate representation of flow direction and, therefore,
accumulated flow, it is best to use a dataset that is free of sinks. A DEM that
has been processed to remove all sinks is called a depressionless DEM. The
identification and removal of sinks, when creating a depressionless DEM, is an
iterative process. When a sink is filled, the boundaries of the filled area may
create new sinks that need to be filled.

+ The user needs to adjust the grid size of the DEM considering the size of the
watershed. This is related to the performance of the GIS Preprocessor.

2. Determining the slope direction at each pixel, i.e. the "aspect” of the terrain.

3. Determining the "flow accumulation”, that is, the number of upgradient pixels that
slope toward each point in the DEM grid.

4. Calculation of preliminary stream network raster using a flow accumulation.

5. Add a point that represents the outlet of the basin. You need to add and load a
"shapefile “that has the outlet for the basin.

6. Determining basin area using channel threshold value.

- Set the channel formation threshold value to something like 100 or 1000 or
5000 depending on the size of your basin and goals of your analysis. There is
no standard threshold value.

7. Overlay Soil map.

- In this model, the concept of surface soil indicates the depth (range) where
pores exist to temporarily store intermediate runoff. In the DWAT, infiltration
and evapotranspiration into/from soil are analyzed based on the physical
characteristics of the soil, and thus surface soil parameters should be
established. The physical characteristics of soil (including soil depth, saturated
hydraulic conductivity, horizontal hydraulic conductivity, saturated moisture
contents, residual moisture contents and Mualem's n) are used in this model.
The information on the surface soil depths and parameters is used after being
classified by soil texture based on the soil map.

8. Overlay Land use map

- Input data for land use conditions include ground surface slopes, impervious
area ratios, and depression storage. The information on topological parameters
is based on the land use map
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First, go to Main Menu and select GIS Preprocessor.

EETTy L. . - T

& @ | GIS Preprocessor ®
S Cachmes Py ) tmipon 1
Clamte 1
rpon weed oo

Figure 2.11 GIS Preprocessor Toolbar
B GIS Preprocess ==

Biosv  @ourer | Esasy | @son  EMianouse| @rux

~Layers

[mllval]

™ Accum
I~ Subbasin
I~ Stream
I~ s

I~ Landuse
I~ Outlet

10000.00 /-140000.00/ -9999.00110

Figure 2.12 GIS Preprocessor menu

DEM: A browser will be displayed allowing the user to select the DEM grid (Raster file:
hdr.adf).

This file format (*.adf) is the internal binary format for Arc/GIS Grid and takes the form of a
coverage level directory in an Arc/GIS database. To open the coverage select the coverage
directory, or hdr.adf from within it.

B GIS Preprocess =
Boev  pEourier | Eeasy | @son  MMiavouse| @ruw
~Layers
I~ oem
™ Accum
I™ subbasin ” ~
I stem @ Open =
™ sail C Y. p Search 20
DWAT » Ssmple + GIS + p.dm30 <[5 |[ Search p_am30 2]
P | | 2L |
I outet Organize * New folder =+ A @
S Fovortes  Name Date modifed Type

B Desktop [ hdr.adf 2/13/201811:42 AM_ ADF File
i Downloads

£ Recent Places |

i Libraries
[3 Documents
& Music
=) Pictures
B videos
8 Comnuter ~ | Kl i | b
File name:  hdr.adf + | Raster files(*.asc, it *tif hdra +

Figure 2.13 DEM importing

Click Open to proceed. When this step is complete, DEM and flow accumulation theme is
added to the GIS Preprocessor view.
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' GIS Preprocess.

Bioem  ®outier | Esasw @son  Eluaouse| Grux

Layers - o— —a

WV pem '

™ Acoum r

=it

<

2ol

(el

=

196612.04 ) 44235715 -9999,00
Figure 2.14 Imported DEM

o o =)
Moz BHourie EE @son  Phoovss| Gw
i

ie?

B e B B B

Z13BA4.04 AZTEFTNG] -9393.00

Figure 2.15 Computed flow accumulation
OUTLET: It allows users to add an outlet point.

\Once you have zoomed in, go to the Select outlet browser. Click "Add point", directly user
placed from add point using left-clicking on a stream pixel. If you are off the stream channel
by so much as one pixel you will not be able to delineate the correct drainage area. Your
outlet point must be in a flow channel pixel.\

If you have a shape file for the outlet point, you can create the outlet point by loading the
shape file using "Load" button.
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1 G5 Preprocess —i
Boev  ®oumzr | Bmasn | @son  Bhavousz| ©Oavs
Larers
~ oem
7 acam [Tt e e
r ! s L &
g S o
f R A e
r e N L sl
r IRYR i A L |
r VON LR e e
I g L # £ =
2
5 e
3 Fh A= 7l
iy !
) i o7 R 4]
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A AL B0 | )
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Figure 2.16 Basin outlet selection

a7 GIS Freprocess =)

Add Point

21054004 aemag

Wi e e |

=

21053004} 432717.15) 3000

Figure 2.17 Desired basin outlet selection
Click OK to proceed. You are ready to delineate the basin area.
BASIN: It allows you to delineate basin area using channel threshold value.

The threshold affects the size and number of sub-basins to be created. In other words,
a small threshold will allow you to extract many sub-basins with small areas.
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B GIS Preprocess
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i
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EOUTLET
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p: L‘w‘? \‘“\\ 'm. ) r -~ = il 15 '“———ul\i{
i > i s Bt A
l{\_l 2 ‘!f, o g <l y __.u‘_-‘_, _‘__,_'—'-_ﬁ 1
o AR S e | ettt
WU - pro. I = 4 A bl il
f - 2 & ]
Stream drop statistics \‘- 1 o ——— ‘ F L
Mo First | Mo High | MaanD First | Mean D High St Dev High Std Dev High =
Thisshoid | DranDen | T 4" | Vgid Ord Oid Oid Oid T J
1 |SD00000 3SO2EIO003 186 53 GBA0ES  AMM30% MBS Q67T 0530713
2 8340503 284411%-003 107 az 35168224 JFnersn I nzzae 40023167 -0.z5587
3 13WTW 27EeDE 7117 33T 44117645 40151062 BIGOSSEE  0.az7ENt
4 |ZRHTMT 1TMTEel B 9 IEENNIS  AZSBESE  IGEIA06  ASOETEE1  L510604
5 WANE 1NMI0DE M7 TLTHEEE  ZASTIAE 416X ZATIET  01306E
g BASTTAE A7949(Be004 3 3 402222 29 BESEEE 46 542337 12.500335 0376360
7 |TINTE BEEITeUM H SI00DO00  ZTS0O000  SOGDOMS  ABSTHS  D67TSATZ
g 173630720 678B122e0M4 4 50 750000 BOODO0D 47310146 B4BTB1  1.254473
|
Input threshold | 150

199538.04 } 438723.15/ -9999.00

Click OK to proceed. You have a delineated basin.

Figure 2.18 Channel threshold selection

#1 GIS Preprocess

| Bozu
Layers
¥ pEm
W Acoum
¥ Subbesin
| | 7 sweam

FOUTLET

201138.04] 428739.15] 269.00

Figure 2.19 Delineated basin.

SOIL: It allows you to overlay soil type theme to the basin boundaries.
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W3 GIS Preprocess X

Bioem  @ourrer | Esasy | @sow  HMiawpuse| ©@rux

Layers i ‘% o bt 'y
[Aloem [ L ﬂ
1 accum . ik 4 ‘HI‘_ o i
[ subbasin , =
[Istream - ‘.X { ]
[]s0i
Landuse 2 [« new > pangyo_gis v &/ | Search pangyo_gis r b
Outlet 1 'l
Organize + Mew folder =~ ™ @
zoorTl B30Objects A Name Date Type )
[ Desktop [ dwat_test_1208.shp SHP File
ocurments [ Idus_mergez.shp 8 SHP File
3 Downloads [7] outlet_point.shp 8/ SHP File
b Masic [7] pan_stream2.shp 8/ SHP File
) [] pangyo_0818.chp 8/ SHP File
== Pictures [ Pangyo_CAT3shp &/ SHP File
[ videos [ soil_merge2.shp s SHP File Al
‘& Local Disk (C) | ] soil_pan.shp 8/ SHP File
; . v
B - i aner v

T = 7 o i
-

f Fl s e 3 _'“.I.... 27]3-5;52.0211437073.151 315.00
Figure 2.20 Importing soil type m:alp

DWAT require the land use and soil data to determine the area and the basic hydrologic
parameters of each land-soil category simulated within each sub-basin. If the soil and land use
are defined in the same projection (UTM) as the DEM, select shapefile (*.shp) in the file
browser. If soil map is not projected as the DEM, This will stop map processing.

When this step is complete, a dialog box will pop up listing database files from which soil
type can be selected. The user needs to define DWAT soil type associated with soil type
theme categories. Select the attribute field containing the codes/category values to be
reclassified: SOILSY (in case of Republic of Korea).

W GIS Preprocess X
Biozv  @ourier | EBasy | @son  EMiawouse| @rux
Layers 1 w &
W -
DEM r <
Accum . o =—1rg
A ] . 4
Subbasin b =
Stream Select field of soil type(number] x ]
Soil
[ianduse AREA_ | PERIMETE | s37r0as | 5377053 | [ SO TYPE | TYRE | A :
o 117441230 BE2432 2 120028 0 3 N
2 |3863188 476946 3 120264 3
700m Al 3 |7EETA5Z  BEB.ME 4 118273 1
4 BOIE311 580.413 ] 1159414 3
5 |177667.000 3140233 6 119504 3
6 98812560 2686792 7 120537 3
7 | 74340700 2073130 B 2051 107 1
& |G50678.300 8666468 9 120989 3
9 | M1281.770 1037.890 10 120868 3
10 605306 347.047 n 120476 3
1114433180 G4ET4E 12 120768 4
12 1476074 196955 13 120476 3
13 7141438 BIZHE 14 120476 3 «| B
e e r—— IR - B = -
SelectField | SOILSY - Info Cancel "

. i |
e § - : Y { 203728041 437089.15; 323.00
—

Figure 2.21 Soil type overlay

Click OK to proceed. Soil type theme is added to the basin boundaries.
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"7 GIS Preprocess X

Bl oene Eliavouse | @rux

Layers ‘ﬁ [

[ pEm
‘Al"“"‘

#ouTLET | EBasy | @sow

Accum
Subbasin
Stream
Soil
[ianduse)
Outiet

Zoom Al

[ ]
—-ﬁ 210560.047 436945.15;  27.00)

o ey 3
Figure 2.22 Integrated soil type with the basin boundaries.

In other countries, User needs to match the soil category with the basic hydrological
parameters provided by DWAT using "Info™ button in "Select field of soil type" window, as
shown in figure 2.23.

1 GIS Preprocess =]
Boev  pejourier | EBasiv | @son  Mlianpuse | @ruv
Layers
DEM | Select field of soil typetnumber)
- | FiAGE | FSE | WBELUT | WISELLE |
DOMSOI | PHASET | PHASEZ2 | MISCLUT | MISCLU2 ||~
Erid 1 02 ] i o
steg | 2 1 0 o
Sail 3 0z 4 1} a
Land 4 02 4 1) a
5 02 4 0 0
outi) g 40 0 0 0
(zom] 2 o 0 0 0
8 oo 0 0 0
3 Bd i 0 0 0
10 Bd m 0 0 0
11 Rd 0 0 o
12 Nd 0 0 0
<l "
Select Field [FAOSOIL ] [ wo [ ok ][ concel
CNTCODE
CNTHNAME
COUNTRY
DOMSOL
MISCLU1
MISCLU2Z
PERMAFROST
PHASE1
PHASE2
SNUM
SOKM

Figure 2.23 Soil category selection (example of Bhutan).

Click Select field to proceed. Choose the soil type field (FAOSOIL in Bhutan) in your

country.

Click "Info" button. In this soil property window, user can see parameters according to soil

texture provided by DWAT.
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Soil (===
@) Property ~ ) Match table
MName depth 3_per I_per FC_per Woper -
1 |Sand 020 0437 0.020 0.09 0.0z
2 | Loamy Sand 050 0437 0.035 013 0.0F
3 |Sandy Loam 0.z20 0.453 0.041 0. 0.0f
4 |Loam 050 0463 0.0z27 027 011
5 | Silt 0.50 0.489 0.050 0.30 01:
g | Silt Loam 050 0.501 0015 0.30 01:
7 | Sandy Clay Loam 0.50] 0,398 0.068 0.33 01
g | Clay Loam 050 0464 0.078 0.25 01
g | Silty Clay Loam n0.zo 0.471 0.040 0.3z 0.2t
= —— f— — - = =
[ Make from ] [ Load ] [ Save ] [ OK. ]

Figure 2.24 Parameters for each soil texture in DWAT.

Select "Match table" to proceed. When this step is done, you are ready to match the type and
parameters of DWAT.

Click "Make from" button. When this step is complete, the soil category selected in previous
step appears on the left field, and you should select the soil texture in the Type field.

User can save and load the newly created soil texture using the "Save" or "Load" button

Soil (=230
I Property @ Match table
FaosaIL Tupe -
2 |Bd3z-Zbc Select -
Sand =

3 |lBhlc Loamy Sand =

4 | MNdB3-3bc Eand_l,l Laarn

5 |Rd281a ol L
] F

[ Make from ] ’ Load ] [ Save ] [ OK. ]

Figure 2.25 Soil texture matching (example of Bhutan).

Click OK to proceed. Soil type theme of your country is added to the basin boundaries.
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LANDUSE: It allows you to overlay land use theme to the basin boundaries.

Select land use theme (*.shp).

Layers
[ApEM
[ Accum
[ 5ubbasin
[Astream
[ S0l
[Landuse
Outiet

Zoom All

e

@ourter | EBasy | @sor  MMiavpusz | @run

T

4 | « new » pangyo_gis * Search pangyo_gis
Organize v+ New folder = -
B 3D Objects A Name Type
[ Desktop |7 20171130 F.shp

%] Documents [7] 20171206 reshp

& Downloads ] dwat_161227 sestshp
b Music L] pwaT_20161015.5hp
- [7] DWAT 20161225 shp
= Pictures [7] DWAT_20171130.shp
& videos [ dwat_test_1202.shp
., Local Disk () [ dus.merge2shp

= Local Disk (D:) - [ bk vt ol

SHP File
SHP File
SHP File
SHP File
SHP File
SHP File
SHP File
SHP File

cun - i

File name: [Idus_merge2.shp | [shape flesshp)

o L‘ 206736.04 437057.15/ 140.00

Figure 2.26 Importing land use map

When this step is complete, a dialog box will pop up listing database files from which land
use type can be selected. Select the attribute field containing the codes/category values to be
reclassified: UCB (in case of Republic of Korea).

Layers
DEM
Accum
Subbasin
Stream
Soil
Landuse
Outiet

Zoom Al

Bom

@outler | EBasw | @som  EMiawouse | @ruw

& Open
s « new > pangyo_gis > Search pangye_gis
Organize v New folder E
B30 0bjects A RNeme Type
[ Desktop [ 20171130_F shp X SHP File
4 Documents ] 20171206_re.shp SHP File
B Downloads [ dwat_161227_test.shp X SHP File
| ] DWAT 20161015.shp 3PM SHP File
[] DWAT_20161225.shp X SHP File
| ] DWAT 20171130.shp SHP File
(7] dwat test_1208.shp M SHP File

‘& Local Disk (C:) || Idus_merge2.shp SHP File
— Local Disk (D) T it i e o cun e i
v <

B Music
=] Pictures

B Videos

File name: Idus_merge2.shp | [shape files(rshp)

= ‘__‘ 206736.04/ 437057.15/ 140.00

Figure 2.27 Land use overlay )

Click OK to proceed. Land use theme is added to the basin boundaries.
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%7 GIS Preprocess x
Biozv  mourier | EBasy | @son  EMiavouse | @rux

Layers - = "1 i
DEM f . 1'
Accum e LY : N
[Asubbasin E 2 :

Stream * :

Soil

Mz
Outlet

Zoom Al

Natershed
4

208768.04/ 437089.15)  43.000

Figure 2.28 Integrated land use with the basin boundaries

In other countries, User needs to match the land use with the basic hydrological parameters
provided by DWAT using "Info" button in "Select field of land use type" window, as shown
in figure 2.29.

| GIS Preprocess =]
Bfoev  Eourier | EBasyy | @son  MMiawouse | @rux
Layers 4. -’ i
[¥] pEM - ! ‘\
Accum e L
[¥] subbasin Select field of landuse type(numbr) ==l
Stream
] I :-ocooc IR -
7
Lo il R
Landuse 2 |2 0
Outlet 3 |3 0
4 |4 [
E |6 0
707 0
g |8 0
9 |9 0
10 |10 0
11 0
12 |12 0
13 |13 0 -
=N ) b
SelectField [GRIDCODE ] [ wme J[ ok ][ concel
GRIDCODE \
—

o -
3 = 689513.92/3086427.77] -9999.00

Figure 2.29 Land use category selection (example of Bhutan).

Click Select field to proceed. Choose the land use field (GRIDCODE in Bhutan) in your
country.

Click "Info" button. In this land use property window, user can see types (Pervious,
Impervious, Paddy and Plant) according to land use name provided by DWAT.
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Landuse (=234
Hame Tuwpe =
1 (1110 Ilmpervious -
> 120 Pemviouz -
3 1210 Paddy El
4 1220 Plant |
2110 Impervious .
E 2120 Parvious .
7 |2z10 Paddy [<]
g |2220 Plant ]
q 2230 Impervious .
10 (2310 Pervious .
1‘. = T F
[ Make from ] l Load ] [ Save ] [ OK l

Figure 2.30 Types for each land use name in DWAT.

Select "Match table" to proceed. When this step is done, you are ready to match the name and
type of DWAT.

Click "Make from™ button. When this step is complete, the land use category selected in
previous step appears on the left field, and you should select the land use type in the Type
field.

User can save and load the newly created land use type using the “Save" or "Load" button

Landuse [
Hame Type e
1] I -
2 (10 Select
Impervious
3 M M
4 |12 Paddy
Plant
r |13 FEMIOLE -
E |14 Perviouz |
7 |15 Impervious =
a |16 Perviouz =
q |17 Periouz =
10 [18 Plart v
e — X
’ Make from ] ’ Load l [ Save l [ oK ]

Figure 2.31 Land use type matching (example of Bhutan).

Click OK to proceed. Land use theme of your country is added to the basin
boundaries.
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RUN: It allows you to determine the area and the hydrologic parameters of each land-soil
category simulated within each sub-basin. Once the joining attribute codes have been
assigned to all map categories, the file browser will appear. It allows the current file to save in
*.dpr file format (attribute information and parameters of the basin).

Bioem  @ourier | Msasry | @son  MMiawouse| @row

JE S

Layers

DEM

Accum

Subbasin B = §

Stream & Save As

[ sei 1 « new > pangyo_gis > Search pangyo_gis

Landuse
Outiet

Organize v New folder

|2 Documents ~  Name
¥ Downloads P 1228

Zoom All T-'FE _
DPR File
DPR File
DPR File
DPR File
DPR File
DPR File

| 20161228.dpr

b Music [ 20170719.dpr

= Pictures [ 20171130.dpr

B videos [ 20171130_F.dpr
. Local Disk (C3) u 20171206 _re.dpr
[ 1 der

= Local Disk (D)

I mmal Picl (B e

File name: | EOEANENNET]
Save as type: | Project file(*.dpr) i

Hide Folders Cancel

- L,‘ 206672.04} 437089.15¢ 165.00)
: LIS LN

Figure 2.32 Fully integrated hydrologic model

Click SAVE to proceed. A hydrologic model is created.

L\ Complete create model

Figure 2.33 Completed hydrologic model

Click OK to proceed. When you close the GIS Preprocessor window, the Delineated basin
will appear.

DWAT-User’s Manual v1.1 21



peng~ p

Bis “"

BLE

Figure 2.34 Completed hydrologic model main window
2.1.4 Model

Model Setup: It allows users to set up environments for running the model (e.g. simulation
time and period).

Simulation setup [

Title

Term 2002-01-01 [@+ ~ 2007-12-31 [G~

Interva 86400 =| (sec)

[ Ck. ][ Cancel ]

Figure 2.35 Model simulation time and period

Run: It allows users to execute the model simulation.

Run model

[

Complete calculabon

AEEENNEENAENOEENERRRERERE
Run I Close |

Figure 2.36 Completed model simulation

Chart: Graphs of the simulation results after running the model will appear on the screen
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Scatter chart: The statistical values for simulation results and the measure

Figure 2.37 Model simulation results

observed values and simulated values will appear on the screen.

7 Scatter Chart P
Simulated  |Outlet 1 - Field | flow_total(m'/s) -] [
Apply
Observed [able 1 ~| .| Fed  [Observed data -
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Scatter Chart
a5 Mash-Sutciffe efficency
0.6163
40
L RMSE(Root Mean Square Error)
== 0.0104
- o A MAE({Mean Absolute Error)
£ - ... 0.5216
3 L
E 2 ° RE Relative Bias)
L] L
® ]
- . ..’. 0.4232
¥ " s VE (Volume Error)
1 o8 %
i %. e . -a2.3242
R2 (Coeffident of determination)
A
L] 0.6772
0 10 15 20 25 30 3s 40
Observed

Figure 2.38 Model statistical values before calibration

Water balance: Water balance at basin outlets can be identified.

‘Water balance ﬂ
C Byyear  © Bynode Mode [Catchment: =] Select  [ouer 1 -]
| Average 2002 | 2003 2004
| Raintall 165 12317 1514.8 12170
Inflow 00 00 00 00 e Evapatrans/ation
[ET 3535 3859 3325 3743 \nfiliration
| ET_imp 79 79 29 72 1,262
ET_per 3457 3480 3236 3672 Surface flow
Runoft 9635 7222 1166.1 84438 Recharoe "
| surface 76.3 69.1 858 689 otat runaft
| Interfow 921 692 11286 798 ,l Intertlow
Groundwaler 795.1 5838 %77 696.1
[ nfitration 12623 11547 14201 11408 Groundwaer
Recharge 799.7 600.8 9775 6926
Soil 248 1367 64 14 —
IGW-SIulage 46 169 99 -36 Groundwater movement
| »
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Figure 2.39 Water balance at basin outlets
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Series table: Check the table for the results of each hydrological component in the sub-basin
(The sub-basin node can be selected from the left side, and the hydrology component per node
can be selected from the right side).

Series Table ]
Hodes Fields
| | Nodes | - Field 1 -
| | A catchment 1 [ Inflow(m’)
Ol catchment 2 =2 B Rainfall{mm)
[Jcatchment 3 ] Actual Evapotranspiration{mm) =
Jcatchment 4 [CJrotental Evapotranspiraton{mm)
[ catchment 5 I Flow_surface{mm)
Jcatchment & I Flow_Inter (mm)
[ catchment 7 [ Flow_Groundwater {mm)
Dune 1
COauncz [ Infiltrate (mm)
d3une 3 it [CIRecharge (mm) =
Views Close |

Figure 2.40 Model simulated time series result of several hydrological components

Click View to proceed. Table results will appear.

Series table =X
A B c =

1 Catchment 1
2 Date Rainfallmml  Flow_Totalmm)

2072 2004/05/1311:00 0 0.0188607

2072 2004/05/13 1200 0 0.0187014

2072 2004/05/13 1300 [u] 0.0187423

2072 2004/05/1314:00 i} 0.01875834

2073 2004/05/1315:00 i} 0.0188246 =

2073 2004/05/13 16:00 i 0.0188639

2073 2004/05/1317:00 [u] 0.0189033

2073 2004/05/13 18:00 [u] 0.0189423

2073 2004/05/13 1900 i} 0.0189827

2073 2004/05/13 20:00 i 0.0130227

2073, 2004/05/13 21.00 0 0.0130606

2073 200405713 2200 [a] 0.0190968

2073 2004/05/13 2300 [u] 0.019137 -

< | » [T

Figure 2.41 Rainfall and total flow time series results

Save graph: Save the graph for the results of each hydrological component in the sub-basin
(The sub-basin node can be selected from the left side, and the hydrology component per node
can be selected from the right side)

Save graph [
Modes Fields
Modes | - Field | -
Catchment 1 1 Inflow(m™) |
[ catchment 2 - Rainfall{mm)
[ catchment 3 [] Actual Evapotranspiration(mm) =
[ Catchment 4 ] Potential Evapotranspiration {mm)
[ catchment 5 [ Flow_Surface{mm)
[ catchment & 1 Fiow _Inter{mm)
[ catchment 7 [ Flow_Groundwater (mm)
O aumc 1 Sl Flow_Totalenr) |
O unc 2 ] infilrate{mm)
[ unc 3 - ] Redharae {mm) 22
Save | Cloge I

Figure 2.42 Model simulated graphical result of several hydrological components

The file browser will appear. It allows the current file to save in *.bmp file format
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TeeChart

38

® Rainfall(mm)

= Flow_Total(mm)

32
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26

24

22.
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Lt

12

02/01/01 00 02/08/27 14 03/05/1522 04/02/01 06 04/10/19 14 05/07/07 22 06/03/26 06 06/12/12 14 07/08/30 22

R ]

Figure 2.43 Graphical result of rainfall and total flow.

Calibration: It allows users to calibrate and optimize parameters using PEST (model-
independent Parameter ESTimation).

DWAT automatically optimizes parameters for soil and aquifer for single basin with observed
streamflow. A detailed description for the automatic optimization is given in Section 5.6.

Calibration
Node Output field [ Convert cms to mm{Cbserved)
Observation E] [ v] [ -]
Simulate Term 2002-01-010 »  ~ 2007-12-312 Calibrate Term ~ 2002-01-010 » =~ |2007-12-312

Parameter |Resu|t | Table I Graph | Sat‘berl

Description ‘ Unit | Default Min Max Use
Riverbed | River bed thickness m 1 0.1 2 ¥
ku_riv s of river bed mmyfs 0.004 1e-06 1| ¥
s Storage coefficient - 01 0.01 01 ™
Soil depth | Soil depth m | 0.0476402 0.0 5
Bs Saturated soil moisture - 0455007 03 1 ¥
Ks s of soil{verical) mmfs 100181713 1e-05 008 o
Ksi s of soil{lateral) mmfs 0.0181713 1e-05 03

l Generate ] l Run ] l Apply ] [ Cloge ]

Figure 2.44 Parameter calibration tool in DWAT.
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2.1.5 Help

Manual: It is a view menu for the DWAT user manual
Support: It allows users to link to the DWAT development team

About DWAT: It is a menu to identify the copyright and version information of the DWAT

About DWAT (=]

DWAT. Version 1.1 (2019)
Copyright ® by HRFCO & KICT

Figure 2.45 DWAT copyright and version information
2.2 Icon

The user interface of the DWAT basically includes 11 icons. There are four basic nodes (i.e.
Catchment, Paddy, Reservoir, Wetland); and five functions for catchment configurations (i.e.
Link, Junction, Recycle, Import and Outlet to connect between nodes). In addition, Select and
Climate icons are included to check attributes.

Nodes x
5 &
Select Catchment Paddy
= ™
® & D
Import Wetland Reservoir

1Q @
LY

i Catchment
- Paddy

. Import

i Wetland
Resenvoir
Recycle
E-Jun{tlnn
i Outlet

- Link

. Climate

Figure 2.46 DWAT basic icons
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2.3 Property View

The Property View displays the attribute information of each node, link, and junction. That is,
an attribute information screen automatically appears on the left when a node, link or junction
is individually selected on the main screen. Information on parameter values can be identified
and corrected.

TP eeer——
File  View GIS Preprocessor  Model  Melp
Jgd 4 s &6
ey o e R
!’ = [Propensy =
= Catchment node -
Gelect  Catchment  paddy 2 Jmpert1 Name Cotchment 12 ml
Glimate 1 y Duscrpt
) ™ E e 1
= == Impersious P
Wpat  Wellnd  Resevor Property pemieus P
. — e »
D () ™ View Sope 025
o depl_pes s
Reeye  wneoon Gutet deptimp H
Soll
9 @ theta_per 035
sl thick 1000
Link Climate Saturate 0453
Residual 0041
Field capacity o207 |
Wiling paint 0005
ks 000051
s 0002
Catchment. Muslem !
Faddr Inf method Rainfsl Excess
Impont Pl 101
Wetlang k 414
pend e o
fecydle Fa LE]
unctin Aquiter
Outhet gwt B
Link e Ll
Chimate Bed thick 1
ou_riv 0004
area o3
s o1
Top 3
Bottomn %
Pumping o
Leackag ?
N S v s
—

Figure 2.47 Property View displays
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CHAPTER 3: MODEL INPUT DATA

The DWAT requires various input data to describe the basin characteristics, such as topology,
geological features, hydrologic and hydraulic features, artificial systems for water use and

drainage, in the analysis of water cycle.

In the analysis, the DWAT uses physical parameters based on physiographic factors, soil, and
groundwater as shown in Table 3.1. Physical parameter values can be established using land
use data, soil diagrams, and river data, etc. Table 3.1 - 3.3 contain a list of input data at source
nodes (i.e. urban, forest, paddy and water cycle improving facilities) and links. In this chapter,

the processes to create, extract and process these input data are explained in detail.

Table 3.1 Model parameters (Other node)

Division Input variable Description of variable Unit
vol_init Initial storage m®
vol_eff Effective storage m?
intake_vol Intake volume m*/day
Kgw Satqrated hydraulic conductivity of the mm/s
aquifer
_ spill_ht Height of spillway m
Reservoir spill_length Length of spillway m
spill_coef Overflow coefficient of the spillway -
pipe_ht Height of outlet pipe m
pipe_area Avrea of outlet pipe m?
pipe_coef Runoff coefficient of outlet pipe
H-V-A Stage-storage-area relationship m-m?>-m?
vol_init Initial storage m?
vol_max Maximum storage m?
flood_bypass High flow bypass during flood m?/sec
Kgw Saturated hydraulic conductivity of the mm/s
Wetland aquifer
pipe_ht Height of outlet pipe m
pipe_area Avrea of outlet pipe m?
pipe_coef Runoff coefficient of outlet pipe -
H-V-A Stage-storage-area relationship m-m*-m?
rec_intake Total intake volume m*/day
Recycle rec cond Restriction for intake rate according to o
- streamflow 0
import water Constant volume or time series data of m¥/da
External water  IMport_ imported from outside y
supply
Leakage Leakage rate %
Latitude, Elevation, The location, elevation, and height of the m
) Height observatory
Meteorological . . . .
condition Rainfall, wind velocity, sunshine hours,
Climate data lowest/highest ~ temperatures,  relative -

humidity

DWAT-User’s Manual v1.1
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Table 3.2 Model parameter (Catchment nodes)

Division Input variable Description of variable Unit
Subject basin Area Area Km?
Slope Catchment average slope -
Aratio_imp Impervious area ratio %
Ground surface Aratio_per Pervious area ratio %
condition Aratio_per_plant Vegetation area ration in pervious zone %
DepC_imp Depression capacity in impervious zone mm
DepC_per Depression capacity in pervious zone mm
theta_per Current soil moisture content -
soil_th_per Soil thickness m
s_per Saturated soil moisture content -
r_per Residual soil moisture content -
FC_per SMC at field capacity -
W_per SMC at wilting point -
Surface soil ks_per Saturated hydraulic conductivity mm/s
ksi_per Saturated horizontal hydraulic conductivity mm/s
Mualem Index for Mualem Eq. -
PSI Wetting front soil suction head mm
fo Maximum or initial value of infiltration capacity into the soil mm/hr
fc Maximum or ultimate value of infiltration capacity into the soil mm/hr
k Decay coefficient hr
rivE Riverbed elevation m
. Area_riv Area of riverbed Km?
River . . .
riv_th Thickness of riverbed m
ku_riv Riverbed material permeability coefficient mm/s
gwE Current groundwater level m
aqf_S Storage coefficient of the aquifer -
aqf_Top Top elevation of the aquifer m
aqgf_Bot Bottom elevation of the aquifer m
Groundwater aquifer slope Average slope of the aquifer -
aquifer node length Average node length m
conj. length Conjugated length between nodes m
Kgw Saturated hydraulic conductivity of the aquifer mm/s
GW_pump_rate Groundwater pumping rate m*/day
leakage_rate Leakage rate of water supply networks -
irr_start Date of start of irrigation April 1%,
irr_end Date of end of irrigation September 30",
Surf_dr_ht Monthly drainage outlet height m
surf_dr_cf Coefficients of drainage outlet -
Paddy udgw_dr_cf Coefficient of drainage pipe -
Diameter Diameter of drainage pipe mm
Rain Max. Threshold rainfall to open the drainage pipe mm
Coef. A Number of drainage pipe -
Coef. B Runoff coefficient of drainage pipe -
Melting Melting factor mm/°C/day
Refreezing Refreezing factor -
CWH Critical relative water content of the snow pack -
Snow melt i
Threshold Temp. Threshold temperature of rain/snow °C
Interval Temp. Temperature interval for rain/snow mixing °C
Snowmelt Temp. Threshold temperature for snow melt °C
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Table 3.3 Model parameter (link, channel routing)

Division Input variable Description of variable Unit
DT Time step for calculation unit time
Muskingum X Routing factor (0.0 - 0.5) -
K Wave travel time hr
Channel length Length of channel m
Channel slope Bed slope of channel -
Muskingum Cunge  \janning N Manning roughness coefficient -
Channel Bottom width Bottom width of the channel m
Routing Top width Top width of the channel m
Manning N Manning roughness coefficient -
Channel slope Bed slope of channel -
Kinematic Wave Channel length Length of channel m
Bottom width Bottom width of the channel m
Top width Top width of the channel m
Channel depth Channel depth m

3.1 Subject Catchment

The range of water cycle assessment primarily consists of basin systems, including stream

network. In the stage of composing a basin system, catchment information is required and

information on ]observed streamflow lis needed to compare simulation results to observed data.

[Comment [j9]

: Review 26

The user can import images of basin systems including catchment information as the

background. It allows users to configure links and source nodes easily.

3.1.1 Background Image

‘& 20161124 dpr - mv_AL:

‘[ File | view GIS Preprocessor  Model  Help

_J Mew project

o EF Open project

= save

Sawe As

Batkground
Creale series

Ctrl+=M
Ctrl= O
Chrl=-5

1 Downewipangyo_gIis'\20161124.dpr
2 Drunewh,. ADWAT_20171130.dpr

3 DWAT_201612326_re.dpr
4 eunewt.. \DWAT_20161226.dpr

Excit

2 @

Link Climate

Figure 3.1 Background icon

Load: It allows users to insert background images
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& Open *
1 « New > pangyo_gis > v Search pangyo_gis »
Organize * Mew folder = ~ [H 0
J 2D Objects 2 63
[l Desktop "p P:
=] Documents
.
{ Downloads
D Music 20171206 _re.tif EARRRRRRRRRREC Background_1.jp
= | Pictures J
Videos ;‘ ;
2, Local Disk (C:) " 4 =
= Local Disk (D:) v
File narme: |Backgrnund_1.jpg V| Image files(*.bmp,* jpg,*.png,* ~
Figure 3.2 Loading background image
When a background image has been loaded, a screen as shown below is created.
aee
® @
Figure 3.3 Imported background image
3.2 Climate

In order to calculate potential evapotranspiration using the Penman-Monteith method, DWAT
requires the meteorological time series such as the maximum/minimum temperatures, wind
velocities, sunshine hours, humidity, etc., but only maximum/minimum temperatures is
required for the Hargreaves method. The model was designed to enable to copy and paste
time series data from Microsoft Excel sheet. In addition, the user can not only choose weather
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stations but also can allocate weighted values from the Thissen networks at each node.

The location of each weather station, the height from the ground of each observing device and
the latitudes should also be collected. They are necessary to calculate potential
evapotranspiration by the Penman-Monteith method.

3.2.1 Climate Data Create

’_a'f 20171130_F.dpr - DWAT
File | View GI5 Preprocessor Model Help

_1 Mew project Ctrl=M
hj Open project Ctrl=0
[ save Ctrl+5S
Save As
Background

Create series

1 Devnew’..\20171130_F.dpr
2 bor_detail_111%.dpr

3 Boryeong_manual.dpr

Exit

Figure 3.4 Tools for creating time series

Create series: It allows users to create the DWAT input data file (*.dat) format from Excel
(*.xlIs), text (*.txt), and DBF (*.dbf) formats of meteorological data. Firstly, the user must

check the time step of his/her own data with format of *.xls, and then enter the data period.

Create series @
Time step Period |20154JHJIUU:UU j - ‘2015—12723 00:00 j
" Hour * Day
" Month " Year Fed [Ranfal =]  Add
@ am (min) [ - |
Evaporation
{~ Observed data Humidity
Solar
Rairfall i eta = -
2016/01/01 00.00 T:ﬂg:[:m[:&,ﬁ) ||
2015/01/02 00:00 Temperature(Max)
2015/01/03 00:00 User defined

2015/01/04 00:00 Cbserved data =2
2015401405 00:00
2015/01/06 00:00
2015/01/07 00:00
2015/01/08 00.00
2015/01/03 00:00
2015/01/10 00.00
2015/01411 00:00
2015/01/12 00:00
2015/01/13 00:00
2015/01414 00:00
2015/01/15 00.00
2015/01416 00:00
AN ANAR

| o[

File header |

Series file |
Save Close
\

Figure 3.5 Selecting the time series data to be created

Time step: time step for climate data (minute, hour, day, month, year)
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Period: time to start and finish

Field: ]specify the type of field for input (to calculate the potential evapotranspiration,
temperature, wind speed, humidity and sunshine hours selected. After select the field name
and click the Add), only maximum/minimum temperatures is required for the Hargreaves
method. The user can prepare his/her own data with format of *.xIs or *.txt and Copy & Paste

can be carried on.

When creating the climate data, you do not need to select ‘Date’ field because it will be
automatically created when you add another field after entering the data period.

BH S = Bookl - Excel 7T @ - O %

HOME  INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW Sign in)
¥ |x=2ag = B |General  -| FZConditional Formatting = E°lnsert ~ 2 - 4v-
Pacie By- B I U- A E- % -% » [FrormatasTable~ BxDelete - [~ # -
Lo Ee Dy A R - % 9% [ Cell Styles - i Format~ & -

Clipboard & Font m Alignment m Number styles Cells Editing ~

Bl - S | reinfall v
A B = D E F G H J K -

1 [Date Rainfall |TemperatdWind Humidity Solar

2 2/1/2001 0:00| 0 -4.25 428 5038 0.34/

3 2/1/2002 0:00 0 -9.04 3.5 36.96 033

4 2/1/2003 0:00 0 -6.87 142 53.46 0.2

5 2/1/2004 0:00| 0 1.26 298 66.08 017

6 2/1/2005 0:00] 0 -1.02 2.86. 41.71 0.34/

7 2/1/2006 0:00 0 -1.61 143 50.75 0.34

8 2/1/2007 0:00| 0.11 -2.31 5.03 57.04 0.1

9 2/1/2008 0:00| 0 -645 476 48.92 013

10| 2/1/2009 0:00 0 5.7 121 56.46 0.34

11 2/1/2010 0:00| 0 1.79| 1.68. 65.38 0.02

12 2/1/2011 0:00] 0 22 1.75 69.42 0.32

45 A4 AA4D AAA n LYo nee coco LT -

Sheet1 O] . >

AVERAGE: 15.8841853  COUNT: 10960  SUM: 174011.25 H M -————+ 00%

Figure 3.6 Time series data in Microsoft excel

Create series &J

Time step Period |znnz-n 1-0100:00 j - |1nn7-1z-3 100:00 j
" Hour {* Day
£ Month " Year Field  [solar - Add
" User define (min)
" Observed data Clear | Remove | |

Rainfall | Temperatur Yfind Hurnidity Solar |

2002/01/01 00:00 0.0000 -4.2500 4.2800 50.3800 0.3400 o
2002/01/02 00:00 0.0000 -9.0400 25000 36.9600 0.3300
2002/01/03 00:00 0.0000 -6.5700 1.4200 53.4600 0.2000
200201404 00:00 0.0000 1.2600 2.3800 66.0800 0.1700
2002/01/05 00:00 0.0000 -1.0200 2.8600 41.7100 0.3400
2002/01/06 00:00 0.0000 -1.6100 1.4300 50.7500 0.3400
2002/01/07 0000 01100 -2.3100 £.0200 57.0400 0.1000
2002/01/08 00:00 0.0000 -£.4500 4.7600 48.9200 0.1300
2002/01/03 00:00 0.0000 51700 1.2100 56.4600 0.3400
2002/01/10 00:00 0.0000 1.7900 1.6800 £5.3800 0.0200
2002/01/11 00:00 0.0000 2.2000 1.7500 £9.4200 0.3200)
2002/01/12 00:00 0.0000 2.9600 0.6500 £8.5800 0.2600
2002/01/13 00:00 0.0000 6.5200 27300 65.1300 0.1000
2002/01/14 00:00 0.0300 10.8400 2.8300 68.9600 0.1500
2002/01/415 00:00 0.3700 11.8500 1.3800 91.2500 0.0000
2002/01/16 00:00 0.3000 7.4800 27200 1.7900 0.0000
NP AT A0 ninnn 1 8900 19200 Ad 5400 1 Annn hs

4 T v[]

File header ‘
Series file ‘
Save Close

Figure 3.7 Creating time series database
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Series file DWCAT-U_jang Wpenman_0202¥climate_0228.dat

L]

Click and enter the saving direct

ory and file name.

‘ File headst Climate_data.

Enter the file description.

Create series

b4

Time step
" Hour

" Month

" User define {min)

Period |2nnzmmnn:nn j“ ‘2007—12—3100:00 j
+ Day

 Year Field |Solar - Add

File header |

Series file |C:WLIserstangWDEskmprangyngwsWChmahE_E.dat

Save | Close ‘

" Gbserved data e | HEnnE ‘ |
Rainfall | Temperatur wind Hurmidity Solar =
2002/01/01 00:00 0.0000 -4.2500 4.2800 50.3800 0.3400
2002/01/02 00:00 0,000 9 0400 BAN E 3600 0.3300 =
2002/01/03 00:00 00000 DWAT 600 0.2000
2002/01/04 00:00 0.000 1800 01700
2002/01/05 00:00 0,000 100 0.3400
2002/071/06 00:00 0,000 E00 0.3400
2002/01/07 00:00 0110 I, completz 00 01000
2002/01/08 00:00 0.000 3200 0.1300
2002/01/09 00:00 0,000 E00 0.3400
2002/01/10 00:00 0.000 3600 0.0200
2002/01./11 00:00 0.000 1200 0.3200
2002/01/12 00:00 0,000 5800 0.2600
2002/01/13 00:00 0,000 y - T 11300 0.1000
200270114 00:.00 0.0300 10.8400 2.8300 £8.9600 0.1500
2002/01./15 00:00 03700 11.8500 1.3800 91.2900 0.0000
2002/01/16 00:00 03000 7.4800 27300 §1.7300 0.0000
20N7/m A7 Ann ninmn 1 pann 1minl AdRann nnn hd
4 T [

Figure 3.8 Completed time series database

Save: The file will be saved as DWAT time series input data by pressing the ‘Save’ button.

When the saving has been comp

3.2.2 Climate Data Checking

leted, Press the ‘OK’ Button.

To check whether data have been properly saved or not, the following process should be

performed:

& 20171130_F.dpr - DWAT

File | Wiew | GIS Preprocessor Model Help
RFE Toolbar ';; i@ _
Nodes Status bar
Series view
Hidden link
Sele
Layers
,.E Zoom All
Catchment

Figure 3.9 Time series database checking tool

DWAT-User’s Manual v1.1

34



Series view: It allows users to display all data files created in the DWAT screen. View Series
gives the following window. E]Pressing the button to display the meteorological data

previously saved, and then pressing this button to load the time series data in the

spreadsheet of the window as shown in the following figure.

17 Series [
File |C:WUsarsWJangWDEskbupw‘pangyujlswchmatej.dat Load
Interval |1day ﬂ Start time | 2002/01/01 00:00 Count 2191
Table |Table 1 - Decimal -
|

Date Rainfall | Temperatur “Wwind Hurnidity Solar el |
1 |02/0/01 00 0.00 -4.25 4.28 50.38 0.34
2 |02/0/0200 0.00 404 250 3696 0.33 B
3 |02/m/300 000 BEF 142 5346 n.20
4 |02/0/0400 0.00 126 293 BE.08 07
5 |02/01/0500 0.00 -1.02 2.86 1.7 0.34
6 |02/01/06 00 0.00 161 143 50.75 0.34
7 |02/m/07 00 an 231 6.03 57.04 0.0
& |02/0/0800 0.00 645 476 43.92 013
g |ozosof o)l si7 12 56,45 0.34
10 |02/0A000 0.00 179 168 65.38 0.0z
11 |02/01/11 00 000 220 178 E5.42 0.3z
12 |02/0111200 000 296 065 E8.58 0.26
13 |02/MA1300 0.00 652 273 E513 010
14 |02/0/A1400 0.03 1084 283 68.96 015
15 |02/01A500 037 1188 1.38 91.29 0.00
16 |02/01/16 00 030 748 273 2173 0.00
17 |02/MA700 010 183 192 94.54 0.00
18 |02/MA1800 0.00 059 164 80.67 0.04
13 |02/01A800 0.00 345 2.08 A 017
20 |02/01/20 00 024 085 0.34 gr.29 0.00 =
4 | [
Export Save

Figure 3.10 Saved time series database

The following figure appears on the upper part of the ‘Series View’ window. It shows the
information about the data file: the time interval (one day), the number of data rows (2,191)
and the data start time (2002/01/01 00:00).

File |C:WLIsersWjangWDeskb:prang\,rogisWClimatej.dat Load
Interval |1day C Start time |2002/01/01 00:00 Count |2191
Table |Tah|e 1 j Decimal -

Figure 3.11 Time series database information

: This is a function to modify the time interval for input data. Once it has been selected, the
current time interval appears. The process is: change the time interval in the ‘NEW’ tab;
select whether to show the sum, average, maximum or minimum in the ‘Method’ tab; and

then press ‘OK’. The changed time interval will be displayed.

s .
Change interval [iE-J

Currnet | 1440 oK |
=z 1340 Cancel

Method Sum -

Figure 3.12 Tab to change the time series data
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. If the meteorological data imported by the DWAT have been checked, these
data may be exported in text file format (*.txt). These text format data may be opened and

checked in general text editors.

v

& Save As X
4 <« new » pangyo_gis » v O Search pangyo_gis r
Organize +  New folder = @
. ~
|| Documents "~ Mame Date Type ~
* Downloads Calibration File folder
b Music CAT_TEST File folder
& Pictures graph File folder
B Videos info File folder
‘i, Local Disk (C:) p_dm30 File folder
= 111 Text Document

- Local Disk (D)
v € >

| mmal Pl B0

File name: \1130}] -

Save as type: | Text Files(*.tdt) ~

~ Hide Folders Cancel
Figure 3.13 Export data

‘In addition, meteorological data imported into the ‘Series View’ may be revised
and the revised data may be saved under another name.

3.2.3 Climate Node Entry

@ After completing the processes of setting the catchment system and creating
meteorological data, the user will reach the stage to enter meteorological nodes. As mentioned
earlier, the DWAT is a node-link model and the user can select icons (e.g. link, source, and
junction) with a mouse to easily configure catchment information. A climate node will be

created by clicking the left mouse button on the appropriate position in the ‘Main Interface’

after selecting the climate icon gln the menu. The same process is required to configure

multiple climate stations.

Figure 3.14 Climate node entry
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After left-clicking on a meteorological node, the following window will appear on ‘Property

View’
o S S ==
Dl 4 86
™
3
Select Catchment Paddy
=
P @ @
A L’
unk; Climate

# UM SCF

Property: This is a menu to import meteorological data and enter climate station information.

Climate station names may be modified in the ‘Name’ column and a brief description is to be

entered into the ‘Descript’ column. After that, press a (- putton under *Climate’ to import
meteorological data.

Figure 3.17 Property view to import meteorological data

Figure 3.16 Climate data entry property view

1 Properties

- 0 X

[PrupErty

= Cimate node
Name

Descript

Climate

Climate 1

ChUsers\jang\Desktopp...

= Calculate Potential Evapotranspiration
Method
Latitude
Elevation
Height

Penman-Menteith

& Open
T+ « new > pangyo_gis > v
Organize = New folder
4 3D Objects R Name
I Desktop p_dm30
[Z| Documents [ Climate_3.dat
& Downloads [ Climate_5.dat
b Music g climate_0502.dat
=) Pictures H climate_day.dat
climate_day2.dat
Vid =
B videos [7] obsdata_day.dat
i Local Disk (C) [ obsdata_hour.dat
= Local Disk (D) - .
v <
File name: | Climate_5.dat ~

x

Search pangyo_gis r

=+ m @
Type

File folder

DAT File

DAT File

DAT File

DAT File

DAT File

DAT File

DAT File

Data files(*.dat) v

Cancel

a

Figure 3.18 Loading meteorological data
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Method: By selecting ‘Penman-Monteith’ or ‘Hargreaves’, parameters to calculate potential
evapotranspiration can be brought from meteorological data. If ‘None’ is selected, the

program will use the potential evapotranspiration entered by users.

Latitude, Elevation, and Height: This a dialog box to enter the location of the climate
station (latitude, elevation and height). This function is used when the ‘Penman-Monteith’

option has been selected.

Table: This is a menu to identify meteorological data and calculated evapotranspiration in a
table. This function may be used once the model has been executed. That is, this menu is used

to view results after running the model.

a
o Table
Clim:
Chart
Multi chart
Water balance
Remove
5| Series @
Fiie | Load
Interval  iday c Start ime  2002/01/01 00:00 Count 2191
Table Dedmal |p.00 - | | Save | | Expart
Date Rainfall | Temperatur Wind Hurnidity Solar Calculated =
1 |02/01/01 00 0.0 425 428 50.38 0.34 27
2 |02/01/02 00 0.00 -9.04 350 36.96 0.33 am
3 |02/01/03 00 0.00 -6.87 142 53.46 0.20 1.52
4 |02/01/04 00 0.0 126 298 EBE.08 017 13
5 |02/01/0500 0.00 -1.02 286 a.71 0.34 277
E | 02/01/06 00 0.00 161 143 50.75 0.34 173
7 |02/01/07 00 [IR}] 231 6.03 57.04 0.10 2565
& |02/01/0800 0.00 -6.45 476 48,92 013 283
9 | 02/01/09 00 0.00 A7 121 56.46 0.34 138
10 |02/01/1000 0.0 174 1E8 B5.38 0.02 1.43
11 |02/0141100 0.00 220 175 69.42 0.32 1.42
12 |02/011200 0.00 296 065 6358 0.26 1m
13 |02/01A1300 0.0 B.H2 273 B5.13 0.10 1.94
14 |02/01414 00 0.03 1084 283 68.96 015 191
15 |02/01A500 0.37 11.85 138 91.23 0.00 [ik::]
16 |02/0111E00 0.z0 74e 273 a1.79 0.00 1.25
17 |02/01A17 00 010 1.89 1592 84.54 0.00 0.94
18 |02/01A1800 0.00 053 164 8067 0.04 1.00
19 |02/011900 0.0 345 208 7263 0y 1.44
20 |02/01/2000 0.24 085 094 87.29 0.00 073
21 |02/01/21 00 010 -1.38 037 7883 0.08 0a7
22 |02/01/2200 0.0 -4.35 428 56,88 0.03 245 -
« 3

Figure 3.15 Time series result of calculated evapotranspiration

Chart: This is a menu to view graphs from the model runs. This function is provided in not
only a meteorological node but also all links, nodes, and junctions. No matter which of them
is selected, an identical window will appear (i.e. no matter which source node, link or junction
is selected, graphs at all points can be identified). A detailed description for the Chart view is
given in Section 5.2. Following graph shows the result of potential evapotranspiration (PET)
and actual evapotranspiration (AET) at the source node.
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Figure 3.16 Graphical result of calculated evapotranspiration

3.3 Ground Surface

Once entries of the meteorological nodes have been completed, information on the
source nodes, links and junctions configured about sub-catchments is to be entered
one by one. Input data for ground surface conditions include ground surface slopes,
impervious area ratios and depression storage as shown in Table 3.2. In general,
depression storage in impervious zones is understood as 2mm. Examples of
impervious area ratios by land use are shown in Table 3.4.

Table 3.4 Classification of land cover

Classification Class 1 Class 2 Ratio Impervious area * (%)
1 Urban Residential 65
2 Industrial 72
3 Commercial 85
4 Recreation 50
5 Road 100
6 Public 60
7 Agriculture Paddy -

8 Upland -

9 Green House -
10 Orchid -
11 Etc. -
12 Forest Deciduous -
13 Coniferous -
14 Mixed -
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15 Grass Natural -

16 Golf Course -
17 Etc. -
18 Wetland Inland -
19 Coastal -
20 Bare soil Mines -
21 Etc -
22 Water Inland -
23 Sea -

* Ratio of impervious area (Guideline for river planning, KWRA, 2009)

In this chapter, entry processes for the basic ground surface condition of the catchment node

will be explained in detail.
3.3.1 Catchment Node Entry
@ Catchment node will be located by placing each of the catchment node icons at an

appropriate position on the main Interface and left-clicking the mouse after selecting each

node icon.

=

Figure 3.17 Catchment node entry

3.3.2 Parameter Entry

In the following Figure, the ‘Property View’ will show the information on the catchment node.

The *Property View’ is used to enter or revise all catchment node data (ground surface, soil,
groundwater aquifer, etc). Basic ground surface conditions are to be entered under the node.
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Property
|Pr0perty IS
AN
=l Catchment node 5]
MName Catchment 1
Descript
Area 27117
Impervicus 13
Pervious 87
Plant ratic 21
Slope 0.05
depC_per 5
depC_imp 2

Figure 3.18 Parameters for catchment node

Name: This indicates source node (sub-catchment) names.

Descript: Information about the source node (sub-catchment) can be entered.

Area: source node (sub-catchment) area (k).

Slope: basin's average slope.

Impervious: impervious area ratio.

Pervious: pervious area ratio.

Plant_ratio: vegetation area ratio in pervious zone (This parameter is an evapotranspiration-
related variable that is divided into four types, including forest, grassland, urban forest and
crop, and the range of the variable and these values are shown in the following figure (Jia, Y.,
2002).

8 + Forest
08 Grass
Urban Forest

—=— Crop

Ratio of Plant (-)

Month

Figure 3.19 Plant ratio of different land use (Jia, Y., 2002)
DepC_imp: depression capacity in the impervious zone (generally 2mm)

DepC_per: depression capacity in pervious zone (mm)

It is possible to take advantage of the properties defined for one sub-catchment for using them
for another sub-catchment to be further edited as necessary. Right-clicking on the sub-
catchment node and clicking the ‘Copy to” menu.
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Table

Chart

Multi chart
Water balance

Remawve

Copy to

Figure 3.29 Select menu to copy catchment characteristics

The following window will appear.

copyto =

Catchment 1 Salect Al
Catchment 7
Ctchmen: 1
Catchment 11 =57
Catchment 5
Catchment 4 Switch Select
Catchment 10
Catchment 8
Catchment 6
Catchment 12

[

Figure 3.30 Dialogue window to copy catchment characteristics

The possibility of copying and pasting the properties of one sub-catchment into a second one

would be highly useful.

3.4 Soil

In this model, the concept of surface soil indicates the depth (range) where pores exist to
temporarily store intermediate runoff. In DWAT, infiltration and evapotranspiration into/from
soil are analyzed based on the physical characteristics of the soil, and thus surface soil
parameters should be established. The physical characteristics of soil (including soil depth,
saturated hydraulic conductivity, horizontal hydraulic conductivity, saturated moisture
contents, residual moisture contents and Mualem's n) are used. The information on the surface
soil depths and parameters is used after being classified by soil texture based on the 1:25,000
precise soil map in the Republic of Korea. The following table is utilized based on the study
(A study on the development of basin diagnosis methods for establishing healthy water cycle
systems, 2005).
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Table 3.5 Surface soil input parameters by soil texture

Saturated Residual SMC SMC Saturated Horizontal
Soil Moisture  Moisture Field Wiltin Hydraulic Hydraulic Mualem's
Content  Content p tng Conductivity  Conductivity
Texture : : Capacity Point ; n
Ratio Ratio FC per W per Ks_per Ksi_per
S_per r_per P -P (mm/s) (mml/s)

Sand 0.437 0.020 0.091 0.033 6.5E-02 6.5E-01 3.37
LSO:[?&V 0.437 0.035 0.125 0.055 1.7E-02 1.7E-01 3.64
SL?)';%/ 0.453 0.041 0.207 0.095 6.1E-03 6.1E-02 3.91
Loam 0.463 0.027 0.27 0.117 3.7E-03 3.7E-02 4.17

Silty Loam 0.501 0.015 0.3 0.133 1.9E-03 1.9E-02 4.20

Sandy

Clay Loam 0.398 0.068 0.33 0.148 8.3E-04 8.3E-03 4.23
Clay Loam 0.464 0.075 0.255 0.197 5.6E-04 5.6E-03 4.26
S"I%acrr']ay 0.471 0.040 0.318 0.208 5.6E-04 5.6E-03 4.29
Sca{‘a‘;y 0.430 0.109 0.366 0.239 3.3E-04 3.3E-03 432
Silty Clay 0.479 0.056 0.339 0.250 2.8E-04 2.8E-03 4.35
Clay 0.475 0.090 0.384 0.272 1.7E-04 1.7E-03 4.38

* Rawls & Brakensiek Soil parameter estimates (1985).

3.4.1 Parameter Entry

The “Property” window is opened by left-clicking on each source node.

Bl Soil
theta_per 0.25
soil thick 47,6402
Saturate 0.455007
Residual 0.0664587
Field capacity 0.285145
Wilting point 0189706
ks 0.00181713
ksi 0.0181713

[Musiem B

Inf method Rainfall Excess
PsI 13.9638
k 414
Fc 9.5
Fn £0.7998

Figure 3.31 Parameters for soil characteristics

theta_per: This is the current moisture content of the soil. 0.25 is a default value and this

value may change at each time step. It is a computed value between saturated moisture

content ratio and residual moisture content ratio.

boil_thick: This is the soil thickness generally in a range of 1 - 5 (m).\

Saturate: This is the saturated soil moisture content ratio in a range of 0.4 - 0.6 (refer to

Table 3.5).

Residual: This is the residual soil moisture content ratio in a range of 0.01 - 0.2 (refer to

Table 3.5).
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Field capacity: This is the soil moisture content at field capacity in a range of 0.1 - 0.5 (refer
to Table 3.5).

Wilting point: This is the soil moisture content at a wilting point in a range of 0.03 - 0.3
(refer to Table 3.5).

ks: This is the saturated hydraulic conductivity in a range of 0.1x10-4 — 0.7x10-1 (mm/s, refer

to Table 3.5).

ksi: This is the horizontal hydraulic conductivity in a range of 0.1x10-3 - 0.7 (mm/s, refer to
Table 3.5).

Mualem: When calculating vertical and horizontal infiltration, this model uses the Mualem
equation, which utilizes unsaturated hydraulic conductivity. This shows the n index value of
the Mualem equation, which is the input parameter. This value is in a range of 3 - 5 (refer to
Table 3.5).

Inf_method: Selection for infiltration method, Rainfall Excess, Green & Ampt, Horton

method are provided.

El Soil
theta_per 0.25
soil thick 476402
Saturate 0.455007
Residual 0.0654587
Field capacity 0.285145
Wilting point 0189706
ks 0.00181713
ksi 0.0181713
Mualemn 7
Rainfall Excess |
Pl
: oton
Fc .
Fo 80,7998

Figure 3.32 Infiltration method selection

PSI: Capillary suction head for Green and Ampt method. Table 3.6 shows the typical values
of PSI (mm)

Table 3.6 PSI values for each soil texture

Soil texture PSI (mm)
Sand 495
Loamy Sand 61.3
Sandy Loam 110.1
Loam 88.9
Silt 130.7
Silty Loam 166.8
Sandy Clay Loam 218.5
Clay Loam 208.8
Silty Clay Loam 273.0
Sandy Clay 239.0
Silty Clay 292.2
Clay 316.3

* Rawls & Brakensiek Soil parameter estimates (1985)
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k : Decay constant for soil used by Horton method (generally 4.14 hour™)

Fc : Minimum infiltration capacity for Horton method (mm/hr). See Table 3.7
Fo : Maximum infiltration capacity by Horton method (mm/hr). It is affected by the type of soil,

initial soil moisture, and the surface condition. See Table 3.8

Table 3.7 Typical minimum infiltration capacity (Fc)

Soil Drainage Classes Minimum Infiltration (Fc)

(mm/hr)
A (Excessively drained) 11.43 - 7.62
B (Well drained) 7.62-3.81

C (Poorly drained) 3.81-1.27

D (Very Poorly drained) 1.27-0.0

* XP-SWMM User's Manual (2007)

Table 3.8 Typical maximum infiltration capacity (F,)

Soil Type Maximum Infiltration (F,)

(mm/hr)
A. Dry soils (with little or no vegetation)
Sandy Soil 127.0
Loam Soil 76.2
Clay Soil 254
B. DRY soils (with dense vegetation)
Sandy Soil 254.0
Loam Soil 152.4
Clay Soil 50.8
C. MOIST soils
Soils which have drained but Sandy Soil 84.7

not dried out

Choose value close to minimum

Soils close to saturation Loam Soil L .
infiltration rate

Soils which have partially dried

out Clay Soil 33.9

* XP-SWMM User's Manual (2007)
3.5 River

Since the parameters related to channels in the DWAT are closely related to groundwater
aquifers, the model was designed to enter the parameters in the ‘Property View’ window
shown in the figure below. Channel specifications can be entered using the existing report or
field survey. In this section, channel specification related variables will be explained and
groundwater aquifer input parameters will be addressed in the next section.
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= Aquifer
gwE 35
rivE 4
Bed thick 1
ku_riv 0.004
Area 003
agf_S 01
Top 36
Bottom 26
Pumping 0
Leackage 015

Figure 3.33 Parameters for riverbed

rivE: Riverbed elevation (EL.m)

Bed thick: Riverbed material thickness (m, 1.0 is a default value and this value is in a range
of 0.1 - 1.0 depending on river elevation)

ku_riv: Saturated hydraulic conductivity of riverbed material (mm/s, the range of 1.0x10™-
1.0x107 is generally used)

Area: Riverbed area (k).

3.6 Groundwater Aquifer

In the DWAT, groundwater and river runoff are simulated using the relationship between
groundwater and river levels. That is, if the groundwater level is higher than the river level,
water will flow into the river depending on soil hydraulic conductivity. Conversely, if the
river level is higher than the groundwater level, water will percolate into the aquifer. The
model was designed to consider groundwater pumping and leakage from water supply
networks. The leakage is simulated to flow into soil layer. In addition, moisture content
movements between aquifers are considered. That is, level changes in groundwater by
moisture content movements between aquifers in each sub-catchment can be analyzed. As
shown in the following figure, parameters related to aquifer specification may be entered
under the ‘Aquifer’ tab while comparing with channel specifications in order to determine the
mutual relationship between groundwater and river levels. Each parameter will be reviewed in

detail in the following section.

3.6.1 Aquifer Specification Entry

=) Aquifer
gwE 35 |
rivE 34
Bed thick 1
ku_riv 0.004
Area 0.03
aqgf S 01
Top 36
Bottom 26
Pumping 0
Leackage 015

DWAT-User’s Manual v1.1 46



Figure 3.34 Parameters for aquifer

gwE: This indicates the initial groundwater level. This value will vary through the year if
there is no initial groundwater level in each modeling period. Thus it is necessary to start the
calculation from approximately one year before the analysis period in order to minimize the
effect of uncertainty from the initial groundwater values during simulation (EL.m).

aqf_S: This indicates storage coefficient of the aquifer. If there are records, a value in a range
of 1.0x10 — 1.0x10" is recommended.

Top: The elevation of aquifer shall be determined by deducting the surface soil thickness
from the ground surface elevation (EL.m).

Bottom: The bottom elevation of aquifer shall be determined by referring to existing
examinations. When there are no field surveyed data, this value is generally assumed to be
20m ~ 30m below the top elevation of the aquifer. For existing records, groundwater survey
reports for sub-catchment or field data can be used (EL.m).

Pumping: This indicates the groundwater pumping rate (m'/day).

Leakage: This indicates the leakage rate from water supply networks. 15% is generally
recommended and 0.15 is a default value.

3.7 Actual Evapotranspiration

Method: It allows users to select actual evapotranspiration calculation methods

= Climate
= Evapotranspiration
m Monthly Coefficient |
Jan
Feb Leaf Area Index
Mar E&OSG
Apr 0.7
May 0.7
Jun 0.7
Jul 0.7
Aug 0.7
Sep 0.7
Oct 0.7
Mov 0.7
Dec 0.7

Figure 3.35 Actual evapotranspiration calculation methods

Monthly Coefficient: A method to calculate actual evapotranspiration by multiplying the
potential evapotranspiration with monthly coefficients.

Leaf Area Index: A method to calculate actual evapotranspiration considering monthly leaf
area indexes (LAI, Leaf Area Index) and soil moisture contents (the same method used in the
SWAT, Soil and Water Assessment Tool)

FAO 56: The potential evapotranspiration is calculated by the Penman-Monteith method in
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FAOS56 using climate data (Max. & Min. air temperature, sunshine hour, humidity and wind

speed).
= Climate
=l Evaporate
Method Monthly Coefficient =
Jan 0.7
Feb 0.7
Mar 0.7
Apr 07
May 0.7
Jun 0.7
Jul 0.7
Aug 0.7
Sep 07
Oct 0.7
MNow 0.7
Dec 07

Figure 3.36 Monthly coefficient allocation

The above figure shows how to enter monthly coefficients. Monthly evapotranspiration
correction coefficients and monthly leaf area indexes (LAI) are entered in the monthly
method and the AETSWAT, respectively. The types of vegetation used in the model are
divided into four groups: forest, grassland, urban forest and crop (Jia, Y., 2002). The leaf area
indexes are values from a previous study (A study on the development of basin diagnosis
methods for establishing healthy water cycle systems, 2005). The following figure shows the

leaf area indexes (LAI) applied to the model.

+ Forest

Grass
Urban Forest

+

—=— Crop

LAI ()

Month
Figure 3.37 Leaf area indexes of different land use (Jia, Y., 2002)

When meteorological data is used in the DWAT, the user not only can choose climate stations
having meteorological data but also may allocate weighted values from the thiessen network
at each node. DWAT can use the rainfall gauges in the network. The thiessen weight
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coefficient can be specified for each source node. In addition, it can specify different stations
climate and rainfall data. The maximum gauging stations to apply climate and rainfall are five.

@ N 28 -owaT a

®
fﬁf’ i 5
L 7)

Rocycle ) @
Climate 1 Climate 2
2 @ 8%
27%
-
&

tmnmml

Figure 3.38 Thiessen weight coefficient allocation

3.8 Snow melt Parameter Entry

B Calculate Smowmelt

Calculate False

Melting 0.5
reveane

CWI 01 i
Threshold Temp., 0 r
Interval Temp. 0

Snowmelt Temp., 0

Figure 3.39 Parameters for snow melt

Snowmelt: In the DWAT model, precipitation is divided by temperature into snowfall and
rainfall. The following six parameters are required for snow melting simulation.

Melting: Melting factor for degree day (mm/°C/day)

Refreezing: Refreezing factor

CWH: Critical relative Water content of the snowpack

Threshold Temp.: Threshold temperature for rain/snow (°C)

Interval Temp.: Temperature interval for rain/snow mixing (°C)

Snowmelt Temp.: Threshold temperature for snowmelt (°C)
3.9 Groundwater Movement Parameter Entry

Parameters related to groundwater movement between adjacent sub-catchments are entered
through a separated ‘Property View’. It is shown in the figure below.
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=l GW Move
Connect
=l Use Auifer slop
Use slope
Auifer slope
Node length
Conj. length

Kgw

Not use

False
0.05
1000
3000
5e-007

-

Figure 3.40 Parameters for groundwater movement

Connect: This is a window for selecting adjacent sub-catchment nodes to consider

groundwater movement.

=l GW Move

Cennect

=l Use Auifer slop
Use slope
Auifer slope

Mode length

Conj. length

Kgw

Connect

Mot use

Catchment1
Catchment 2
Catchment 9
Catchment 7
Catchment 3
Catchment 11
Catchment 5
Catchment 4
Catchment 10

Catchment &
Catchment 6

Figure 3.41 Groundwater movement to adjacent sub-catchment

Use_slope: This indicates groundwater hydraulic gradient. It can be estimated if the
groundwater level of the catchment is known. However, if there is no information, it is

generally recommended to use values smaller than ground surface slope.

Node_length: This indicates an average distance between adjacent sub-catchments (m).
Conj._length: This indicates a conjuncted length between adjacent sub-catchments (m).
Kgw: This indicates hydraulic conductivity of aquifer(mn/s). A value in a range of 1.0x10° -

1.0x10™ is recommended.
3.10 Paddy Node Entry

The DWAT has a paddy module reflecting the runoff characteristics of paddies by
considering the ponding depth (which changes daily in paddies) and drainage outlet heights.
The module was designed to be applicable to cases where drainage outlet is used for drainage

in most paddies.

In general, paddy fields in the Republic of Korea are characterized by the fact that runoff is
drained through drainage outlet. Drainage outlet serves the role of adjusting ponding depths in
paddy fields and they are periodically adjusted by farmers. According to Lim (2002), drainage
outlet is low in July because of heavy rains and they are high in other times in order to hold
large amounts of water in paddy fields (See table 3.9). The following figure shows the change

in monthly ponding depth in Korean paddy fields (Lim, 2002).
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Figure 3.42 Monthly ponding depth in Korean paddy field

Table 3.9 Sample of the parameter in paddy field (Jia et al., 2005)

Coefficient Of Surface Drainage Outlet,
Parameter surf_dr_cf
(mm®*/h)

Value 0.01-5.0

3.10.1 Parameter Entry

QThe Paddy nodes are entered by selecting the ‘Paddy’ icon and placing it in an

appropriate position in the ‘Main Interface’ by clicking the left button on a mouse.

e —— — I——rr

Figure 3.43 Paddy nodes Parameter Entry
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If the paddy node is left-clicked, the ‘Property View’ will show the information on the paddy

node. The ‘Property View’ is used to enter or revise all paddy node data.

=l Paddy

= surf_dr_ht{m)
Jan 0
Feb 0
Mar 0
Apr 001
May 003 ]
Jun 0.06
Jul 0.05
Aug 008
Sep 002
Oct 0
Mov 0
Dec 0

surf_dr_cf 4000000 3

=] Start date of irrigation
Menth May
Day 1

= End date of irrigation
Meonth Oct
Day 30

Figure 3.44 Parameters for paddy

surf_dr_ht: This indicates monthly ponding depth in the paddy (m, refer to existing study
reports)

surf_dr_cf: This indicates the coefficient of surface drainage outlet in a range of 0.01 - 5.0
(refer to Table 3.9).

irr_start: This indicates the date of the start for irrigation. 1% April is a default value.

irr_end: This indicates the date of the end for irrigation. 30" September is a default value.
3.11 Reservoir

In the case of reservoirs, evaporation from the water surface is considered. The reservoir
storage, water level, and discharge are calculated using the initial storage, effective storage,
intake (here, water is taken only when the storage is at least 20% of the effective storage
volume), the specifications of spillways and a discharge outlet in the reservoir.

Storage and water levels for both of the types are renewed by inflows based on the
relationships of stage-storage-area.

T

Ci.i'l'v'The reservoir nodes are entered by selecting the ‘Reservoir’ icon and placing at the

appropriate position in the ‘Main Interface’ by clicking the left button on a mouse.
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Figure 3.45 Reservoir Node Parameters Entry

If the reservoir node is left-clicked, the ‘Property View’ will show the information on the

reservoir node. The ‘Property View’ is used to enter or revise all reservoir node data.

Name: This indicates reservoir name.

Descript: Information about the reservoir can be entered.

Rainfall: Rainfall station for the rainfall on the surface of the reservoir. It uses the selected
adjacent rainfall station.

Climate: Climate station for evapotranspiration from the surface of the reservoir. It uses the

selected adjacent weather station.
vol_init: Initial storage (m’)
vol_eff: Effective storage (m’)

Kgw: This indicates reservoir's bottom saturated hydraulic conductivity (mm/s). This

parameter is used to calculate the amount of loss in the bottom of the reservoir. The value is
in a range of 1.0x107° - 1.0x10%,
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Figure 3.46 Reservoir parameters entry

Recharge to: The loss from the bed of reservoir can be calculated by hydraulic conductivity
(Kgw). If "Recharge to" is selected, the recharged water can be transferred to catchment node

to recharge groundwater.
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Figure 3.47 Recharge to adjacent sub-catchment

pipe_ht: Reservoir's outlet height (m)

pipe_area: Reservoir's outlet area (m)

pipe_coef: Reservoir's outlet runoff coefficient in a range of 0.5 - 1.0

spill_ht: Height of spillway (m)

spill_length: Length of spillway (m)

spill_coef: Overflow coefficient of the spillway in a range of 0.3 - 1.7

Type (Intake tab): This is to select the type of the intake type (Constant/Time series).

E Intake
Type Constant |
Supply to Constant
Intake Seres |
Intake limit 20
Series file
Table
Field

Figure 3.48 Intake type selection

Supply to: The intake from the reservoir can be transferred to the selected node. To use this
function the Recycle node must be located at the downstream of the reservoir node.
Intake: This is intake volume from the reservoir. Water is taken only when the storage is at

least 20% of the effective storage

WL-Vol-Area relation |
1 A [ 8 4 [ 5 e | 7 |
WLim) 2.50 300 350 4.00 450 500 5.5
VOLm3) 000 0.00 6000.00 2200000 47000.00 §2000.00 1250000018
AREA(m2) |0.00 0.00 22500.00 4250000 £0000.00 77500.00 100000.0C13
] »
Clear | OK | Cancel |

Figure 3.49 Water levels-storage volume-areas relationships
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As shown in the above Figure, the amount of storage volume and the storage water level
relative to the volume of inflows are based on the relationships among water levels-storage

volume-areas.
3.12 Wetland

The storage of wetlands was assumed to be the initial condition. It was also assumed that the
excess flow is to be sent to the downstream node when inflow is larger than the high flow
bypass during the flood. After calculating the volume of the remaining inflow, all of the
volumes will be overflowed when the volume is larger than the maximum storage. The
module was designed to calculate water level, area, evaporation from the water surface and

discharge through the outlet based on the final remaining storage volume.

™
<= The wetlands node is entered by selecting the icon shown in the following figure, placing

at the appropriate position in the ‘“Main Interface’ by clicking the left button on a mouse.
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Figure 3.50 Wetland Node Main Window

If the wetland node is left-clicked, a window to set the parameters related to wetlands will
appear.
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Figure 3.51 Parameters for wetland

Name: This indicates wetland name.

Descript: Information about the wetland can be entered and overviewed.

Rainfall: Rainfall station for the rainfall on the surface of wetland. It uses the selected
adjacent rainfall station.

Climate: Weather station for evapotranspiration from the surface of wetland. It uses the
selected adjacent weather station.

Init Volume: Initial storage (m’)

Maximum storage: Maximum storage (m’)

Flood_bypass: High flow bypass during flood (m'/s)

Kgw: This indicates pond's bottom saturated hydraulic conductivity (mm/s). This parameter is
used to calculate the amount of loss in the bottom of ponds. The value is in a range of 1.0x10
°-1.0x10°.

Recharge to: The loss from the bed of wetland can be calculated by hydraulic conductivity
(Kgw). If "Recharge to" is selected, the recharged water can be transferred to catchment node

to recharge groundwater.
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Figure 3.52 Wetland recharge to adjacent sub-catchment
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pipe_height: Height of outlet pipe (m)

pipe_area: Area of the outlet pipe (m’)

pipe_coefficient: Runoff coefficient of outlet pipe in a range of 0.5-1.0
WL-Vol-Area relation et

1 2 3 4 5 6 Z

Wl (m) 1 00 200 300

V0OL(m3) |100.00 3000.00 8000.00 10000.00
AREA(m2) |100.00  3000.00 '5000.00 8000.00

<« | »
Clear | OK I Cancel [

Figure 3.53 Water levels-storage volume-areas relationships

Evaporation from water surfaces and the discharge in the wetland are calculated through a
renewal of storage and water level of wetlands based on the stage-storage-area relationships.

It is similar to the calculation process of reservoirs.
3.13 Recycle

In order to review the processes for designing recycle, the inflow is calculated and the daily
used intake volume is then distributed to individual nodes. Water intake is restricted by
defining intake restriction for intake rate determined by streamflow discharge rate.

That is, if the value obtained by considering the inlet inflow amount and the intake restriction
ratios is larger than the intake amount, the recycling inflow amount will be the same as the
intake amount and the amount of runoff to the toe will become the value obtained by
deducting the intake amount from the inlet inflow amount. If the inlet inflow amount,
considering the intake restriction ratios, is lesser than the intake amount, the recycling inflow
amount will be the same as the inlet inflow amount considering the intake restriction ratios.
The amount of runoff to the toe is the value obtained by deducting the intake amount from the

inlet inflow amount.

—~
i‘JThe Recycle node will be entered by selecting the icon shown in the following figure,

placing the appropriate position in the “Main Interface’ by clicking the left button on a mouse.

DWAT-User’s Manual v1.1 58



@ 20161224 dor - DWAT

File Wiew GIS Preprocensor Model  Help

Dugd A G
Hodes %
& O

uuuuuuuu

D /lmmml
Climate 1

Frapesties

oz )

.o x

[Pecpermy

Recyde nade

Hame
Dasaript
Intake
intake
rec_cond

2 Output

& Node 1
Hode
amount
Mode 2
Hode
amount

B Noded
Hede
amount
Hode 4
Hode
amount

S Nodes
Hode
amount

Recyciel

10000

B NUM SR |

Figure 3.54 Recycle node in the main interface

If the Recycle node is left-clicked, a property window to set the parameters related to the

Recycle will appear.

Property

IProper‘ty
S ALEE

Lelx

= Recycle node =
MName Recyclel
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= Intake
ke P
rec_cond 5e+007
E Output
El MNodel
Mode Catchment 2
amount 20
El MNode 2
MNode Catchment 3
amount 20
El MNode 3
Maode Catchment 4
amount 20
El Node4
Maode Catchment &
amount 20 b
El Node5
Mode Catchment 5
amount 20 LI
intake
(m3/day)

Figure 3.55 Parameters for recycle

Name: This indicates Recycle node name.
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Descript: Information about the Recycle node can be entered.

Intake: Total intake volume (m’)

rec_cond: Restriction for intake rate according to mainstream flow rate.

The DWAT has a function to send the determined discharge to several catchment nodes

(maximum five nodes) using Recycle.
3.14 Import

Parameters related to the water use from outside of catchments are used to design the import
function. A constant amount on a daily basis is used, and time series data for water supply

data can be loaded.

-
S’The Import node may be entered by selecting the icon shown in the following figure,
placing at the appropriate position in the ‘Main Interface’ by clicking the left button on a

mouse.
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Figure 3.56 Import node in the main interface

If the import node is left-clicked, a property window to set the parameters related to the

Import will appear.
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Figure 3.57 Parameters for import

Name: This indicates a node name

Descript: Information about the Node can be entered.

Type: This is to select the type of data to be imported: ‘constant’ for a constant daily amount;
‘series data’ for time series data for water supply.

Import water: This indicates imported water supply amounts. It is activated when the
constant type is selected (m'/day).

Leakage: Leakage from pipe network can be considered (The leaked water added to soil
moisture in pervious area)

Series file: This is to load the time series data for water supply. This is activated when the
series data type is selected. A screen to choose the file appears and the data can be loaded by
pressing ‘Time Series Data Open’. The data file should be created using the ‘Create series’
menu as with the process to create meteorological data described (The “Type’ should be set as

‘User define’).

3.15 Channel Routing (Link)

In the DWAT, the channel routing is a process to convert inflow hydrologic curves into runoff
hydrologic curves in channel sections using the Muskingum, Muskingum-Cunge and
Kinematic wave methods. In this section, the selections of methods of inputting data and

routing methods in the Link are described in detail.

Convert Inflow hydrologic curves Into runoff hydrologlc curves

\

Figure 3.58 Channel routing link
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If the Link that connects nodes together is left-clicked, a window to set the parameters for the

Link will appear.

Properties

v o X

Property

E Link node
Mame
Descript
Reuting

= Muskngum
DT
X
Y

= Muskingum Cunge
Channel length
Channel slope
Top width
Bottom width
Manning N

=l Kinematic
Channel length
Channel slope
Top width
Bottem width
Manning N
Channel depth

Link 6

Mo reuting

1
0.25
15

1000
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15

10
0.03

1000
0,005
15
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Figure 3.59 Channel routing method selection

Name: This indicates a link name.

Descript: Information about the Link can be entered.

Routing Methods: This is to set channel routing methods. ‘No routing’ is a default value and
any channel routing methods can be chosen by the user.

Muskingum: When the Muskingum method is selected. The user may enter various

parameters to fit channel characteristics.

I Link node =]
Marme Link 19
Descript
[Rouing -
= Muskngum
oT 1
X 0.25
V'l 15

Figure 3.60 Muskingum method parameter entry

DT: Time interval (unit time)

X: Dimensionless constant in a range of 0.0 - 0.5 that indicates the relative importance of the
inflow and runoff contributed to the total storage

Y: Storage constant in the dimension of time (hour) that indicates the ratio of the storage to

the runoff in the routing section.

Muskingum Cunge: The Muskingum Cunge method's attribute window appears and the user

can enter the parameters of the channel characteristics.
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Figure 3.61 Muskingum Cunge method parameter entry

Channel length: Channel length (m)

Channel slope: Riverbed slope

Top width: Top width of the channel (m)
Bottom width: Bottom width of the channel (m)

Manning n: Manning’s roughness coefficient

Kinematic wave: The Kinematic wave method's attribute window appears and the user can
enter each parameter to fit channel characteristics. Computational demanding in running the
model is required in the Kinematic wave method due to the effect of iteration for channel

routing.
=] Kinematic
Channel length 1000
Channel slope 0.005
Top width 15
Bottom width 10 |
Manning N 0.03
Channel depth 5 -

Figure 3.62 Kinematic wave method parameter entry

Channel length: Channel section length (m)
Channel slope: Riverbed slope

Top width: Top width of the channel (m)
Bottom width: Bottom width of the channel (m)
Manning n: Manning’s roughness coefficient
Channel depth: Channel depth (m)

3.16 Junction and Outlet
3.16.1 Junction

The Junction in DWAT model has two functions. The first one is to simply combine the flow
from upstream. The second one combines sewer system, which is a unique feature of the

model.

")
< The Junction node may be entered by selecting the icon shown in the following figure,

placing at the appropriate position in the “‘Main Interface’ by clicking the left button on a
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Figure 3.63 Junction node in the main interface

If the Junction node is left-clicked, a property window to set the parameters related to the

junction will appear.

Property
|Prnp5rty
RN

= Junction node

[]x

Narne Juncs

[

Descript

I rmerts -
Maximum 01 J
-
Connect

Figure 3.64 Junction information

Name: Name of Junction

Descript: Information about the Junction can be entered.

Connect: Select node to water transfer (for example, treatment plant), it is used for combined
sewer networks. The flow less than specified rate can be moved to the selected node. Water
quality module will be added in next version.

Maximum Q: The maximum flow rate to other catchment using Connect (m'/s).

3.16.2 Outlet

The Outlet is a final exit of the system. Basically, the Outlet node is similar to Junction except
combined sewer function. The Outlet can be multiple. The Outlet node may be entered by
selecting the icon shown in the following figure, placing at the appropriate position in the
‘Main Interface’ by clicking the left button on a mouse.
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Figure 3.65 Outlet node in the main interface

If the outlet button is left-clicked, a property window to set the parameters related to the outlet
will appear.

Property
IProperty
ENAN=I
= Outlet node

Mame Cutlet
Descript

[«x

L Llv

Figure 3.66 Outlet information
Name: Name of Outlet node

Descript: Information about the outlet can be entered.
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CHAPTER 4: MODEL RUNNING

If all input data have been completed, now you are ready to run the model. In the chapter,

matters related to the model run will be explained.

4.1 Analysis Condition Setting

If the “Model’ menu is selected in the main menu, the ‘Model Setup’ menu for selecting

analysis conditions and running the model will appear as follows:

& 20161124.dpr - DWAT
: File View GIS Preprocessor irModeI J Help
s E B & Model setup
Nodes Run |
£9‘ {\ Chart
Scatter chart
Select Catchment A )
aterb
- | Series table
() )
L‘"’) | ‘| Save graph
Import Wetland Ref Caiibration
e ™
/ W
Recycle Junction Outlet

Figure 4.1 Model setup

If the “‘Model setup’ menu is selected, a window for setting analysis conditions before running

the model will appear as follows:

Simulation setup
Title
2002-01-01

Term

Interva 86400 =

[ER
(zec)

==

2007-12-31  [@+

[ QK

][ Cancel ]

Figure 4.2 Model simulation setup

Title: This indicates a simulation title.

Term " : A simulation period is needed to be selected. The total data period appears in the

window and a user can define the simulation period. After clicking, the following data entry

window will appear. It allows user to select a simulation period shorter than the input time

series length. model runs can be performed without using this menu.
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Interval: A user can revise a simulation time step for the model run. The default unit is a
second. fThe time step is imposed by the time series. It is possible to ask for a different time
step than the time series interval. In this case, the model interpolate the input series in order to

become consistent with this time interval.

4.2 Model Execution

Once the analysis conditions have been set as above, the model is run by pressing ‘OK” and

selecting “‘Run’ in the ‘Model” menu. Now, the model is ready to run. When ‘Run’ is pressed,

the model will be executed.

Figure 4.3 Model simulation interval setup

-
Run model

o

Complete calculation

o]

Close |

Figure 4.4 Completed Model simulation

Once ‘Complete execute model’ has appeared, press the ‘Close’ button.
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CHAPTER 5: ANALYSIS OF RESULTS

If all the executions have been completed, now you are ready to analyze the result. The

DWAT enables users to freely compare outputs at each node, junction, and link including

hydrologic components. This configuration is very helpful to users in analyzing the results.

Table 5.1 Output variables (catchment nodes)

Catchment node

Description of output variables

Inflow (m®)

Rainfall (mm)

Actual Evapotranspiration (mm)
Potential Evapotranspiration (mm)
Infiltrate (mm)

Soil moisture content

Flow surface (mm)

Flow_inter (mm)

Flow groundwater (mm)
Recharge (mm)

Flow total (mm)

Groundwater Movement (mm)
Groundwater Elevation (EIl. m)

Inflow volume

Rainfall

Actual evapotranspiration
Potential evapotranspiration
Infiltration

Current soil moisture content
Surface runoff

Interflow

Groundwater runoff
Groundwater recharge

Total runoff

Groundwater movement
Groundwater level elevation

Table 5.2 Output variable (Other nodes)

Node Description of output variables
Inflow (m’) Inflow volume
Downstream Outflow (m?) Mainstream discharge that did not flow into the reservoir
Intake (m°) Intake volume
Evaporation Water surface (mm) Evaporation from the water surface
Reservoir Spillway Outflow (m?) Overflow from spillway
Pipe_Outflow (m®) Discharge from the outlet pipe
Aquifer Loss (m°) Loss from the bottom of the reservoir
Volume (m®) Storage volume
Water Level (m) Water level
Inflow (m®) Inflow volume
Bypass Volume (m?) High flow bypass during flood season
Evaporation Water surface (mm) Evaporation from the water surface
Wetland Spillway Outflow (m®) Overflow from spillway
Pipe Outflow (m®) Discharge from the outlet pipe
Aquifer Loss (m®) Loss from the bottom of the wetland
Volume (m®) Storage volume
Water Level (m) Water level
Inflow (m®) Inflow volume
Intake (m°) Intake volume
Recycle 3 . .
Downstream Outflow (m*) Downstream discharge after intake
water supply node name Node name that receives supplied water
Import Water Supply (m®) Water supply from outside

The DWAT basically has three types’ outputs features: water balance, graphs, and tables. In

this chapter, the methods to analyze the model results are explained in detail. The output
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variables by source node that are created after executing the DWAT are summarized in Table
5.1-5.2.

5.1 Water Balance

The results of water balance in a basin may be viewed based on two methods. The first is to
view the results in the main menu and it is shown in the following figure. The second is to
view the results at each sub-catchment node in the catchment node configuration screen of the
‘Main Interface’.

Pressing ‘Model’> ‘Water-balance’ menu in the main menu.

& 20161124 dpr - DWAT

[ File View GIS Preprocessor | Model | Help

5 & : T Model setup
J . d L 2] Ay ﬁl |
Nodes Run
@“ Chart
] Scatter chart
Select Catchment B
Water balance
a F Series table
=/ d 4 Save graph
Import Wetland Re Calibration
™
@ @ &
Recycle Junction Qutlet

Figure 5.1 Water balance main interface

By year: This is a tab to control output formats. Analysis results are displayed on an annual
basis. As shown in the above figure, each hydrologic component is displayed on the left side

and water balance is displayed by a node on the right side along with average value.

Water balance é
= By year " Bynode Year  |2002 - Select  |Outet <
. . Al . .
Average | Catchment 003 Catchment9 | Catchment7 | Catchment3 | Catchment11 | Catchment
Rainfall 12317 12312004 12317 12317 12317 12317 123
Inflow 0.0 (2008 00 00 00 0.0
ET 1312 622007 - 939 51.3 237.0 56.9 10
ET_imp 19.7 18.7 14 53.1 187 0.0 33.0 1
ET_per 1114 437 2556 408 326 2370 239 8
Runoff 975.1 1022.9 9334 954.6 875.3 9372 697.0 105
Surface 1766 1414 126.1 4025 1414 118.0 2502 13
Interflow 2712 536.2 2419 802 264.0 2399 136.0 29
Groundwater 5273 3453 5654 479 469.9 5794 310.8 63
Recharge 4390 247.7 47486 3728 369.9 479.7 2109 56|
Soil -246357 -2.38776 -342949 -1.01739 -1.47902 -2.92595 -1.25662 -3.03
GW-Storage | -8831232 -97.56055 -90.72383 -99.13438 -99.92149 9967852 -99.92617 65394
MassBalance |216,18462 24638016 13549123 26340039 406.49600 16012206 578.97076 13551
| »
Close

Figure 5.2 Annual water balance results

By node: This is a tab to control output formats. Analysis results are displayed by sub-
catchment. As shown in the following figure, each hydrologic component is displayed on the

left side and resultant values are displayed on the right side on an annual basis.
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Water balance =]
" By year * By node Node  |cCatchment 1 ¥ Select  |outet ¥
Sum
| Average | PITPI 2tchment L 2004 | 2005 2006 | 2007
Rainfall | 13465 1231catchment 9 12170 1427.7 1362.7 1325.0
Inflow | 00 4&1%{3 0.0 0.0 0.0 0.0
Catchment 11
ET 544 Ecgt i 485 43.0 43.7 718
ET_imp 200 1§Catchment 4 188 185 179 228
chmen
ETper | 343 PR ek 297 245 257 49.0
Runoff | 10393 1022C3tchment 6 - 9164 11032 10455 990.1
Surface 155.0 1414 1735 1394 1671 1592 1495
Interflow | 5819 536.2 6994 499.2 5934 607.6 555.5/
Groundwater | 3024 3453 2849 2778 3428 2767 285.1
Recharge 2864 2477 2845 2845 3381 2835 280.2
Sail | -0.46505 -2.38776 -2.39868 207700 0.66873 -3.81773 3.06816
GW-Storage | -16.03515 -97 56055 -0.39688 6.65672 -4.76367 479805 -497461
MassBalance | 26929692 246.38016 30292104 243.40207 28553765 27253837 26500221
(el 1 3

Figure 5.3 Annual water balance results of sub-catchment

Select: This is to select the outlets of a catchment. If the catchment has many outlets, the

results on the water balance may be identified for each catchment outlet.

In the second method for viewing water balance results, water balance may be viewed by
right-clicking on each sub-catchment node as mentioned above. However, the water balance
output from sub-catchment nodes does not provide information on the entire water balance,
but rather provides only the resultant water balance of the relevant sub-catchment. Right-

clicking on the sub-catchment node and clicking the ‘Water balance’ menu.

Table
Chart
Multi chart

Water balance
Remove

Figure 5.4 Water balance results by catchment

The following window will appear.
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Figure 5.5 Water balance results for the selected catchment

Year: The relevant year may be selected. As shown in the above figure, the water balance

results at hydrologic component may be identified by clicking each relevant year.
5.2 Chart

Analysis results are shown in various forms of graphs in the DWAT. Similar to the water
balance results, there are two methods to view the graphical results of the entire catchments.
The graphical results for individual sub-catchments, links, junctions, and outlets can be
viewed by the setting tab of the left window, no matter which method the user selects to view
the results. The method to check results in the main menu is as follows:

Select “Model” > “‘Chart’ in the main menu.

Right-clicking on the sub-catchment node and clicking the ‘Chart” menu.

& 20161124.dpr - DWAT
File View GIS Preprocessor | Model | Help
i D23 d L m «;jl Model setup
[ Nodes Run
r-,;" Chart
= \
Scatter chart
Select Catchment A
Water balance .
Series table =
e‘ ?} Table
74 =4 Save graph
I -::rt Wetland R AL
mpo Wetlan e
Calibration Multi chart
? % - Water balance
g 9 ‘.’ Remove
Recycle Junction Qutlet

Figure 5.6 Graphical results main menu

A Chart result window will appear.
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& Chart ==
{Current - +
Nodes Result

Node

Catchment 1 E

Catchment 2

Catchment

Catchment 7

Catchment 3

Catchment 11

Catchment 5

Catrhment 4 >

< ] "

Field

Field

Inflow(m')

Rainfal(mm) =

Actual Evapotranspirationt...

Potential Evapotransprato. ..

Fiow_Surface{mm)

Flow_Inter (mm)

Flow_Groundwater (mm)

Flow Trtallmen)

. i "
Add Remove

= I
Init Zoomal

Figure 5.7 Graphical results window

et —I: his is a project selection window. In *Current’, the results of the

current project may be viewed. When the plus button is selected, the results of other projects
are opened and displayed for comparison. That is, a function to compare the result of the
current project with those of other projects is provided. As shown in the following figure, all
graphic results of the current project and other projects are displayed when other projects are

opened and selected.

Curranl w |y
3

Formast 2

Imgport1

Inflikra 1

dunc 2

Junc A

Junc s

Link 17 i

. This attribute window shows the information of each node, junction, link

and outlet of the relevant project.

Feld ~
il )

Baintalljmm)

Actual Evapatranspirahon(m
Patartisl Evapolranspiration|

Surt Drsinage Cubsen{mm)

submnegeeporen) %2 THiS IS located below the node attribute window and shows the field
attribute window. They are the output parameters mentioned earlier in Tables 5.1 and 5.2. The

user can select the relevant sub-catchment or the link and junction through the node attribute

DWAT-User’s Manual v1.1 72

Comment [j23]: Review 52
59




window and then select output variables in the field attribute window to see graphic results.
The user may press the ‘Add’ button to display the graphic results when the sub-catchment

and output variable have been selected. It is shown in the following figure.

m " Chart ﬁ
]
Current - + I
Mades Result
Node 200
Catchment 1 B
190
Catchment 2 Rainfall{rmm){Current.Catchment 2
Catchment 9 180 Flow_Total{mm){Current.Catchment 2)
Catchment 7 =
Catchment 3 170
Catchment 11
Catchment 5 35
Catrhment 4 b 150
‘ Wit '
Fisld 140
Fiekd z 130
Potential Evapotranspratio. .. 120
Flow_Surface(mm)
Flover_Inter{mm) - 110
Flow_Groundwater
5 e T j5e
Infiltrate(mm) 0
Recharge(mm)
Groumdyater Movementimm) a0 t
« Bt L3
70 | |
(AN e S
60 { t
T s0 : .
Rainfall(men)(Current.Catch. ..
Flow_Total{mm){Current.C... 40 | i
30 1 | I
20 | 1 J ﬁ ‘ \ i
1 .- i i
10 | |i Hi 4 h ¥ i| | g | )
ol%‘"‘ IS L (AR, | R (L, JL
02/01/01 00 02/10/27 00 03/0%/1% 00 04/08/11 00 0S5/07/04 00 06/05/27 00 07/04/19 00
it Zoomall |

Figure 5.8 Graphical results of rainfall and total flow on the same axis

Field
Feaindallmen) (Cumprt Paddy 1)
Pl Temsllme(Cunont Fad

Femowve | Init

| Z2zem A |. e left bottom window displays the names of
the current output variables. The user may also select multiple nodes and output variables and
display them simultaneously on the same screen. If the user wishes to delete some output
items from the graph, the user may click on the item or right-click the button and
select "Remove’. If the user wishes to delete all items, the user may just select the “init” button.
In addition, the interested region in the graph may be expanded by using the dragging
function of the mouse. Once expanded, the region may be moved using the scroll bar on the
bottom of the graphic result. The user can go back to the entire view by pressing the ‘Zoom

AlI’ button. The form of an expended graph is as shown in the following figure.
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a | Chart ===
Current -]+
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hode - 340 [T 7 T 1T T o
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Fields 280 ol 50
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Actusl Evapotranspiration(.. 230 120
Potentisl Evapotranspiratio. .. 220 130
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Flow_inter {mm) 200
Flaw_Grounchwatermm) 150 |
Flws_Trtailmm] b 180 160
P i ' o 1 170
Add Remeve 170 180
T — 160 180
jped _____ | 150 200
Rsinfal(men) (Curr et Catch... e
Fiow_Total{mm){Current.C... Loy
130 220
120 230
10 240
100 250
80 260 |
80 7
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Enit Export | Zoom Al 70 s5g
&0
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a0 s
320
fg 330
;n 340
350
05/11/15 00 06/01/04 00 06/02/26 00 06/04/24 00 06/06/1600 08/06/12 00 06/10/06 00 06/11/30 00 07/01/24 00  07/03/20 00
|

Figure 5.9 Graphical results of rainfall and total flow on different axis

Expont . . .
Ll: Graphs may be exported into various forms using the ‘Export’ button. Once

the “‘Export’ button has been selected, the following window will appear.

Export method ﬂ

" Data to file
{ Graph o dipboad _ Concel |
" Graph to file

Figure 5.10 Export results to different formats

Data to clipboard: Graphic results can be saved to the clipboard and then pasted in the text

editor by selection of this option. The data of all the graphs is copied as follows
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E 1 i % ¢ = | Document - WordPad - m] g

Home | view .,
E| G .. <L

a5 Replace

Paste Picture Paint Dateand Insert
- - drawing time object (L} Selectall
Clipboard Font Paragraph Insert Editing

3"'2“‘1"‘3"‘1‘.“2' 'c3cacden 5B 7B 10910 1 T 'TZ'I.‘H“'1.4'l‘1%“15'l'17“‘13'

Date,Rainfallimm)(Current.Catchment 2), Potential Evapotranspiration(mm){Current.Catchment
2)

2002/01/01 00, 0, 0.13266

2002/01/01 01, 0, 0.13266

2002/01/01 02, 0, 0.13266

2002/01/01 03, 0, 0.13266

2002/01/01 04, 0, 0.13266

2002/01/01 05, 0, 0.13266

2002/01/01 06, 0, 0.13266

2002/01/01 07, 0, 0.13266

2002/01/01 08, 0, 0.13266

2002/01/01 09, 0, 0.13266

2002/01/01 10, 0, 0.13266

2002/01/01 11, 0, 0.13266

2002/01/01 12, 0, 0.13266

2002/01/01 13, 0, 0.13266

2002/01/01 14, 0, 0.13266

2002/01/01 15, 0, 0.13266

100% (=) ] @

Figure 5.11 Export results to any formats

Data to file: The current graphics results may be saved in the form of text files (*.txt).

&) Save As *
4 « new » pangyoc_gis * v O Search pangyo_gis yel
Organize « Mew folder SEE 4 o
|§| Documents L) MName Date Type ~
* Downloads IJ 111171 et 12/26/2016 6:14 PM Text Document
J*, Music |J 201610056 10/5/2016 10:21 AM Text Document
= Pictures |:| 20161006 bt 2016 3:06 PM Text Document
& Videos u 20161007t Text Document
=] 20161011 bt 7 Text Document
‘o Local Disk (C:) - i
=l 20181011 _2.6at 10/13/2016 7:33 PM Text Document
- Local Disk (D:) = an1a1072 0t 1M/I2/INTA Fa20 DRA Tent Nnriimnant v
I nmal Mel- FEOY 7 < >
File name: | Rain_EVT ~
Save as type: | Tab separated file(*.txt) ~

. Hide Folders Cancel

Figure 5.12 Export results to text formats

Graph to clipboard: Graphic results can be saved to the clipboard and then pasted in the
windows figure plate by selection of this option. The screens of all the graphs are copied as

follows

DWAT-User’s Manual v1.1 75



@k ® @ [ = | Untitled - Paint - o x
Home Wiew 5 0
RN E P = = ﬂ o

Clipboard Image Tools Brushes Shapes Size Colors  Edit with ~ Product
© & © © © & Paint 3D alert

Result

— Rainfall{mm){Current.Catchment 2)
Actual Evapotranspiration{mm)(Current.Catchment 2)
Potential Evapotranspiration{mm)({Current.Catchment 2)

02/01/01 00 02/11/14 08 03/10/28 00 04/10/09 15 05/09/22 07 06/09/04 22 07/08/18 13

o o

+ 12 100% (=) ] )]

Figure 5.13 Export results to any image formats

\Graph to file: The current graphical results may be saved in the form of image files (*.bmp,

* wmf), : .
wmf). - [ Comment [j24]: Review 53
@ Save As X
4 <« NEW * pangyo_gis » v O Search pangyo_gis o
Organize = Mew folder Bz - o
Documents & Name Date Type

¥ Downloads Calibration 12/5/2017 6:56 PM File folder

J’ Music CAT_TEST 8/23/2017 9:08 PM File folder

[&] Pictures graph 12/5/2017 3:19 PM File folder

m Videos info 8/23/2017 %09 PM File folder

p_dm30 8/23/2017 9:00 PM File folder

i Local Disk (C)
= Local Disk (D:)

[P >
File name: | [EIWAI M) w
Save as type: | Bitmap file(*.bmp) ~
~ Hide Folders | Save | | Cancel

Figure 5.14 Export results to image formats

When the output variable attribute window on the bottom left-hand side is right-clicked, the

screen appears as follows.
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Flow_Total(mm)(| Set main-axis

Set sub-axis(normal)
Set sub-axis(Reverse)
Scale

Remove

Init |EJq:ort|ZaurnA.l|

Figure 5.15 Axis selection tools

Set to main axis: This is a function to display selected result graphs on the main axis
Set to sub axis (normal): This function displays the graph on the same axis and displays the
value on the subsidiary axis. The form displayed using this function is shown in the following

figure.

i1 Chart e

odes Result

Node I 15 44
Catchment 1 E | 42
Catchment 2
Catchment 3
Catchment 4 13
Catchment 5
Catchment 6 15 36
Catchment 7 34

Tnc 1
1 [ 1 11 o2

4 =
g Rainfall{mm)(Current.Catchment5)

Flow_Total(mm)(Current.Catchment 5)

Fieds 10 30
Field - 28
Inflow(m) M 9 e
Rainfall(mm) =

Actual Evapotranspiration(... | 24
Potential Evapotranspiratio. .. 22
Flow_Surface(mm)
Flow_Inter(mm)
Flow_Groundwater (mm)
Flow_Totalfmm) 6
« T »

Add Remove 2
(res T *
Rainfall(mm)(Current.Catch...
Flow_Total(mm)(Current.C... 3 ‘

Z 20
18

(%)

-

7 ..-l|| I i .l.l J“{

06/01/01 00 06/04/16 18 06/08/10 14 06/12/04 10 07/03/30 06 07/07/24

Il

2 07/11/16 22

il

o

Init Export | Zoom Al

Figure 5.16 Graphical result on the same axis

Set to sub axis (Reverse): This is a function to display selected result graphs on the
subsidiary axis. This function can be used to display rainfall on the upper side as a subsidiary
axis when rainfall and discharge graphs are displayed simultaneously. The form displayed

using this function is shown in the following figure.
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® Chart [t

Current Y. +
Nodes Result
Node - % g
Catchment 1 =
Catchment 2 28 Rainfall(mm)(Current.CatchmentS)
g:ﬂﬂ:ﬂ: . Flow_Total(mm)(Current.Catchment 5)
Catchment 5 26 1 l 15
Catchment 6
Catchment 7 24 20
Wine 1 ki
« m » 22 25
Fields 30
Field - £l
Inflow(m*) 35
Rainfall(mm) = 18 40
Actual Evapotranspiration(...
Potential Evapotranspiratio. .. 16 45
Flow_Surface(mm)
Flow_Inter (mm) 14 50
Flow_Groundwater(mm)
Flow_Totalfmm) 5 12 55
< n b
60
Add Remove 10
65
Field 8
Rainfall(mm) (Current.Catch... 70
Flow_Total(mm)(Current.C... 6 75
5 80
2 1 85
0 I i - — S0
06/01/01 00 06/04/16 18 06/08/10 14 06/12/04 10 07/03/3006 07/07/2402 07/11/16 22

Init Export | Zoom All

Figure 5.17 Graphical result on the subsidiary axis.

Scale: This is a function to adjust spaces in the graph. The following screen appears with a
selection of this function. The space unit for displays will be adjusted after setting the display

spaces and pressing the confirm button.

Input scale ﬁ

Scale I—m
’TI Cancel ]

Figure 5.18 Graphical scale adjust
Remove: This is a function to delete a field

Multi chart: Users can simultaneously check the graphs of rainfall, evapotranspiration, soil
moisture, and total runoff for each node using Multi chart function. The following window

appears by right-clicking on a node in the configuration screen of the main interface.

Multi chart

Water balance

Remove

Figure 5.19 Multi chart view
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When the ‘Multi-chart” menu has been selected, the following result window is displayed.

B =]
Rainfall
40|
35
30
251
20+
15
10
S
0
Evaporation
0.5¢
0.4
0.3
0.2
0.1
1]
Soil
0.45
- \P\
0.35 I\H "\j\-_‘_
0.3
0.25
Total
14
12
10
8 }
6
4
2
= - iz 1 G, ] | .JILL,LLL
06/01/01 00 06/03/15 16 06/06/04 09 06/08/24 02 06/11/1218 07/02/01 11 07/04/23 04 07/07/1220 07/10/0113 07/12/21 06

Figure 5.20 Multi chart result

The Zoom in/out can be confirmed by dragging only the graph of the total outflow amount,
which is the bottom graph of the Multi chart, with the mouse.
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Zoom Al I

Figure 5.21 Multi chart result zoom out view

5.3 Table

The DWAT contains a function to view result values in the form of tables at all nodes,
junctions, links, and outlets.

Unlike water balance and graphic results, table results can be viewed only through right
mouse clicks on the nodes, links, and junctions of the main screen. In addition, information on
all nodes cannot be seen and only the results for an individual node are displayed including

the results specified.

The following window appears by right-clicking on a node in the configuration screen of the

main interface.

Table

Chart

Multi chart
Water balance

Remove

Figure 5.22 Time series result view

When the “Table’ menu has been selected, the following table result window is displayed. As
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shown in the figure, the names of the output variable for each time series appear on the top
and time series data are displayed.

w1 Series ===
Fie ﬂ |
Interval |[1day Start time | 2002/01/01 00:00 Count (2191
Table - Decimal [0.00 -
[Catchment &
Date Inflowd $@)) | Rainfallmm] | Actusl Potertial | Flow Sufa  Flow Intesf | Flow Groun | Flow Totsll | Infiltratemm | Rechamgelm Groundwats Sol Groundwate| & |
1 0201/ 00 0.00 112 2390 0.00 0.00 0o 000 o 34357 |
2 02/01/02 00 0.00 0.00 113 293 0.00 000 267 267 000 0.00 0,00 016 3495
3 02/01/03 00 0.00 0.00 0.00 1.60 0.00 000 259 253 0.00 0.00 0.00 018 3492
4 02/01/04 00 0.00 0.00 0.00 1.94 0.00 0.00 252 252 0.00 0.00 0.00 018 3483
5 | 02/01/05 00 0.00 0.00 0.00 289 0.00 0.00 245 245 0.00 0.00 0.00 016 2487
&  02/01/06 00 0.00 0.oo 000 213 000 000 239 239 o.o0 0.00 0.0o 018 3485
7 02/01/07 00 0.00 260 000 253 014 000 232 246 143 0.00 n.0o 02 3482
8 02/01/08 00 0.00 0.00 148 268 0.00 000 226 22 0.00 0.00 0.00 018 3480
9 02/01/09 00 0.00 000 0.03 1.72 0.00 000 219 219 000 0.00 0.00 018 3478
10 02/01/10 00 0.00 0.00 0.00 1.35 000 000 213 213 0.00 0.00 0.00 1§1:) 3476
11 02/01/11 00 0.00 0.00 0.00 1.91 0.00 0,00 208 208 0.00 0.00 0.00 018 3474
12 |02/01/1200 0.00 0.00 0.00 1.54 0.00 0.00 202 202 0.00 0.00 0.00 018 u72
13 | 02/01A1300 0.00 0.00 0.00 200/ 0.00 0.00 196 1.96 0.00 0.00 0.00 o1e 3470
14 | 02/01/14 00 0.00 0.70 0.00 n 0.00 0.00 191 1.91 039 0.00 0.00 018 2468
15 02/011500 0.00 280 0.48 034 168 1m 1.86 452 484 202 0.00 025 3468 -
Lol | o[
Figure 5.23 Time series result
5.4 Statistics

Statistical values such as the Nash-Sutcliffe model efficiency, RMSE (Root Mean Square
Error), MAE (Mean Absolute Error), RE (Relative Error), VE (Volume Efficiency) and R?
(Coefficient of determination) are provided so that users can easily identify the results of the
model. The statistical values can be viewed in the ‘Model Scatter chart’ menu under the main

menu.

& 20161124.dpr - DWAT

: .File View GIS Preprocessor | Madel | Help
B =A™ W Model setup
Nodes ' Run

@ j Chart

Scatter chart
Select Catchment B
Water balance

5 tabl

-:-.-\ m ! eres table

& ~ {  savegreph

Import Wetland Re| Eatibration
- -
Y @9 W
Recycle Junction Qutlet

Figure 5.24 Scatter chart menu view

The “Scatter chart” window is shown in the following figure. The upper part of the chart
window is used to select simulation results and observed data. The lower part is a graphic
space to display the 1:1 dispersion of the simulated and observed values. Each calculated

statistical value is displayed on the right side.
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5| Scatter Chart @
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Catchment 1 - - Apply
s S - s
Catchment 7
Catchment 3 Statistics
Catchment 11 Scatter Chart
— Catchment 5 Mash-Sutdiffe effidency
Catchment 4
Catchment 10
Catchment 8
Catchment 6 RMSE{Root Mean Square Error)
QOutlet
Junc 1

;EEE % MAE({Mean Absolute Error)

m

Junc 4
Link 3
Link 4 RE (Relative Error)
Link 4
Link &
Link 7
Link 8
Link 9
Link 11
Link 12 R2 {Coeffident of determination)
Link 13
- Link 14
Reservoir 1 1]
Link 15 Observed
Catchment 12
Link 16

Simulated
[=]

VE (Volumetric Effidency)

Figure 5.25 Scatter chart window
The following process is used to load and compare observed data.

Simulated: Select a catchment, link, or outlet etc., having observed data in order to compare
with simulated values.

Field: Select the output parameters of the simulated values from the box.

ObservedlJ : Click to import the observed streamflow data. When the observed data have
been imported, the name of the table for the observed values is entered into the box. In this
case, the observed data are brought in by selecting the ‘“Time step” as ‘Observed data’ in the

‘File > Create Series’ menu and then importing the data file (*.dat).

QQ \ « EF CAZ (D) » new » pangyo_gis » v|£,|| pangyo._gis

WEARY

B e=c Climate_3.dat

B HE s Climate_5.dat

T A2 9K climate_0502 dat
climate_day.dat
FELEEE] climate_day2 dat

24 obsdata_day.dat

Buoe obsdata_hour.dat

B AR obsdata_hour_2.dat

o 2ot obsdata_hour_2007 dat

obsdata_hour_2007_re.dat

& =g Obsdata_crgin_1227.dat

£ JBL nhcaniad 9 dat z T s
- B rncans - ¢
- EE 0230, . »

m

m

oo oo o |l oo oo

o+ O|E(M): obsdata_day.dat - ISene.r. data(*.dat) v]

Figure 5.26 Import observed streamflow data
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R Scatter Chart

Observed |Table 1 -

Field | flow_total(m?fs) -

Scatter Chart

e

Simulated
=

1]
Observed

Statistics

Nash-Sutdliffe efficency

RMSE({Roat Mean Square Error)

MAE(Mean Absolute Error)

RE (Relative Error)

VE (Volumetric Efficiency)

R2 (Coefficient of determination)

: When the ‘Apply’ button is clicked, the 1:1 dispersion is displayed as shown in the

Figure 5.27 Observed streamflow data preparing

following figure and various statistical results appear on the right side.

i Scatter Chart [
Simulated |0uﬂet 1 - Field  |flow_total(m'fs) -
Apply
Observed |Tab|e 1 - .. I Field W
Statistics
Scatter Chart
a5 o Nash-Sutdiiffe effidency
0.8602
40
RMSE{Root Mean Square Error)
35 — 0.0063
2 MAE(Mean Absolute Error)
- °
® 25 @ | 0.2903
S o
E 5 °® ° RB (Relative Bias)
o 1}
[ 8%
@ % VE (Volume Error)
| -18.4581
R2 (Coefficient of determination)
m
15 20 25 30 35 40
Observed

The following process is to create observed data file (*.dat) format from Excel (*.xls) formats
of streamflow data. Firstly, the user must check the time step of his/her own data with format
of *.xls. When you create observed streamflow data, you do not need to select the data period.
Because there may be missing dates in the observed data, the number of observed data should

be entered correctly, and the field of date and observed data should be copied from the excel

Figure 5.28 Scatter chart statistical values
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file to the DWAT data file.

Create series :
Time step Peried 2015-05-0300:0 - ™ 2015-05-0300:C ~
() Hour ©) Day
) Month ©) Year Field  |Date = Add
() User define (min)

Rainfall ate format
(@) Observed data 2151 CEvaporation bl
Humidity
Solar =
Wind
Temperature(avg)
Temperature(Min)
Temperature(Max)
User defined
Observed data
1 *
File header
Series file E

Figure 5.29 Create observed streamflow data

Time step: In this case, 2191 is the number of observed data (the number of rows in Excel
sheet)

Period: User does not need to select the data period when creating the observed data

Field: Specify the type of field for input. If you select the ‘Date’ field and click the Add
button, the following dialog appears. You should enter the same separator and check the date
format as the Excel sheet. Click ‘OK’ to proceed. The Date field will be created.

And then add the ‘observed data’ from the field box. Date and observed data should be copied
from the excel sheet to the DWAT data field.

B H 9 »book. 2 B - O X
HOME  INSERT  PAGELAYOUT  |»

™ A = o, EECondit
Clipboard  Font  Alignment Number [Fromat,
- - - - [Fcelisy
~
AL - Jfr | pate w
Dialog (=== A B c =
1 [Date Observed Hata
Seperator 2| 2/1/2001 0:00 072
Date || Time 3| 2172002 0:00 056
4| 27172002 000 054
@ YYYYMD him 5| 2/1/2004 0:00 049
- 6| 2/1/2005 000 047
© MDY bim 7| 22006000 042
) ¥YM/D h:m 8| 2/1/2007 000 0.56,
) MDY hem s | 2/1/2008 000 037
10| 2/1/2008 0:00 037
Century | 2000 1| 2172010 0:00 0.32
12| 27172011 0:00 0.32

Figure 5.30 Select separator and date format
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Create series @
Time step Period 7n15-0 ~
Hour Day
Month Year Field |Observed data - | | Add |
User define {min)
@) Observed data 2191 | Clear | | Remove ‘ | Date format ‘
Date Observed -
1 2002-01-01 0c00 0.7200
2 2002-01-02 0:00 0.5600
3 2002-01-03 0:00 0.5400
4 2002-01-04 0:00 0.4300
5 2002-01-05 0:00 0.4700
5 2002-01-06 0:00 0.4200
7 2002-01-07 0:00 0.5600
8 2002-01-02 0:00 0.3700
9 2002-01-09 000 0.3700
10 2002-01-10 0:00 0.3200
11 2002-01-11 000 0.3200
12 2002-01-12 000 0.2700
13 2002-01-13 0:00 0.2800
14 2002-01-14 0:00 0.2500
15 2002-01-15 0:00 0.6300
18 2002-01-16 0:00 0.5100
17 2002.M.17 rHn n29nn o
4 3
File header  Qbserved_data
Series file D:Wnewpangyo_gisMObserved_streamflow. dat
| Save | | Close ‘

Figure 5.31 Creating observed database

File header: Enter the file description.
Series file: Click and enter the saving directory and file name.

Create series ==
Time step Period  5713-05-0 ~

Hour Day

Month Year Field |Observed data v| | Add |

User define {min}

@) Observed data 2191 | Clear | | Remove | | Date format ‘
D ate Observed o
1 2002-01-01 0:00 0.7200
2 2002-01-02 .00 00 GEAN
3 200201030 pyyar
4 2002-01-04 @
5] 2002-01-05
5 2002-01-08 |
7 200240107 I, Complete
8 2002-01-08
9 2002-01-09
10 20020110 —
11 2002-01-11 =]
12 20020112
13 20020113 0700 2300
14 2002-01-14 0:00 0.2500
15 2002-01-150:00 0.6300
16 2002-01-16 0:00 0.5100
17 2N02.01-17 000 3900 mic
1 3
File header Observed_data
Series flle D:tnewMpangyo_disWObserved_streamflow. dat
| Save | | Close |

Figure 5.32 Completed observed database

Save: The file will be saved as DWAT observed data by pressing the ‘Save’ button. When the
saving has been completed, Press the ‘OK’ Button.
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5.5 Series Table and Save Graph

The Series table and Save graph can be viewed in the ‘Series table & Save graph’ menu under

the Model menu.

& DWAT_20171130_scatter.dpr - D!VATF
: File View GIS Preprocessor | Model | Help
: _1 d u e it @ Model setup
Nodes Run 1
@ Chart
= Scatter chart
Select Catchment =
Water balance
Series table
@ d‘-d; d Save graph
Import Wetland Re; Calibration
™
O @
Recycle Junction Outlet
Figure 5.33 Select series table menu

Series table: Check the table for the results of each hydrological component in the sub-

catchment (The sub-catchment node can be selected from the left side, and the hydrological

component per node can be selected from the right side).
Series Table ﬂ
Nodes Fields
[¥] catchment 1 Clinfiow(m?)
[[] catchment 2 £ [l Rainfall(mm)
[ catchment 3 L [[] Actual Evapotranspiration(mm) =
[[Jcatchment 4 [[]Potential Evapotranspiration(mm)
[ catchment 5 I Flow_Surface(mm)
[[Jcatchment s [ Flow_Inter (mm)
[C] catchment 7 ] Flow_Groundwater(mm)
Oaunc 1
Claunc2 [l Infiltrate(mm)
aunc 3 X [CIRecharae(mm) ~
View I Close ]
Figure 5.34 Selected time series results
Click View to proceed. Table with the result will appear.
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Series table ﬂ
[ A | B [ C -
i Dat Catchment 1

ol o€ Rainfallmm]  Flow_Totalfmm)
2072 2004/05/1311:00 0 0.0186607
| 2004/0541312:00 0 0.0187014
2| 2004/05/1313:00 0 0.0187423

2| 2004/05/13 14:00 ] 0.0187834 ]
73| 2004/05413 15:00 0 0.0188245
3| 2004/05/13 16:00 0 0.0188639
| 2004/05/1317:00 0 00183033
| 2004/05/13 18:00 0 0.0183429
2004/05/13 13:00 0 0.0189827
| 2004/05413 20:00 0 0.0190227
| 2004/05413 21:00 0 0.0190605
73| 2004/05/13 22.00 0 0.0130988

| 2004/0513 23:00 0 0.0191371 _IL

»

Figure 5.35 Time series results view

Save graph: Save the graph for the results of each hydrological component in the sub-
catchment (The sub-catchment node can be selected from the left side, and the hydrological
component per node can be selected from the right side)

Save graph &
Nodes Fields
Nodes | - Field | -
[V] Catchment 1 | I inflow(m?) |
[]catchment 2 E Rainfall(mm) ‘
[ catchment 3 A [[] Actual Evapotranspiration(mm) =
[l catchment 4 [[] potential Evapotranspiration{mm) ‘
[[]catchment 5 ] Flow_Surface(mm) \
[l catchment 6 [C]Flow_Inter(mm) |
[ catchment 7 ] Flow_Groundwater (mm)
Jaunc1 Flow_Total(mm)
Cunc2 [ infiltrate (mm)
Munc 3 Z [CIRecharge(mm) -
Save | Close | ‘

Figure 5.36 Select graphical results

The file browser will appear. It allows the current file to save in *.bmp file format
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TeeChart

EE Rainfall(mm)
34 Flow_Total{mm)

HL L R ) ,,l

02/01/01 00 02/08/27 14 03/05/1522 04/02/01 06 04/10/19 14 05/07/07 22 06/03/26 06 06/12/12 14 07/08/30 22

Figure 5.37 Graphical results view
5.6 Calibration

DWAT provides a calibration tool with parameter optimization and uncertainty analysis
package PEST (model-independent Parameter ESTimation). PEST is a parametric
optimization and uncertainty analysis package for nonlinear functions (Doherty, 2009). It has
a great advantage in terms of efficiency because it can estimate the parameters by fewer
iterations than the existing parameter optimization model. It also supports advanced
techniques used for estimating multidimensional parameters such as pilot points,

regularization, and so on (http://www.pesthomepage.org).

DWAT automatically optimizes parameters for soil and aquifer for single basin with observed

streamflow.
In the DWAT, the calibration process using PEST involves a sequence of steps.

1. To apply the PEST, three files: a model input template file (*.tpl), a model output
reading instruction file (*.ins), and a PEST control file (*.pst) should be
generated.

- When the user enters the sub-catchment node, observation data, and
information about the parameters (initial values, maximum and
minimum values of the estimated range), DWAT calibration tool
automatically generates the above three files.

2. When the calibration tool is executed, an iterative calculation is performed to find

the optimal parameter within the parameter estimation range.
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3. Once the iteration is complete, the calibration tool reports the optimal parameters
in the result file (*.par).

4. If calibration step has been completed, now you are ready to analyze the result.
The calibration tool basically has outputs of three types: table, graph and scatter

chart.

In this section, the methods to use the calibration tool are explained in detail. The calibration

can be viewed in the ‘Model > Calibration’ menu under the main menu

& DWAT_20171130_scatter.dpr - DWAT

i File View GIS Preprocessor | Model | Help

| = % @ Modelsetup
| Nodes Run
f_,a‘- Chart
y
Scatter chart
Select Catchment B
Water balance
| Series table
'a.‘ "?,‘ Save graph
=/ w {
impor Wetland Re Calibration
™
d O @
Recycle Junction Outlet

Figure 5.38 Model calibration menu

The ‘Calibration’ window is shown in the following figure. The upper part of the chart
window is used to select simulation results and observed data. The lower part displays
information for parameters (names, initial values, maximum and minimum values of the

estimated range).

The user can select the parameters to optimize in the ‘Parameter” tab.
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Calibration &
Node - Output field  |Flow_Total(mm) +| ™ Convertcms to mm(Observed)

Name |

Observation [ . I j |
Simulate Term | 2006-01-01 w| ~ |2008-01-01 - Calibrate Term  |2006-01-01 vl ~ 12008-01-01

Parameter |R¢sjt | Table | Graph l Scatter |

| Description Unit | Defaut | Min | Max | Use

Soildepth | Soil depth m 1 1 5
Bs |Saturated soil moisture - 0453 04 06 ¥

Ks 8s of soil(vertical) mmjs | 0.00061 1e-005 007 = |
Ksi Bs of soil(lateral) mmjfs 0.002 0.0001 07 =
River bed :Rlver bed thickness m 1 01 1|
Krvbed Bs of river bed mm/s 0004 1e-006 001
S Storage coefficient - 0.1 0.01 01 ¥

Generate l Run | Apply ‘ Close I

Figure 5.39 Calibration tool in DWAT

The following figure appears on the upper part of the ‘Calibration” window.

Node [CEEESU ~|  oututfild [Fow_Total(mm) | " convert ans to mm(Observed)
Observation | " || Ll | ;I
smuane'rerm[zooem-m ;] ~ Imam-m j Calibrate Term |zonsm~01 j ~ [2008-01-01 ;]

Figure 5.40 Model calibration period

Node: This is a sub-catchment selection window. The user can select the relevant sub-
catchment to be calibrated through the selection window (DWAT can only calibrate on sub-
catchment at a time).

Output field: It allows users to select the output (total runoff, soil moisture, groundwater
level, routing result) to be compared with the observed data from sub-catchment simulation
results.

Output field [FmW_TmaI{nmJ ']

Flow_Total{mm)
Soil Moisture Content

Groundwater Elevation(EL.m
Flow_Total_Routing(cms!

Figure 5.41 Model output fields to be calibrated

If there are no discharge observations at internal sub-catchment outlet, the calibration
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capability can be able to be applied to downstream outlet and junction by selecting
‘Flow_Total_Routing’ in the output field box.

Convert cms to mm (Observed): This checkbox allows the user to convert the unit to a
comparison of the simulated and observed values. In general, the observed data is provided in
cubic meter per second(CMS), but in DWAT, the simulation results for each sub-catchment

are provided in (mm) units for annual water balance calculation.

Name ‘D:Wnew'w‘pangyojisWCa\ibraﬁonWCa\_D1 E] i Clle and enter

the saving directory and file name. It allows the user to enter the directory and file name
where the result files will be stored.

Observation |D:Whe-n-‘v'v‘pangyojisWCaIibraﬁonWobsdata_hourl_: B |Tab|e 1 j |Observed data ﬂ

. In this window, the user loads the observation data to be compared with the simulated values.

The table and field names appear on the right side when you load the observation data.

SimulateTerm|2lJI36-Dl-Dl j o |2003-u1-01 j Calibrate Term |2|:n:|?-01-u1 j o |2.;..;.;.12.31 J

: It allows users to set up environments for simulation and calibration period.

In the parameter tab in the center of the calibration window, the user can select parameters to
be calibrated and edit the relevant information (initial values, maximum and minimum values

of the estimated range). The following figure appears on the lower part of the “Calibration’
window.

Parameter | Table | Graph | Scatter |

Description Unit | Default Min Max Use

Soildepth | Soil depth m 1 1 5
Bs Saturated soil moisture - 0453 04 06 =

Ks s of soil(vertical) mm/s 0.00061 1e-005 007 =
Ksi s of soil(lateral) mm/s 0.002 0.0001 07 =
Riverbed |Riverbed thickness m 1 0.1 1 =
Krvbed 8s of river bed mm/s 0.004 1e-006 001 ¥
5 Storage coefficient - 0.1 0.01 01 =

Generate ] Run I Apply ‘ Close

Figure 5.42 Model parameters to be optimized

Generate: This button will automatically generate the three input files (*.ins, *.pst, *.tpl)

required to run the PEST calibration tool. These files can be found in the directory where the
result files are stored, as shown in the following figure.
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| [ = | Calibration - O hed

“ Home Share View 9

o Cut « Moveto~ ) Delete - ar / 12| Open - selectall
w| Copy path = Edit Select none
Fir . Copy Paste opy to - New Properties
P Past teut Ecents I SERane f.3|d»e|- pv Invert selection
Clipboard Crganize Mew Open Select
« v <« Local Disk (D:) » new » pangyo_gis » Calibration v O Search Calibration Fe
TR 0 Xv L=
IS
~ \ i - iy ~
/& OneDrive Mame Date modified Type ize
Cal_0l.ins IMS File 136 KB
[ This PC =
) @ Cal_01.pst Outlook Data File 228 KB
#l 3D Objects & Cal_01.tpl TPL File 2KB
B Necktan v e e -
33items 3 items selected 365 KB =2 =
3 iterns selected (Disk free space: 3.53 TB) 365 KB & Computer

Figure 5.43 PEST automatically generate the three input files

RUN: When you run the calibration tool by pressing this button, an iterative calculation is
performed to find the optimal parameter within the parameter estimation range.

The following figure shows how the calibration tool is executed to optimize the parameters.

B | C:WProgram Files (x86)¥DWATW¥pest.exe |ﬂ|éj

Lambda = 2.5880
running model
Phi = 48172 . A.962 of starting phid

Lambda = 10.660 3
running model .....
Phi = 48172 ¢ 8.962 of starting phil |

No more lamhda phi rising
Lowest phi this iteration: 40172. |
Relative phi »eduction between optimisation iterations less than 8.10088

Switch to higher order derivatives calculation |
Maximum factor change ¢ factor—limited par. : 3.880 N

Maximum relative change (relative—limited params)>: B.4882

Maximum relative change ¢ all params?>: 2.888

(OPTIMISATION ITERATION NO.
Model calls so far

|
11 |
Starting phi for this iteration: 48172. |
All frozen parameters freed. |
|
|

Calculating Jacobian matrix: running model 14 times
1 runs completed. x

Figure 5.44 Model iterative process

Once the iteration is complete, the calibration tool reports the optimal parameters in the result
file (*.par). This file can be found in the directory where the result files are stored, as shown

in the following figure.
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| 4 || = | Calibration - ul X
Home Share View (2]
Hj B & cut &+ B x iﬁ T New item ~ Iﬂ [+ open ~ [ selectan
sl Copy path = Easy access ~ Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename  New Properties
T [7] Paste shorteut  to»  to = S = g History 5 Invert selection
Clipboard Organize Mew Open Select
« « 4 > ThisPC » LocalDisk (:) » new > pangyo_gis > Calibration v|®| | Search Calibration P
DF-4BO0xXval@
A Name h Date modified Type Size @
# Quick access »
B Destop [ cal.01.cnd CND F.lls 5 I\-E
B <104 DRF File 480K
¥ Downloads [ calotins INS File 136 KB
[ Documents [ cal01jac JAC File 142 KB
=] Pictures [7 cal 01jco JCO File 416 K8
01_Boryeeng [ calon,jst IST File 276 K8
pangyo._gis [ cal_01.mitt MTT File 4ke
) Videos cal_01.par PAR File 1K
Gesc Cal_01.pst Outlook Data File 228 KB
[ cal_01.rec REC File 1,402 KB
Z OneDrive [ cal0t.rei REI File 873K8
2 This e [ cal_01.res RES File 1,600 k:B
[ cal_0turst RST File 1K
~B 3D Objects [ cal0t.sen SEN File 6K
[ Desktop [ cal 01se0 SEO File 733KB
[£ Documents  ,  [# Cal0l.tpl TPL File 2KkB O
68items 1 item selected 137 MB =]
Type: REC File, Size: 1.37 M, Date modified: 12/5/2017 %:03 PM 1.37MB I Computer

Figure 5.45 Optimal parameters

When you open the parameter file (*.par), you can see the optimized parameters as shown in

the following figure.

| cal_01.par - Notepad - O *
File Edit Format View Help
| single point

u_soil_th 1000.000000000000 1.000000 0.000000

u_theta_s  0.4000000000000000 1.000000 0.000000

u_ks_per  6.0843341000000000E-05 1.000000 0.000000

u_ksi_per  5.6752841000000000E-02 1.000000 0.000000

u_riv_th 100.2290737000000 1.000000 0.000000

u_ku_riv  1.0000000000000000E-02 1.000000 0.000000

u_aqf_s  1.4861681200000000E-02 1.000000 0.000000
Windows (CRLF) Ln1, Col1 100%

Figure 5.46 Model optimal parameters view

If calibration step has been completed, now you are ready to analyze the result. The

calibration tool basically has outputs of three types:

table, graph and scatter chart.

The following figure shows the table results with parameter optimization results.
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Node [catchment: |  Outputfiekd [Flow_Totalmm) =] ™ convert ams to mm(Observed)
Name |D:Wnew’v\‘pangyo_oisw<:aﬁbraﬁonww_oz
Observation [D:WhewWpangyo_gisWCalbration Wosserved_2017 ;“T""“ =] [Observeddata ]
Smuate Term 20060101 ~| ~ [2008-01-01 ¥ Caibrate Term  [2007-01-01 =] ~ [2007-1231 |

Parameter | Result Table |Graph | Scatter |

Date Simulated | Observed B
5261 2007/08/08 04 0202 0.200
5262|  2007/08/08 05 0193 0197
5263 2007/08/08 06 0212 0220
5264 2007/08/08 07 1672 1778
5265 2007/08/08 08 3047 3197
5266  2007/08/08 03 1944 1926
5267 2007/08/0810 1.481 1.383
5268 2007/08/08 11 1147 1.020
5263 2007/08/0812 1.088 0947
5270, 2007/08/0813 0333 0887
5271 2007/08/0814 0338 0835 N
5272 2007/08/0815 0.897 0813
5273 2007/08/08 16 0.848 0762
5274 2007/08/0817 0807 0726
5275 2007/08/08 18 0.767 0693
5276 2007/08/0819 073 0664
5277 2007/08/08 20 0698 0637
5078  2007/08/08 21 0.668 0612
5279 2007/08/08 22 0540 0589 -

Generate | Run | Apply | Close |

Figure 5.47 Time series result after calibration

The following figure is a graphical result with parameter optimization results applied.

Node Catchment 1 - Output field  [Flow_Total(mm) ~| ¥ Convert ams to mm{Observed)
Name |D:Wnew’v\'pangyo_uis*‘6alibratiunWCa|_02

Observation ID;Wneprangyo_gisWCdibtaﬁonWObsmed_zul? o |[rable1 «| [observed data -

Suuatz'rerm|mo6m-n1 j ~ Jmna-oun j Calibrate Term |mn7-m-a1 j ~|200?-12-3k j

Paramster | Result | Table  Graph | scatter |

3
2.8 — Simulated
2.4
2.2

2]
1.8

1.6
1.4

02, | tlsll | hLﬂL S

2007/01/01 00 2007!63}'13 20 2007/06/11 0% 2007{69!03 22 2007/11/27 10

Generate | Run | Apply | Close |

Figure 5.48 Graphical result after calibration

The 1:1 dispersion is displayed as shown in the following figure and various statistical results
appear on the right side.
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-
Node Catchment 1 'I Cutput field IFIow_ToB\{mm) vI [ Convert cms to mm(Observed)

Name ID:Wﬂew‘v\l‘pangyogisWCa\ibraﬁonWCal_OZ |
Ohbservation ID:WneprangyoglsWCahbrahonWUbserved,ZU17 " ITab\e 1 LI IObSErVEd data LI
Simu\ane'rerm|2oos-01-o1 | ~|2003—01—01 | Calibrate Term |2007-01-01 | ~|2007-1z-31 =l

Parameherl REsuItl Table | Graph Scatter |

Scatter Chart Nash-sutdiffe efficency

3 U 0.9896

RMSE(R.oot Mean Square Error)

2.5 0.0001

- o .. MAE(Mean Absolute Error)

o

g . 0.0065
é 1.5 RB (Relative Bias)

-0.0081
al

VE (Volume Error)

0.5 -0.8063

R2 (Coeffident of determination)

I 0 0.5 i 1.5 2 2.5 3 20e

Simulated

Generate | Run | Apply | Close I

Figure 5.49 Statistical results after calibration

Apply: Finally, when the user presses the Apply button, the optimized parameters are applied
to the sub-catchment.
The following figure shows the results before optimization.

simulated [Link 1 v Field  [fiow_out(m'/s) | oo
i
Observed [Table 1 »| .. | Field |Observeddata bt
Statistics
Scatter Chart
. = Nash-Sutdiffe effidency
-0.7120
5.54
5 ° RMSE(Root Mean Square Error)
a5 0.0017
B r— < MAE(Mean Absolute Error)
o
= 3.5 ® 0.0464
3 e
2 3 '.f ®e . RB (Relative Bias)
2.5 M 3 - ° 0.6900
2 L 2
15 LR 2 o VE (Volume Error)
1 X * 69.0010
0.5 R2 (Coeffident of determination)
0 0.8432
0 0.5 ‘3 1.5 2 2.5 3
Observed

Figure 5.50 Statistical results before calibration
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Appendix : BASIC THEORIES of DWAT

A-1 Characteristics of the Model

The Dynamic Water Resources Assessment Tool (DWAT) accounts for water balance on
dynamic (hourly or daily) as well as static (monthly or yearly) bases. It can be applied to a
small or a mid-sized basin for water resources planning and management with consideration
of surface water as well as groundwater.

The DWAT classifies a watershed into hydrologically homogeneous sub-basins so that runoff
characteristics resulting from geomorphological factors can be objectively represented, and
infiltration, evaporation and groundwater flows can be simulated according to soil layers. In
addition, as the physical input parameters can be easily extracted by the GIS preprocessing
module within the system, it can be applied to areas in various hydrological, geophysical and
climatic conditions, such as tropical, rural, forest or newly developed urban areas.

The user interface of the model was developed for easy access and operation of the model and
it will help how to use the model to effectively simulate and analyze many scenarios
simultaneously.

Evapotranspiration, infiltration, runoff, groundwater movement and channel routing modules
were developed in the DWAT. Potential evapotranspiration can be directly loaded by
importing datasets from outside the system, or the Penman-Monteith method can be used to
estimate potential evapotranspiration. Vertical infiltration and flows in slope directions
relative to the hydraulic conductivity of soil can be considered. The limitations of existing
link-node type models in analyzing long-term runoff were supplemented in order to consider
groundwater movements in nodes. The Muskingum, Muskingum-Cunge and Kinematic wave
methods are used for channel routing. In addition, the model supports the analysis of runoff
processes in paddies and changes in water cycles resulting from water intake and water
transfers from/to rivers. These characteristics are summarized as follows:

» Physical parameter-based link-node type model

» Quantitative assessment of the characteristics of the short/long-term changes in
water cycle before and after development

» Separate runoff simulations for pervious and impervious zones

» Analysis of infiltration, evaporation, groundwater flows relative to soil layers and
groundwater aquifers and simulations of channel routing

» Runoff simulations reflecting the characteristics of rice paddy fields

» Provision of snowmelt module applicable to the Alpine region

» Simple, practical and easily accessible

» Guaranteed satisfactory results with minimal data and efforts

» Spatial analysis of subject regions is possible

» Parameters relative to urban development can be quantitatively estimated as
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physical parameters are used
» Easy user convenience system (GUI)

» Provision of results through diverse tables and figures

A-2 Concept and Structure

The DWAT classifies a watershed into hydrologically homogeneous sub-basins so that runoff
characteristics resulting from geomorphological factors can be objectively represented, and
infiltration, evaporation and groundwater flows can be simulated according to soil layers.

The runoffs from pervious zones and impervious zones are simulated separately in the DWAT.
The model can simulate essential hydrological modeling components in water cycles In
DWAT model, basins are divided into blocks that are considered to be uniform in terms of
groundwater depths or topography. The blocks are then divided into three parts (see table 1.1)

Table 1.1 Classification of ground surface in DWAT model

Classification of

Overview Corresponding module
ground surfaces

Impervious zone

Impervious zone Roofs or roads
module

Infiltration zones for land use such as forests,

Pervious zone
grasslands, urban green belts

Pervious zone module

Rice paddies have special soil and runoff

Rice paddy processes

In order to consider the interaction between groundwater and surface water in the DWAT, a
concept of partial runoff contribution regions (see Figure 1.1) was applied to generate the
different runoff responses in regions having low groundwater level in flatlands (i.e. sub-
catchments are principally divided into regions close to rivers (discharge area) and outer
regions (recharging area), see Figure 1.1). Comment [j29]: Review 13
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Figure 1.1 Catchment delineation in DWAT model

A-3 Modeling of Water Cycle Processes

The water cycle processes in DWAT were considered both of pervious and impervious zone.
In each zone, the infiltration, evapotranspiration and the movement of groundwater were
simulated. DWAT has one soil layer and unconfined aquifer layer in vertically. The intake
from aquifer is also considered.

The analysis module of DWAT are evapotranspiration, infiltration, runoff from catchment,
groundwater movement and channel routing. The evapotranspiration can be imported when
users have potential evapotranspiration already, or choose the Penman-Monteith method
embedded. The infiltration is calculated by the vertical/horizontal hydraulic conductivity.
Green & Ampt method and Horton method are also provided. The groundwater movement
between adjacent catchments and Muskingum method, Muskingum-Cunge method and
Kinematic wave method can be applied for river or channel routing.

A-3-1 Runoff
1) Impervious zones

The basic equation of the impervious zone module (see Figure 1.2, 1.3) is shown as follows:
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where,

When the precipitation is greater than the depression storage capacity, the surplus amount is
deemed to be the surface runoff. That is, the amount of water exceeding the depression
storage capacity becomes the surface runoff after comparison of the water depth on the
ground surface and the depression storage capacity. Figure 1.4 shows a conceptual diagram of

Precipitation, P
Evapotranspiration, E
Water .
Qmi - L

Supply
,-‘ Qp
l‘
Impervious Area Es ‘% %% % m— Qsf

1 Pervious Area

—

Soil Layer Qif
—b

Qlk
River
Qgf

- T Hr

Groundwater
Aquifer Layer

Pervious/Impervious Area

Fig. 1.2 Schematic diagram of water movement in catchment block

Ay = F-0 B
d’.{. - S:TRIJ a:‘mﬂ (1.1)

P : precipitation (mm/hr)
Simp : @amount of depression storage in an impervious zone (mm)

Dimp : surface runoff from an impervious zone (mm/hr)

a rainfall-runoff process and a surface soil layer model, respectively.

The model can use directly measured values of potential evapotranspiration or potential
evapotranspiration can be estimated from the Penman-Monteith method on the basis of users'
convenience. The Muskingum, Muskingum-Cunge, and Kinematic wave methods are used for
channel routing between blocks where the channel routing is required and it can be ignored

depending on users' needs.
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ll i l Evapotranspiration

Rainfall Meteerciohicdl data, Penman-kantaith)

Surface Runoff

| I Depression Storage

Figure 1.3 Concept of the impervious zone model

Calculation of Evapotranspiration — | _ aActual ET

- Potential ET
- Penman-Monteith

l

Calculation of depression storage — | _ gurface Runoff

- Hourly Rainfall

Figure 1.4 Flow chart of the calculation in the impervious zone model and the relationship

between inputs and outputs

2) Pervious Zone

Regions where infiltration is possible on the ground surface are largely composed of pervious
zone models (In general, runoffs to rivers are composed of surface flow, interflow and
baseflow) and groundwater models (Figure 1.5). Figure 1.5 shows conceptual diagrams of
rainfall-runoff process in soil layer model and groundwater layer models, respectively. The
flows in the soil layer are expressed using the Richards equation. The amount of water is
calculated by a simple numerical analysis method. Figure 1.6 shows a flow chart of the
calculation with the relationship between input and output in each step. The user may use
directly the values of potential evapotranspiration or the Penman-Monteith method can be
used for estimation of potential evapotranspiration in impervious areas, according to the user's
convenience. The user can select one method among the Muskingum, Muskingum-Cunge,
Kinematic wave methods for channel routing and the channel routing can be ignored
depending on the user's needs.

In pervious zones, the storage is divided into three types: storage in depressions, soil layer and
groundwater aquifer layers. The calculation is based on the following equations:

ﬂ:y—gl—g
it : : (1.2)
p 2 [ al (13)
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as,
—L2=R-D -B,

dt (1.4)

where,

S; : storage in depressions (mm/hr)

S, : storage in soil layer (mm/hr)

S : storage in groundwater layer (mm/hr)

Ds : surface runoff (mm/hr)

E; : evaporation from depressions (mm/hr)

E, : evapotranspiration from soil (mm/hr)

P : seepage into soil (precipitation) (mm/hr)

R : recharge (amount of descending infiltrating water) (mm/hr)

I : interflow (lateral infiltrating flows) (mm/hr)

Us : the amount of water recovered on the ground surface (mm/hr)

Dy : groundwater runoff (mm/hr)

P.1 : leakage from artificially water use (mm/hr)
(the sum of the amount of water for irrigation (only in the case of paddies)
and the amount of service water seepage, etc.)

P, : artificial water use pumped from aquifers (mm/hr)
(the sum of the amount of water pumped from wells and the amount of water

infiltrating into sewerage conduits, etc.)

ll l Evapotranspiration

REIH Fall (Matasn ogTal data, Panenan-konteaith}
Surface Runoff+=—— |

Interflow se—— Soil Layer

| infiltration
\J

Groundwater outilow e— Aquifer

Groundwater Movemen se—— At (Groundwater inflow

Figure 1.5 Concept of the pervious zone model

The following Figure shows a calculation process of hydrological modeling components
including evapotranspiration, vertical infiltration, lateral infiltration, returned flows and
groundwater runoff.
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¥
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Figure 1.6 Flow chart of calculation in pervious zone model and the relationship between

input and output

A-3-2 Infiltration

Three methods are applied for infiltration at pervious area in DWAT model. The first one is
the Rainfall Excess method (SHER User's Manual, 2001). Green & Ampt method and Horton
method (Horton, 1933) were also provided.

1) Rainfall Excess method

It is well known the infiltration rate through the ground surface is changed by the soil
moisture content. Generally, the rate of infiltration is higher at low soil moisture and the
speed is decreased when soil is saturated and is close to saturated hydraulic conductivity.
CAT model uses unsaturated hydraulic conductivity for vertical and horizontal infiltration.
And the Mualem(1978) equation which is also applied by SHER(2001) is adopted.

o) = |25V

" B, (1.5)
k= Ky k 8} (vertical direction) (1.6)
k= Fk8) (lateral direction) (1.7)

where,
£ : unsaturated hydraulic conductivity[cm/s]

k08 - relative hydraulic conductivity

K4 . vertical saturated hydraulic conductivity[cm/s]
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Ky horizontal(slope direction) hydraulic saturated hydraulic conductivity[cm/s]
# : Mualem’s coefficient

# - current volumetric soil moisture[cm’/cm’]
B, - saturated soil moisture[cm/cm]

B, : residual soil moisture[cm’/cir]

a) Vertical Infiltration

Although water in soil is drained vertically by gravity, if drainage continues to reduce
moisture contents, the unsaturated hydraulic conductivity of soil will decrease and thus
drainage will also decrease. In order to structure the relevant hydrological processes, they are
simplified by explicit differential calculations where AT (specified as one hour) is divided
into ten equal parts. The volume of soil moisture content is renewed successively. The
calculation procedure is as follows:

D Calculate the unsaturated hydraulic conductivity from the soil moisture content.

@ For dt(=AT/10), the unsaturated permeability coefficient is maintained (thus, the water in
the soil is drained in the direction of gravity). The flow velocity is assumed to be
(unsaturated hydraulic conductivity) x (1.0).

(@ Renew the volumetric moisture content of the soil by deducting the amount of drained
water from the soil moisture content.

@ Go back to @ and repeat this process.
T+aT
R= fT Ko~k (0t w8
where,
Ko : saturated hydraulic conductivity (m/hr)
K.(0) : relative hydraulic conductivity

0 : current volumetric soil moisture

b) Lateral Infiltration

The flow velocity vectors are generated in slope directions, and the water infiltrated into soil
is vertically drained by gravity, simultaneously. The flow velocity vector includes fast
interflows representing direct runoff and slow interflow components. The fast interflows
represent the flows that pass through large pores in the soil (holes made by animals or plants),
cracks, and waterways (called pipe flows). On the other hand, the slow interflows represent
the flows caused by infiltration that progresses constantly through the soil (which is called
lateral infiltration flows) and contribute baseflow.
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The flows in slope directions occur simultaneously with vertical infiltration. In order to
simplify the calculation of the flows in slope directions in this model, the vertical infiltration
is used to estimate the flows in slope directions. In addition, there are two assumptions in
order to consider the existence of pipe flows. The first is that the saturated hydraulic
conductivity in vertical directions and that of slope directions are assumed to be different. The
other is that the hydraulic conductivity in slope directions is assumed to be greater in general.
The calculation procedure is as follows:

(D Calculate the unsaturated hydraulic conductivity (slope direction) from the moisture
content of the soil.

(@For dt(=AT/10), the unsaturated permeability coefficient is maintained (thus, the amount of
flow based on the unsaturated permeability coefficient is calculated). The flow velocity is
calculated by (unsaturated permeability coefficient) x (slope degree of downslope).

(3 Deduct the amount of flow from the soil moisture content of the soil and then renew the
volumetric moisture content of the soil based on the result.

@ Go back to @ and repeat this process.

I+arl
I= f LA A O Y
T (1.9)

where,
Ko @ saturated hydraulic conductivity in slope directions (m/hr)
K«(0) : relative hydraulic conductivity

s : slope degree of downslope (dimensionless) Comment [j32]: Review 16

¢) Return flow

The excessive content of soil moisture is considered as return flow and it contributes to
generate surface flow when the soil moisture content is larger than the saturated moisture
content in the stage where the calculation of the lateral infiltration flows has been completed.
The calculation procedure is as follows: (Figure 1.7).

(D The moisture content of the soil is compared with its saturated moisture content in the
stage where the calculation of the lateral infiltration flow has been completed. The excessive
content of the soil moisture is considered as surface runoff when the soil moisture content is
larger than the saturated moisture content.

@ The water depth in the ground surface is compared with the depression storage capacity
and the amount of water exceeding the depression storage capacity is considered as surface
runoff.
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Calculation of lateral infiltration

Current volumetric
moisture content

>
Saturated moisture
content

Renewal of surface water depth

Water depth
>

Depression storage

ouT

Return flow - surface runoff

l

Renewal of volumetric moisture content
and depression storage

Figure 1.7 Flow chart of the calculation of return flows

2) Green & Ampt method

When infiltration begins into the soil of initial soil moisture 8i, then the soil moisture will
increase until saturated 0s as the wetting front passed. Therefor the initial moisture deficiency
(IMD) is the difference between 6s and 6i. And applying the Darcy equation, the infiltrated
flux may be expressed

fog LtS
Te ™ ey (1.10)

Where Ks: saturated hydraulic conductivity, L: depth to wet front from surface, S: capillary
suction head the cumulative infiltration is expressed by the depth of increased water depth in
the soil.

Flt)=Lf,—6,) = L~ IMD (L.11)
To combine and rearrange above two equations, eq. (1.12) may be derived and given Ks, t, S,
IMD, F(t) can be calculated using eq. (1.13). The Ks and S are defined by the soil type and 8s
is equivalent to porosity of soil.
flt =011+ 5~ IMD/Fit])

dp

(1.12)

Flz) )

Flt) = K+ (§> IMD) > In (1 + (1.13)
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3) Horton method

Horton(1933) suggested an empirical equation that infiltration begins at a constant rate, fo,
and is decreasing exponentially with time, t. After some time when the soil saturation level
reaches a certain value, the rate of infiltration will level off to the rate fc.

fo=f+ i, —fle® (1.14)

where,
fo: infiltration capacity at time t (mm/hr)
fo: initial infiltration rate or maximum infiltration rate (mm/hr)
f: the constant or equilibrium infiltration rate after the soil has been saturated or minimum
infiltration rate (mm/hr)

k: decay constant specific to the soil (hr™)

Using Eq. (1.14), cumulative infiltration F(t) is approximately calculated.

= fu Tft,dtZ f :fc di+ f DT(fo—fc)e- oty

_ 1., -k
—f;T‘Fk(fo f;)(l e ) (1.15)

For more information about Horton method, see textbooks as Viessman and Lewis (1977) or
Bras (1990).

A-3-3 Groundwater

Equations 1.16 and 1.17 shows the relationship between river stages and groundwater levels.
Equation 1.17 is used when a river stage is higher than surrounding groundwater levels and
equation 1.16 is used in other cases. That is, water flows into the river depending on the
hydraulic conductivity where the groundwater level is higher than the river stage as shown in
Figure 1.8(a). On the other hand, the water percolates from the river to the aquifer where the
river water level is higher than the groundwater level as shown in Figure 1.8(b). However, in
the case of recharges, maximum limits are established so that recharges would not reach more
than the amount of water in the channels while renewing the values of groundwater levels
using equation 1.19.
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Groundwater level

(a) Cases where the groundwater level is higher than the river water level

Groundwater level

(b) Cases where the river water level is higher than the groundwater level

Figure 1.8 Conceptual diagram of the interaction between groundwater and surface water

Qe = by Ay (1.16)
o
b (1.17)

where,

Qq : inflow into the river or recharges from the river (m'/s)

ko : saturated hydraulic conductivity of riverbed material (m/s)

Apeq : SEEpage area (m’)

bped : thickness of riverbed material (m)

Hrivee © riverbed elevation (m)

h @ initial water level of river (m)

ah

Q=I5 1= T

(1.18)
where,
Qg : groundwater flow (groundwater movement between adjacent sub-catchments)
(m'/s)
Ko : saturated hydraulic conductivity of aquifer (m/hr)
2k
3 - slope of groundwater level, hydraulic gradient (dimensionless)
¢ : conjuncted length between divided catchments (m)

T : average aquifer thickness in the catchment (m)

Paty)
A [ ] —_— = . —_
5 it @in ™ Cowe (1.19)
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where,
Qin : inflow into the aquifer (m'/s)(recharge)
Qout : outflow from the aquifer (m'/s)(pumping)
A : catchment area (m’)

S : storage coefficient(dimensionless)

h : groundwater level (m)

A-3-4 Evapotranspiration
1) Penman-Monteith Method

The Penman-Monteith is used to estimate the potential evapotranspiration from soil,
vegetation covers, transpiration and sublimation. The Penman-Monteith method considers the
energy necessary to maintain evapotranspiration, the intensity of the mechanism to remove
steam, aerodynamic resistance and factors to explain surface resistance.

oo (Ho = Gl o, 20 —e )i,

AE= Sty Q47 r,) (1.20)

where,
*: latent heat energy (MJm-2d-1)
&: depth of evaporation rate (mm/d)

£ slope of saturated vapour pressure-temperature curve de/dT (kPa/C)
H se: net radiation (MJm-2d-1)

G: heat flux density to the ground (MJm-2d-1)

P air density (kg/m’)

©s: specific heat at a certain pressure (MJkg-2d-1)

€. saturated steam pressure at height z (kPa)

€:: steam pressure at height z (kPa)

. the psychrometric constant (kPa/C)
2: vegetation coverage resistance (s/m)

5 air layer diffusion resistance (aerodynamic resistance) (s/m)

The actual evapotranspiration is estimated based on the following process.

@ The possible amount of evaporation during rainfalls is assumed as zero.
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@ The actual evaporation is obtained using Equation 1.21 when the saturated potential
evapotranspiration is assumed as the maximum limit.

Tp=Fk- & (1.21)
where,
k = constant that is related to months or seasons

(3 The possible amount of evaporation is compared with the actual evaporation obtained from
the previous step 2. The surplus is assumed as the possible amount of evaporation from the
soil where the possible amount of evaporation is larger.

@ The possible amount of evaporation from the soil is compared with the moisture content of
the soil in order to obtain the actual evaporation using the moisture content of the soil as the
maximum limit. This value is then added to the evaporation from the depression storage
obtained from the step @ and the resulting value is assumed as the actual evaporation from
the basin.

(® The volumetric moisture content of the soil is renewed by deducting the actual evaporation.

2) Hargreaves Method

The Penman-Monteith is used to estimate the potential evapotranspiration from soil,
vegetation covers, transpiration and sublimation. The Penman-Monteith method considers the
energy necessary to maintain evapotranspiration, the intensity of the mechanism to remove
steam, aerodynamic resistance and factors to explain surface resistance.

The Penman-Monteith equation ranges from the most complex energy balance equations
requiring detailed climatological data (Penman-Monteith, Allen, 1989 ) to simpler equations
requiring limited data (Blaney-Criddle, 1950, Hargreaves-Samani, 1982,1985). The Penman-
Monteith equation is widely recommended because of its detailed theoretical base and its
accommodation of small time periods. However, the detailed climatological data required by
the Penman-Monteith, are not often available especially in developing nations. Even in more
developed nations, the climatological data are often limited. Hargreaves equation is one of
empirical methods for reference ET using air temperature data.

The Hargreaves method was originally derived from eight years of cool season Alta fescue
grass lysimeter data from Davis, California (Hargreaves, 1975). Several improvements were
made to the original equation (Hargreaves and Samani, 1982 and 1985). It has a link to solar
radiation.

ET, = 0.0023 X Ry X TD%® x (TC + 17.8) (1.22)
where:

Ra : mean extra-terrestrial radiation [mm/day], which is a function of the latitude

(Figure 1.9)
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TD : temperature difference = maximum temperature - minimum temperature [ C].

TC : mean air temperature [C].

This equation gives reasonable estimates of reference crop evapotranspiration because it has a
link to solar radiation through Ra and takes into account the impact of radiation warming the

surface near the ground by the term, TD.
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Figure 1.9 mean extra-terrestrial radiation according to latitude

A-3-5 Channel Routing

The Muskingum, Muskingum-Cunge and Kinematic wave methods are used for channel

routing to convert the hydrologic curve of inflows into the outflow hydrograph in channel

sections.

1) Muskingum Method

The Muskingum method is a flood routing method used by McCarthy in order to establish
flood control plans for Muskingum Conservancy District by the US Army Engineer Corps.
The Muskingum method divides the total storage in the area into the prism storage in order to

consider the effect of the flood inflows on the storage during the routing period. The wedge

storage is shown in Figure 1.9.

In this method, the prism storage is proportional to the runoff

only while the total storage includes the wedge storage as indicated by the following equation

1.22.

wedge storage

prizm siprage

=K

110
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Figure 1.10 concept of wedge storage and prism storage

S=HKO+Er(I- O
)

Klal+(1—x

)
a1l (1.23)
where,
K : proportionality coefficient, this is a storage coefficient that indicates the ratio of the

storage to the outflow in the routing section, including a temporal dimension (hr)

X : weighting factor on inflow versus outflow (0<x<0.5), this is a dimensionless constant

that indicates the relative importance of the inflows and the outflow contributing to the

total storage in the routing section (0<x<0.3 in natural stream)

The value of x depends on the shape of the modeled wedge storage. It is zero for reservoir
type storage (zero wedge storage or level pool case S = KO) and 0.5 for a full wedge. In
natural streams mean value of X is near 0.2. The parameter K is the time of travel of the flood
wave through the channel reaches also known as storage time constant and has the dimensions
of time.

2) Muskingum-Cunge Method

The Muskingum-Cunge method is a revision of the Muskingum method (based on kinematic
waves) into a quasi-diffusion model predicting the attenuation of hydrolograph through
parameter calculations for flood routing. In the Muskingum-Cunge method, since the
continuity equation with lateral inflows is dispersed as shown in Figure 1.10 on the x-t plane,
it is indicated by equation 1.23 as follows:

- 1
E eo——
=
1 Qjtr1 Q541,041
t Qj-‘: Qj+ 1t
i j+1 x

Figure 1.11 Dispersion of Muskingum-Cunge model variables on the x-t plane

TH= G+ GO+ GO+ GQ (1.24)
o = —EE-GbA) - (Kr4050t)
o K—Kp + 066t 9 = “K_Ii f 0bot
G = K—FKr— 0bat | K—Ku—05At
T OK—HKp+ 05nd P E—EKr+05At
At i
Ei—z) - 068

where,
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Co, Cy, Cy, Cs: routing coefficient

2) Kinematic Wave Method

In many cases the dominant forces in natural streamflow are gravity and frictional force and
the other forces are negligible. Unsteady non-uniform flow approximation is based on this
assumption to route flows and its governing equation is made using the Manning's formula as
the following equation 1.24.

1
=_ g Eu"3.5‘1."2 = pdm
Q=g Bems (1.25)

% + “m‘dim_ﬁ% - (1.26)
where,

B : channel width (m)

y : water depth (m)

S, : riverbed slope

A : flow cross-sectional area (m’)
q : lateral inflows (m'/s)
& m : coefficients that are determined by the flow characteristics and roughness

coefficient of the channel

\In Kinematic Wave method, hydraulic radius can be approximated by water depth only in the
case where channel width is much larger than water depth.

A-3-6 Paddy

Precipitation, P

Irrigation Wirr l

Supply r\ a

Evapotranspiration, E

Surface drain

Ep Qs
e 5

Paddy Filed
Bs o Q0
Soil Layer Underground drain pipe
(R — C:
Drainage
Channel/River

Qg

Groundwater
Aquifer Layer

Paddy Area

Fig 1.12 Concept of rice paddy fields
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To simulate runoff processes in paddy fields, the paddy area in a catchment was divided into
one soil layer and one ground aquifer as with infiltration regions. Additionally, artificial

drainage facilities were included in the soil layer in order to reflect drainage culvert in paddies.

It reflects the fact that surface runoff in paddies occurs through surface drainage management.
Thus the module was developed to designate monthly surface drain weir (Mulggo) heights.

The equation related to surface drain in paddies is given by:

Q. =0y (H—H,) (H>H)
@ =0 (H, < H) (1.27)

where,
Qs : discharge from surface (m'/sec)
o, : drainage coefficient of surface drain weir in paddy (mm®°/hr)
Hs: ponding depth of paddy (m)

H,: height of surface drain weir of paddy (m)

According to eq. (1.26), the surface drain weir can be occurred when the ponding depth is
higher than the height of surface drain weir.

The equation related to drainage culvert in paddies is given by:

e = min| K(B),o,  H,+H,, | (1.28)
where,
Qs : discharge through underground culvert(m'/sec)

K(0) : hydraulic conductivity(mm/hr)

a, : runoff coefficient of underground culvert(mm®%/hr)
Hs: ponding depth of paddy(m)
Hso: soil depth of paddy(m)

A-3-7 Wetland

Wetlands reflect vegetation and evaporation from water surface. The module was designed to
have any amount of water exceeding the storage capacity of wetlands overflow and discharge
to the downstream. In addition, it was designed to have water to be discharged from wetlands
to the downstream based on certain criteria. Equation 1.28 represents the governing equation
of wetlands.

DWAT-User’s Manual v1.1 113

Comment [j42]: Review 24

Comment [j43]: Review 25



a5
= YT Vtin ~ oy T EE

(1.29)

where,
Sw : storage in wetland (m’)
Qw : inflow into wetland (m'/s)
Qwdis : outflow from wetland (m'/s)
Qwovf : overflow from wetland (m’/s)

R : rainfalls onto the water surfaces of wetland (mm)

E : the evaporation from the water surfaces of wetland (mm)
Precipitation, P

Evapotranspiration, E

Inflow from source node

Qin L
N Wetland Overflow

Recharge, Ig

Fig 1.13 Concept of wetland

A-3-8 Reservoir

In the case of reservoir, evaporation from the water surface is considered. The reservoir
storage, water level, and discharge are calculated using the initial storage, effective storage,
intake (here, water is taken only when the storage is at least 20% of the effective storage
volume), the specifications of spillways and a discharge outlet in the reservoir.

Storage and water levels for both of the types are renewed by inflows based on the
relationships of stage-storage-area.

ds;
& = Qa B Qﬂ‘eﬁa_ anﬂf-l_R_E

(1.30)

where,

Ss : storage of pond (m’)
Qs : inflow into pond (m'/s)

Qdis : outflow from pond (m’/s)
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Qsovf : overflow by the spillway of pond (m'/s)

R : rainfall onto the surface of pond (mm)

E : evaporation from surface of pond (mm)

Precipitation, P

Evapotranspiration, E Water Supply, S

Inflow from source node

Qin k

Online Pond

gfliway overflow

Qsp

Downstr@éam release

[ Qout
Recharge, Ig

Fig 1.14 Concept of reservoir

A-3-9 Recycle and Import

A recycle node was planned so that water can be taken from rivers and supplied to catchment.
It was assumed that recycle would be supplied to demanding regions based on the purposes of
water use, including the water extracted for environmental flow in the river and supplied to
any upstream or downstream regions. In addition, the model was designed to reflect water
supply from outside of catchment.

Qin / %mport
|

Fig 1.15 Concept of recycle and import
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