Rainfall-Runoff-Inundation (RRI) Model Usage Guidelines
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1. Introduction

1.1.  Purpose of hydraulic model applied to North Macedonia
1.1.1 Expected hydraulic model users and purpose of use

- CMC (Risk evaluation, Damage evaluation, Early warning)
- HMS (Hazard evaluation, Early warning)

- PENF (Evaluation of effect of forest conservation for flood control)

1.1.2 Objectives of using hydraulic model

- Flood hazard evaluation

- Flood risk evaluation

- Evaluation of effect of countermeasures (forest conservation, river facilities)
- Flood damage evaluation (assessment)

- Application to Crisis Management System

- Application to Early Warning System

1.2. Appropriate hydraulic models to meet the purpose

With considering the purpose of using hydraulic model, it is necessary to carry out the
following analysis.

- To input time series data of rainfall causing a disaster.

- To calculate the amount of runoff from the basin to the river with taking into consideration
rainfall and land use in the catchment.

- To compare the runoff amount and the cross section of the river, and to calculate the amount
of flooding in the protected inland from the point where the river capacity is insufficient.

- To analyze the extent of inundation in the floodplain using time series of amount of flood.

- To output the calculation result (depth change, maximum depth, etc.).

- License free software will be used for hydraulic model development.



1.3.  Selection of hydraulic model

Several hydraulic models that have been used in various parts of the world with free software

are extracted. Operation System, necessary hardware specifications,

data, existence of manual and usability were compared.

required input / output

Models HEC RRI iRIC
Run-off HEC-HMS (Hydro Modeling System) | RRI (Rainfall-Runoff-Inundation) SRM (Storage Routing Model)
Flood HEC-RAS (River Analysis System) RRI -

Inundation

HEC-RAS

RRI

Nays2D Flood

Run-off model

Distributed parameter run-off model

Distributed parameter run-off model

Storage routing model

Hardware
Requirements

Intel i3 or more
Memory: 1GB/4GB
Disk space: 120MB/1GB

Unknown
(PC is available)

Unknown
(PC is available)

Input data

[HEC-HMS]
Precipitation, Discharge, Stage, etc.
Elevation-discharge relation, etc.
Cross section
Elevation, etc.

[HEC-RAS]
Geometric data
(River system schematic, cross section,
terrain model, culvert, etc.)
Flow data (Result of HEC-HMS)
Boundary conditions
(Water level of downstream)

DEM

Precipitation

Watershed information
(Land use, soil type, etc.)
Cross section of river

[SRM]
Precipitation, Discharge
Watershed information
(Area, Model constants)
Boundary conditions
(Water level of downstream)

[Nays2D Flood]
EM
Precipitation (Option)
Floodplain conditions
(Roughness, road embankment, etc.)

Export GIS data

Availahl

Availahl

Users

US, Asia, Europe

Japan, Asia

US, Asia, Japan

Remarks

[HEC-HMS]
Should select appropriate method from
lots of choice

9

+ Canopy method (4 available choices)
« Surface method (3 available choices)
+ Loss method (12 available choices)

+ Transform method (8 choices)

+ Baseflow method (6 choices)

* Routing method (7 choices)

Run-off and Inundation processes are
analyzed integrally

Not necessary to prepare cross section

+ Loss/gain method (3 choices)
Difficulty of handling Ditficult Relatively easy
Input data Ordinary Ordinary
Result A AA B

RRI (Rainfall-Runoff-Inundation) model is selected as hydraulic model to adopt to North

Macedonia.



2. RRI'model preparation (0 rri_ 4 2.exe)

2.1.  Features of RRI model

The RRI model has the following features.

1) Runoff and inundation (river setting is important) processes are calculated in a unified
manner.

2) Model created with grid (grid size is set arbitrarily for rainfall data, watershed model, river
channel model, constants, etc.)

3) The calculation method in the soil differs between “the lateral subsurface flow” - dominant
(for mountainous area) and “the vertical infiltration storage” - dominant (for flat area)
depending on land use (the same constant can be set).

4) If the river model is not set appropriately, the discharge will change due to inundation.

5) Folder structure and the files to be placed are defined (calculation cannot be executed if
the specified file does not exist).

6) The current model cannot calculate lateral flow when vertically infiltrated, and cannot
calculate vertical flow when infiltrated laterally (unpermitted area = surface flow
calculation unless vertically and laterally infiltrated).

7) Setting of river channel model is important for runoff and inundation calculation.

8) Since there is no initial loss (concave loss, trunk blockage, etc.), surface flow occurs even
in small amount of rain.

9) If surface flow occurs, the discharge cannot be reduced except for the equivalent roughness

coefficient (the equivalent roughness becomes larger).

2.2. Outline of RRI model

Outline of RRI model can be described as follows:

1) RRI (Rainfall - Runoff - Inundation) model is a two-dimensional model that can
simultaneously simulate rainfall, runoff and flood inundation.

2) The model handles the slope model and the river channel model separately. A grid cell with
a river channel assumes that both the slope model and the river channel model are located
in the same grid cell

3) The river channel model is discretized as a single line along the grid cell center line of the
slope model

4) Surface flow on the slope model is calculated using the 2D diffuse wave model, and the
river channel model is calculated using the 1D diffuse wave model.

5) The slope model is divided into a mountainous area and a flatland area.



6) In the mountainous area, the mass balance formula (flow rate — flow cross sectional area
relationship) is used in which both the unsaturated / saturated lateral flow and surface flow
are taken into consideration.

7) On the other hand, in the flat area, the Green-Ampt model is used for the vertical seepage
flow, and the surface flow is also calculated using the 2D diffuse wave flow.

8) Furthermore, it is possible to set the impervious zone (only the surface flow) when there is
no side flow or vertical flow.

9) From the above, the calculation method is divided into three areas: 1) lateral seepage areas
(expressed as mountainous areas), 2) vertical seepage areas (expressed as flat areas), and
3) non-permeable areas.

10) The flow interaction between the river channel model and the slope model is calculated
based on different overflow equations depending on the water level and dike height

conditions.

2.3.  Qverview of folder structure of RRI model
1) The RRI model downloaded here is the (RRI 1 4 2 3) version.
2) The downloaded version (RRI_1 4 2 3) of the RRI folder is structured as follows:

Presetting Frd Il T2 -
RRI-CUI Jrll JalS -
RRI-GUI Jrdll JalS -
Terms_of_Agreement Jrdll JANA -
__,ﬂ 00_Readme.fxt TXT T4 )l
e RRI_Manual.pdf PDF J74 )l

3) When using for the first time, use according to "2.4RRI model installation method".

4) There is a “Project” folder in “RRI-GUI”, so create your own project folder there.

2.4.  How to install RRI model

Step 1: Copy “RRI” folder

1) Copy "RRI" folder from the USB memory and paste it under "C:¥" (The folders shown in
"2.30verview of folder structure of RRI model" will be created)

- Presetting: Library for running RRI model

- RRI-CUI: RRI model with command user interface (for advanced users)

- RRI-GUI: RRI-model with a graphical user interface

Step 2: Confirm your PC (32-bit or 64-bit)



1) Check if your PC is 32-bit or 64-bit
2) When using the RRI model, use software that matches the bit (32 or 64) of your PC.

Step 3: Install the library
1) The following files are in the Presetting folder
- Intel Fortran Redistributable Library Package (w_fcompxe_redist)

- Visual C++ redistributable package (vcredist)

2) Please click the following file according to your PC
- 64-bit machine: Install ‘w_fcompxe_redist_intel64.msi’ and ‘vcredist_x64.exe’

- 32-bit machine: Install ‘w_fcompxe_redist_ia32.msi’ and ‘vcredist_x86.exe’

3) If Intel Fortran is not installed on your PC, click on the following file

(The library required to run RRI programs compiled with Intel Fortran)

- ‘RRI/RRI-CUI/etc/w-fcompxe/w_fcompxe_redist_intel64_2013.5.198.msi’ (for 64 bit)
- ‘RRI/RRI-CUI/etc/w-fcompxe/w_fcompxe_redist_ia32_2013.5.198.msi’ (for 32 bit)

2.5.  RRI model folder structure and important files

2.5.1 Folder structure

The RRI model folder has the following structure (can be added and cannot be reduced)

Root folder (“RRI_***+++)
L |Subfolder (“Project” - Generally this name)|

L ‘Sub-subfolder (project name)‘ 1

- bound”
- finiq
- foud
- frain]
- i
|_*7

*1: RRI_input.txt (control of the entire RRI calculation)

*2: Folder for the boundary condition (file structure unknown at this time)
*3: Set moisture value of each grid at the start of calculation

(Use of one-time data of OUT where calculation results are stored separately)
*4: Calculation result files are output

(If you don’t delete all files before the calculation, the viewer may become unusable.)



*5: Folder for rain data and rain station Thiessen data
*6: Folder for river shape

*7: Folder for basin structure

2.5.2 Important files
1) Root folder (“RRI_*#**#**”)
- ‘RRI_BUILDER_v4-64.exe’ (for data creation)
- ‘RRI_VIEWER_64_v140.exe’ (for checking calculation results)
2) Subfolder (“Project”)
- No important files
3) Sub-subfolder (project name)
-“0_rri_1.4.2.exe’ (RRI model calculation)
- ‘rainThiessen.exe’ (RRI model rainfall creation)
- ‘RRI_input.txt’ (calculation control)
- ‘RainThiessen.txt’ (rainfall control)
- ‘time.dat’ (calculation start year/month/day/hour)
4) “bound” folder
-Unknown file format
5) “init” folder
- Operates if there is no file (starts with zero moisture in each grid)
6) “out” folder
-The calculation result is output (make empty before starting the calculation)
7) “rain” folder
- ‘rain.dat’ (rain)
- ‘rain_Map.txt’ (Thiessen map)
8) “riv” folder
- Operates if there is no file (river data created in advance)
- ‘depth.txt’
- ‘heigt.txt’
- ‘width.txt’
9) “topo” folder
- ‘dem.txt’
- ‘acc.txt’

- “dir.txt’



3. Basic knowledge of maps used in RRI model

3.1. Global geodetic system
- The global geodetic system can be applied to the entire earth within the geodetic system.

- The difference between them is quite small

Among them, typical geodetic systems are shown below.
- US geodetic system: World Geodetic System 1984 (WGS84)
-International Terrestrial Reference System (ITRF) (ITRF94, etc.)

3.2.  Coordinate system

- The agreement of the origin and coordinate unit for representing the position on the earth
with coordinates is called “the coordinate system”.

-Expressing coordinates according to this agreement makes it easy to overlay and express
multiple GIS data

- Coordinate systems handled by GIS include ‘geographic coordinate system’, ‘projected
coordinate system’, and ‘vertical coordinate system’. Among them, geographic coordinate

system and projected coordinate system will be explained.



B Geographic coordinate system

- The geographic coordinate system is a coordinate system that expresses a 3D position on
the earth in latitude and longitude.

- Latitude is 90 degrees each in the north-south direction with the equator at 0 degrees.

- Longitude is expressed up to 180 degrees in the east-west direction, with the meridian called
the prime meridian being 0 degrees.

- Latitude is expressed as an angle in the geographic coordinate system with the center of
gravity of the earth as the origin.

- The latitude represents the relationship between the “origin”, “equator plane”, and “target
position” as an angle (40 degrees north latitude in the figure).

- Longitude expresses the relationship between the “origin”, “prime meridian plane”, and

“target meridian plane” as an angle (50 degrees east longitude in the figure).




B Projection coordinate system

-The projected coordinate system is a coordinate system that projects the 3D Earth onto a 2D
plane and expresses it in XY coordinates.

-The method of projecting in 2D is called map projection, and there are various projection
coordinate systems depending on the projection method used and the origin to be set.

-The coordinates in the projected coordinate system are determined by the distance (meters,

etc.) from the origin in the XY axis direction.
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B Characteristics of geographic coordinate system and projected coordinate system

@ Characteristics of geographic coordinate system

- The geographic coordinate system has the advantage that it can manage a wide range such
as the whole country or the world as one data with a certain scale, but none of the distance,
area, or angle is accurate when they are represented on a plane, because it is expressed in 3D
angles.

- The following figure is a map in which a circle of the same size drawn on the Earth's surface
is displayed in 2D in the geographic coordinate system.

- The shape changes to an ellipse depending on the region, and the size is different, so you

can see that the area and angle etc. are not accurately expressed.

10



@ Characteristics of projected coordinate system

- The projected coordinate system has the feature that it can accurately express either distance,
area, or angle, depending on the projection method used.

- Therefore, the projected coordinate system is used for map representation with correct
shape, drawing of figures, analysis by distance and area, etc.

- The following figure is a map of a circle of the same size drawn on the Earth's surface,
projected using the Mercator projection, which is a type of regular projection (a projection
that corrects the angle).

- In this example, it can be seen that the shape is still a circle in every region and the angle
can be expressed correctly.

- However, the size of the circle varies depending on the region, and you can see that the area
cannot be expressed correctly.

- Therefore, it is necessary to select a projection method that matches the element you want

to accurately represent.
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4. Basic data creation method of RRI model

4.1.

Basin mesh data creation method

(1) Check river basin range (range of longitude and latitude)

- Confirm the target river basin area in the longitude and latitude by Googlemap etc.

- The range is rectangular and the coordinates of the four corners are calculated.

- The river basin map shown below is an example from North Macedonia.

Coordinates of Northwest 4)|

|Coordinates of Southwest —|

e Y
oo
SV ik

S k%ff e
\\ X T
\ml q A

“"%} o

%‘ %ﬁ

(2) DEM in latitude and longitude creation flow

| <—Coordinates of Northeast

| <—Coordinates of Southeast

- The outline of creation of DEM in latitude and longitude is shown in the following figure.

- In the figure, red disk files represent files created by the user.

- Blue disk files represent public data available from the Internet.

- “* 90’ indicates the source code.
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alos30mcsv.f90
or srtmgl3csv.f90

\4
| mioemsoo |
v
| mkorsoo |
v
_.| maccroo ]
- <.
mkLUSE.f90 M + W
mkMASK.f90 |
% % \ 4 A\ 4
dir.txt acc.txt cover.txt

dem.txt
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(3) How to get DEM in latitude and longitude
- There are two sources of DEM in latitude and longitude: “ALOS” and “HydroSHEDS”

- Here is how to get each.

(a) ALOS global numerical surface model (DEM)

@ Data acquisition destination (1-second (about 30m) data)
- Download 30m mesh DEM data from the following site.
https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm

BB ALOS Global Digital Surface Moc X =
€< > C O [ & https//www.eorcjaxajp/ALOS/en/aw3d30/index.htm %) O e
- o Home| Site Map| Contact Us| Japanese m
- i i
i Ve o
- Advanced Land Observing Satellite/®,6,0, DAICHI-2:
25 V7 R <\
XA
N
Image Library Home > Dataset > ALOS Global Digital Surface Model "ALOS World 3D - 30m (AW3D30)"

ALOS Global Digital Surface Model "ALOS World 3D - 30m (AW3D30)"

ALOS-2 Project

Full Screen

Calibration&Validation

ALOS
Observation Strategy

""'
X

Use DATA
ver 2.2
ver 2.1
ver 1.1
ver 1.0
O GSI Map

Dataset

Conference
& Workshop

Kyoto & Carbon
Initiative

Research
Announcement

& F R © AXA
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@ Data specifications / Download method
- DEM data specifications and download methods are as follows

- Download all data within the rectangular area (latitude and longitude) that covers the basin

B8 ALOS Global Digital Surface Moc X+ = X

< C ¥ @ eorcjaxajp/ALOS/en/aw3d30/index.htm % O e

3. Data set details -

Product: ALOS World 3D - 30m (AW3D30) Version 2.2

Resolution: 1 arcsecond (approximately 30 meters mesh)
File Unit: 1 x 1 degree Latitude/Longitude Tile
File DSM file: Height above sea level (average value of source AW3D is adopted)
Composition: MsK file: Mask information (Cloud and snow, Land water and low correlation, Sea, DEM
information for complement processing)
STK file: Stack number of DSM scenes used to produce source AW3D DSM
QAI file: Quality assurance Information.
HDR file: Meta data about the product
LST file: List of Scene IDs used to produce source AW3D DSM

* Detailed information: AW3D30 Version 2.2 Product Description (PDF file, 590KB)
* Validation result of height accuracy: Please refer to "8.References".

4. Download

The dataset is downloadable from following;

https://www.eorc.jaxa.jp/ALOS/en/aw3d30/data/index.htm

To download the data files, you are kindly requested to make your account in the AW3D30
homepage.
* If you forget your password, please register again.

User Registration
1. Please fill the form in the following URL and send it. Especially please check your email address
again.

https://www.eorc.jaxa.jp/ALOS/en/aw3d30/registration.htm

B8 ALOS Global Digital Surface Moc X+ = X

< C @ @ eorcjaxajp/ALOS/en/aw3d30/indexhtm * 0 @

‘

The dataset is downloadable from following;

https://www.eorc.jaxa.jp/ALOS/en/aw3d30/data/index.htm

To download the data files, you are kindly requested to make your account in the AW3D30
homepage.
* If you forget your password, please register again.

User Registration
1. Please fill the form in the following URL and send it. Especially please check your email address
again.

https://www.eorc.jaxa.jp/ALOS/en/aw3d30/registration.htm
2. The notification of registration completion will be sent to your email address. Please access to the

URL described in the email and then your account will be activated.
3. After the account activation, we will send your account information to your email address.

JAXA will not use personal information that you registered for any purpose other than "ALOS World
3D"(AW3D).

* Recommend to use Internet Explorer, Google Chrome, Microsoft Edge, Apple Safari.
* Depending on the time, it may take time to display the page or download the dataset.

Terms of Use fi S Global Digital Surface Model (AW3D30)

This dataset is available to use with no charge under the following conditions.

= When you provide or publish any products and services to a third party using this
dataset, you are kindly requested to display that the original data is provided by JAXA.
= When you publish the product(s) using this dataset, you are kindly requested to show
the copyright (©JAXA) and the source of data. v

15



@ Data conversion method

- Conversion is generally done on Linux and may be possible on Windows, but it will be quite
difficult.

-Download ‘aw3d30_srtmhgt.zip’.

- ‘gdal’ is required for data conversion and set as follows.

sudo apt install gdal-bin

B8 ALOS Global Digital Surface Moc X+

< C ¥ @ eorcjaxajp/ALOS/en/aw3d30/index.htm % O e

(4) Data conversion

= Sample script for format conversion from AW3D30 DSM GeoTIFF to SRTM HGT format
(Update:March 15,2019)

Download : aw3d30_srtmhgt.zip

This is a sample script to convert AW3D30 DSM file (GeoTIFF) to SRTM HGT format. The sample
script use the GDAL for format conversion. Please prepare an environment which can use GDAL. For
usage, please refer to "readme-en.txt" composed in the zip file.

(a) System requirements
This sample script operates with Linux system, and requires "GDAL", "bash", and "awk". We also
confirmed that the script works on the following environment except for Linux system.

Windows10 + Cygwin 2.8.2 ( https://www.cygwin.com/ )
Windows10 + OSgeo4W ( https://trac.osgeo.org/osgeod4w/ )

(b) Note: Usage of script

To perform resampling of the edge portion of the tile accurately, AW3D30 for input is needed the tile
which is not only the tile you want to convert but also surrounding tiles. Please prepare the AW3D30
data for larger areas than your interest.

(c) Disclaimers
Regardless of the reason, JAXA shall not be made liable for any damage or loss as a result of the use
of this sample script.

7. Contact

ALOS Science Project
Earth Observation Research Center (EORC)
Japan Aerospace Exploration Agency (JAXA)

E ennile mmmiamtAian i

@ Data conversion execution
- Execution command: ‘bash aw3d2strm.sh’

- Directory structure:

[finput] NO41E022_AVE_DSM.if
Easting Northing  bytes bytes  integer*2 iheight(0:3600,0:3600)
[output] N41E022.hgt 3601 3601 2 25,934,402 read(1) ((iheight(i}),i=0,nx)j=0,ny)
N41E022 hgt.aux.xml

aw3d2srtm.sh

16



(b) HydroSHEDS data
- Download 3D, 15sec, 30sec grid DEM data from the following site.
https://hydrosheds.cr.usgs.gov/index.php

- 15 sec / 30 sec grid DEM data is stored in the “RRI model” directory.

2 USGS|

science for a changing world

Amazon
Basin

Overview

Data Sources

Data Set Development
Quality Assessment
Data Availability

Data Formats

Notes for Users Click “DATA DOWNLOAD”

References

Disclaimer

Reader is

HydroSHEDS

Global river network
oo Exm SOTALL
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Data Downloads

Data to download
1) DEM

: 2) Flow Direction (DIR)
gvendew 3) Flow Accumulation (ACC)

Data Sources

Data Set Development

: Grid size
Quality Assessment 1) 3-sec: about 90m
Data Availability 2) 15-sec: about 500m
Data Formats 3) 30-sec: about 1,000m
Notes for Users g
References Note::
Disclaimer 1) Notes on downloading DEM data
: - Download ‘conditioned DEM'’ for 15-sec 30-sec
- Download ‘Void-filled DEM’ for 5-sec

: 2) About ACC of 3-sec mesh
el Since this data is not provided in HydroSHEDS, it
= must be created.by another method

3) About 15-sec and 30-sec data
Since the ACC image is provided by ‘ExtraData’ of
RRI, download ‘BIL’ files of DEM / DIR / ACC

The Nature 0

Conservancy

CESR

@ Folders for extracting files and storing the extracted data

- Extract ‘ExtraData’ into the folder below.
“RRI-GUI ¥ RRI_CONTENTS ¥ HydroSHEDS”

- This will allow the GUI to select the outflow point and extract the basin.

I % = | HydroSHEDS - o X
R v
“ v A » PC » Trapscend (B > BRI 423 > BRI » RRI-GUI » RRILCONTENTS : HydroSHEDS ~| O HydroSHEDSD 185 »p

Faivh 0| & - Unzip ‘HydroSHEDS_IMAGE’ from ExtraData. of RRI.
Slzesd » A5 ACC 155 IMAGE There are 100 bmp files in each folder.
/& OneDrive AS_ACC_30s_IMAGE 2018/06/12 950 T4 TANA-
EU_ACC 155 IMAGE 2018/06/12 9:50 T4 AN~
Erc ELLACC_305 IMAGE 2018/06/12 8:50 Tl Tall-
PaoATvIo 1) as_acc_15s 2007/03/01 0:00 Av3i-)3D HE.. 2020275K8
o> A360 Drive ] as acc 305 2014/10/08 10:19 N¥3- 3D #E.. 5050698
& ovo-F 8] as_dem_15s 2007/03/01 0:00 Nvz-)-3D #E.  984375KB
53k T 1) as_dem_30s 2014/10/08 10:20 N3], 3D HE.. 2460 KB
Eraxh ;ﬂamfﬁ; BIL files downloaded from HydroSHEDS.
. }ﬂ as_dir_30s
= e7Fe 1) eu_acc_15s 2018/06/07 12:40 N33 D #E..  %45000KB
B &7 4] eu_acc_30s 2018/06/04 9:58 H2-) 3D #E.  236250KB
D s1-5iwy ) eu_dem_155 2016/06/07 12:41 NyI-) 3D #E.  426600K8
8 05(C) ¥ eu_dem 30s 2018/06/04 958 HyEI-) 3D HE.. 106,650 KB
— Transcend (E) k] eu_dir_15s 2018/06/07 12:41 NY-N3DHE.  236250KB
k) eu_dir_30s 2018/06/04 %57 Hvz-)3 D #E.. 59,063 KB

= Transcend (E:)

an Hean_ 1
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(c) Acquisition of geological and soil data from SRTM (Shuttle Radar Topography Mission
Height)

@® Login
- Log in to the following site to obtain geological and soil data.
https://urs.earthdata.nasa.gov/home

- Enter the pre-registered Username and Password.

‘ @ farthdata Logn X @ tathdata Logn x @ Etarthdata Login x +

€ > C 0 (& NASA ators Aero_smsrtion U5 - % %) 0

s EARTHDATA

EARTHDATA LOGIN

Username @ Q

’ | Why must | register? >
The Earthdata Login provides

Password L

) a single mechanism for user
registration and profile
management for all EOSDIS
system components (DAACs,

S m Tools, Services). Your

—

Earthdata login also helps
the EOSDIS program better

° understand the usage of

r g EOSDIS services to improve

user experience through
L customization of tools and
improvement of services.

EOSDIS data are openly

available to all and free of

charge except where
governed by Iinternational
agreements.

n access to all your favorit

REGISTER FOR A PROFILE
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@ Data acquisition
- After logging in, jump to the following URL.
https://e4ftl01.cr.usgs.gov/MEASURES/SRTMGL3.003/

- O
(3 Index of /IMEASURES/SRTMGL3.. X = =+

& 5 C (Y & nhttps//edfti0l.crusgs.gov/MEASURES/S.. & W O

RO RO RO RO R RO R R R R
UJ.5. GOVERNMENT COMPUTER

This US Government computer is for authorized users only. By accessing this
system you are consenting to complete monitoring with no expectation of privacy.
Unauthorized access or use may subject you to disciplinary action and criminal
prosecution.

Attention user: You are downloading data from NASA’s Land Processes Distributed
hct ive Archive Center (LP DAAC) located at the USGS Earth Resources Observation and
Science (ERCS) Center.

Downloading these data requires a NASA Earthdata Login username and password.
To obtain a NASA Earthdata Login account, please visit
https://urs.earthdata.nasa. gov/users/new/.

For more information about the data you are downloading, including documentat ion
and how to properly cite the data, please visit https://Ipdaac.usgs.gov/.

FRR RO RO R RO RO R RO R RO Rk

Name Last modif ied Size Description

a Parent Directory -

20002117 2018-03-07 10:31 -
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- o X

) httpsi//esftion.crusgs.gov/MEAS X =

&€ > C 0 @ https//eaftion.crusgs.gov/MEASURES/SRTMGL3.003/2000.02.11/indexhtml & w @
Uownloading these data requires a NASA tarthdata pr!n username and password.

To obtain a NASA Earthdata Login account, please visit
https://urs .earthdata.nasa. gov r w/.

For more informat ion shout the data you are downloading, including documentat ion
and how to properly cite the data, please visit hitps://Ipdaac.usgs.gov/.

B e s s e R e ey R e e R e R e R e

3 Parent Directory

Show [10 v | entries Search: |
Page From Location To Location A
Page 1 NOOEO006 N20WO017
Page 2 N20W018 N35W086
Page 3 N35W087 N48E079
Page 4 N48E079 N59E022
Page 5 N59E022 S20W046
Page 6 S20W046 S56W072
Page From Location To Location

Showing 1 to 6 of 6 entries Previous Next |
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- When you open the following page and after a while, the [Search] button on the right side
of the screen will appear.
- For Macedonia (Radovish), enter N42E022 to search

- Then, the file name is displayed as in the following screen, so download it.

= O X

) https://eaftiot.crusgs.gov/MEAS X =+

€ 5 C 1 @ https//e4fti0r.crusgs.gov/MEASURES/SRTMGL3.003/2000.02.11/SRTMGL3.. B % ©
This US Goverrment computer is for authorized users only. By accessing this &
system you are consenting to complete monitoring with no expectation of privacy.
Unauthorized access or use may subject you to disciplinary action and criminal
prosecution.
Attention user: You are downloading data from NASA’s Land Processes Distributed
Active Archive Center (LP DAAC) located at the USGS Earth Resources Observation and
Science (ER(S) Center.
Downloading these data requires a NASA Earthdata Login username and password.
To obtain a NASA Earthdata Login account, please visit
https:/furs.earth .nasa. gov/users/new/.
For more information about the data you are downloading, including documentat ion
and how to properly cite the data, please visit hitps://Ipdaac.uses.gov/.
FERREER R KRR R R R R R R R R R KRR R KR Kk
a Parent Directory
Show [10 v | entries Search: [N41E022 x|

Name Last Modified 4 Size Description

ﬁ N41E022.SRTMGL 3.hgt.zip 2013-11-20 15:28 1.7M None

N41E022.SRTMGL3.jpg.2.jpg 2013-11-20 16:00 85K None

@ N41E022.SRTMGL3.hgt.zip.xml 2015-02-24 08:41 2.9K None

N Na SRTMGL3.num.zip 2015-02-24 14:08 70K None

Name Last Modified Size Description v

Note)
- If you are not signed in, you will be asked for username and password.

- You cannot download data without registration.
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(d) Information about data structure, etc.
- Obtain above information from the following site.

https://wiki.openstreetmap.org/wiki/SRTM

» SRTM-OpenStreetMap Wiki X = =+

& > C {d @& nhttpsy//wiki.openstreetmap.org/wiki/SRTM

u]

% 6

R-T @B BE V-REER

SRTM

XAEXE 7HDYMER OU4/>

BEETR | OpenStreetMap WikiRZ 8%

ql

The Shuttle Radar Topography Mission (SRTM) (Wikipedia
article) is a NASA mission conducted in 2000 to obtain elevation

RAIR=
The map data for most of the world. It is the current dataset of choice for
Map Features digital elevation model (DEM) data since it has a fairly high
Contributors resolution (1 arc-second, or around 25 meters), has near-global
’\""7 coverage (from 56°S to 60°N), and is in the public domain.
2::: Many OpenStreetMap-based projects use SRTM data to provide
Donations topography information, relief shading, and elevation profiles for
BEDEH trails and routes. An example is the OpenCycleMap rendering which
o shows contours and relief shading derived from SRTM data.
USOR BR 357
BEN-COBFRR 1 Versions
1!31]/‘{—5“ R 1.1 Official versions
E;;;ﬁ;;;;;; % 1.2 Other third-party versions
R-SiES 2 Format
COR-TEIIR 3 Data in OSM format (XML)

4 In use

5 See also

Versions

Screenshot of GpsDrive showing
OpenCycleMap tiles with relief shading and
contour lines based on SRTM

Official versions

There are three versions of the official SRTM data:

| scroll down
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- O
J) SRTM - OpenStreetMapWiki X = =+

& > C {d & httpsy//wiki.openstreetmap.org/wiki/SRTM * 6

« Version 1.0 is the (almost) raw data obtained during the mission and its quality is considered research-grade.
Data for this version can be downloaded from this USGS directory pagee.

« Version 2.1 (aka Non-Void Filled) is the data from Version 1 cleaned-up to correct processing errors and to clip
data to water boundaries. This version still contains "void" areas for which there is no elevation data. These void
areas are due to problems obtaining data using the radar methodology, such as in areas with steep terrain, and
areas of low reflectivity such as flat deserts. Data for this version can be downloaded from this USGS directory
page®.

Note: USGS is currently in the process (as of late 2014) of releasing the 1-arc-second data for the whole
worldé@.

« Version 3.0¢ (aka SRTM Plus or Void Filled) removes all of the void areas by incorporating data from other
sources such as the ASTER GDEM. More information about Version 3.0 (PDF). The data comes in 7 related
data sets:

» SRTMGL3¢ is the default 3-arc-second data for the world obtained by averaging the 1-arc-second raw data.

« SRTMGL3S is the sampled 3-arc-second data for the whole world obtained by getting the middle 1-arc-
second raw data sample out of @ 3x3 matrix.

« SRTMGL3N¢ is the meta-data for the previous 2 data sets explaining the source of each data point.

* SRTMGL30¢ is the 30-arc-second data for the whole world.

« SRTMSWBD is the tiled-vector data of the world's coastlines.

« SRTMUS1¢ is the 1-arc-second data for the United States.

* SRTMUS1IN® is the meta-data for the United States data set.

e SRTMGL1¢ is the 1-arc-second data for whole world (NEW!).

* SRTMGL1N# is the meta-data for this data set.

On 22nd February 2016 custserv@usgs.gov confirmed that they NO LONGER SUPPORT direct downloading of data
from these directories. You must use either the Bulk Download Application, the File List Ordering option, or
EarthExplorer(note 1],

« [1]& SRTM 1-arcsecond global dataset
1. T You would be seeing Google Imagery if you visit Earth Explorer. Login is required to download
Other third-party versions

A few other projects have post-processed the official Version 2.1 data to fill in the data voids and in some cases

« Viewfinder Panoramas. The data is not under an open license but can be freely used in open source projects
according to a note here® based from the author's response. However, some of the data was obtained from
Soviet topographical maps that is not available for licensing, according to a blog post commenté#. Please use
with caution.

In addition, since 25 May 2011, the German Aerospace Center ("Deutsches Zentrum fur Luft- und Raumfahrt") also
offers SRTM-based datae that is more accurate than SRTM but only covers 40% of the world and is free for
scientific use only].

Format

The official 3-arc-second and 1-arc-second data for versions 2.1 and 3.0 are divided into 1°x1° data tiles. The tiles
are distributed as zip files containing HGT files labeled with the coordinate of the southwest cell. For example, the
file N20E100.hgt contains data from 20°N to 21°N and from 100°E to 101°E inclusive.

The HGT files have a very simple format. Each file is a series of 16-bit integers giving the height of each cell in
meters arranged from west to east and then north to south. Each 3-arc-second data tile has 1442401 integers
representing a 1201x1201 grid, while each 1-arc-second data tile has 12967201 integers representing a
3601x3601 grid. The outermost rows and columns of each tile overlap with the corresponding rows and columns of
adjacent tiles.

Recent versions of GDAL# support the HGT files natively (as long as you don't rename the files; the names they
come with are the source of their georeferencing), but the srtm_generate_hdr.sh script& can also be used to create
a GeoTIFF from the HGT zip files. (Note that the script has SRTM3 values hardcoded; if you're using SRTM1, you'll
have to change the number of rows and columns to 3601, the number of row bytes to 7202, and the pixel
dimensions to 0.000277777777778.)
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B Data structure
@ Data specification of user created file (region.txt)

1) ‘region.txt’: To specify analysis range

I 11 l xmin: West end longitude (deg) of analysis range
xmin xmax xmax: East longitude (deg) of analysis range

I K I ymin: Southern latitude (deg) of analysis range
ymin ymax ymax: North latitude of the analysis range (deg)

2) dspoint: To identify downstream grid number

:I 1dx: Grid number in the east-west direction at the downstream end of the river
idx
: idy: Grid number in the east-west direction at the downstream end of the river

idy
A\ 8 >
32 64 128 ]
+“— 16 0 1 T
4 2
&~ 8 l ~

Fig. Flow direction number used in RRI model (described in ‘dir.txt’)

- i o
4 3 2

<« 5 0 1 4
6 7 8

Pg { ~

Fig. Flow direction number for explanation in the figure below

(RRI model uses the number in the figure above)

idx and idy are determined using the temporary file ‘dir_tmp.txt" according to the procedure

shown below.
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Fig. Search method for downstream grid of the river
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B Land use / vegetation data
@® Use USGS land cover (GLCNMO)
Although this data is available on the Internet, use data prepared by RRI.

(1) File number

90
1 2 3 4 5 6 7 8 9 10 11 12
&0 13 14 15 16 17 18 19 20 21 22 23 2
Latitude | 25 26 27 28 29 30 31 32 33 34 35 36
. 37 38 39 40 41 42 43 44 45 46 47 48
49 50 51 52 53 54 55 56 57 58 59 60
-30 61 62 63 64 65 66 67 68 69 70 71 72
-0 180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
Longitude
(2) Grid size
7200 grids
15"
7200 grids 15,,|:|15,. 7200 grids
15"=1/240°
7200 grids
(3) Order of data
1,2,3,+ + ¢ ncols
N S —————— >
glmmmmmmmmnme e »
PR S
O i S »
nrows[* >
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B Soil and geological data (FAO soil data)
@® Use FAO_CODE_DATA.csv prepared by RRI.

(1) File
90
60
30 ]
0 1 file data
-60
-90

180 -120 -60 60 120 180

0
Longitude

(2) Grid size

4320 grids

I:I 5 2160 grids

=
(3) Order of data
e ncols
e e .
B — S — g
‘ _________________________________
st .
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(4) Table of the code

Code Vertical sqEffective Saction at|Lateral sa|Unsaturat|Beta Class name

1] 6.54E-05 0.417|  0.0495| 6.54E-01| 0.02 4 Sand

2| 1.66E-05 0.401] 0.0613| 1.66E-01| 0.035 - Loamy sand
3| 6.00E-06 0.412]  0.1101) 6.00E-02| 0.041 4 Sandy loam
4{ 3.67E-06 0.434]  0.0889( 3.67E-02[ 0.027 - Loam

5 1.89E-06 0.486] 0.1668| 1.89E-02| 0.015 4 Silt loam

6| 1.36E-06 0.408 0.198| 1.36E-02| 0.042 B Silt

7| 8.33E-07 0.33] 0.2185( 8.33E-03| 0.068 4 Sandy clay loam
8| 5.56E-07 0.309| 0.2088| 5.56E-03| 0.075 4 Clay loam

9| 5.56E-07 0.432 0.273| 5.56E-03] 0.04 4 Silty clay loam
10[ 3.33E-07 0.321 0.239| 3.33E-03| 0.109 4 Sandy clay
11| 2.78E-07 0.423] 0.2922| 2.78E-03| 0.056 - Silty clay

12| 1.67E-07 0.385( 0.3163| 1.67E-03| 0.09 4 Clay

B Execute data conversion for RRI

(1) For ALOS30m

cd (1a)ALOS¥(1)ALOS30m_N42E022_on_Linux
gfortran alos30mcsv.f90
a.exe

cd ../../(2mkDEM
gfortran mkDEM.f90
a.exe

cd ../(3)mkDIR
gfortran mkDIR.f90
a.exe

cd ../(4)mkACC
gfortran mkACC.f90

a.exe

cd ../(5)mkLUSE
gfortran mkLUSE.f90

a.exe

cd ../(6)mkMASK
gfortran mkMASK.f90

a.exe

cd ..
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(2) For SRTM3

cd (1b)SRTM¥(1)SRTMGL3_N41E022_on_Linux
gfortran srtmgl32csv.f90
a.exe

cd ../../(2)mkDEM
gfortran mkDEM.f90
a.exe

cd ../(3)mkDIR
gfortran mkDIR.f90
a.exe

cd ../(4)mkACC
gfortran mkACC.f90

a.exe

cd ../(5)mkLUSE
gfortran mkLUSE.f90

a.exe

cd ../(6)mkMASK
gfortran mkMASK.f90

a.exe

cd ..

B File structure of RRI data conversion program

mytools —(1a)ALOS (1)ALOS30mN42E022 — alos30mcsv.f90
Pre—processing to create RRI DEM from SRTM3 DEM
| (1b)SRTM (1)SRTMGL3_N41E022 ——— srtmgl3csv.f90
Pre—processing to create RRI DEM from SRTM3 DEM
L (2)mkDEM mkDEM.f90 DEM creation for RRI
___(3)mkDIR mkDIR.f90 DIR creation for RRI
L (4)mkACC mkACC.f90 ACC creation for RRI
L (5)mkLUSE mkLUSE.f90 LUSE, LSOIL creation for RRI
L (6)mkMASK mkMASK.f90
Mask dem.txt, diritxt, acc.txt, cover.txt, soil.txt
—data Storage folder for input, output, and temporary files
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4.2.  River mesh data creation method

4.2.1 Number of river certified meshes (riv_thresh) setting

- In ‘RRLinput.txt’ (calculation control), which is the most important file of the RRI model,
it is necessary to identify where the river begins from the flow direction line.

- In the RRI model, the river is downstream from the point where the number of grids exceeds
the certified number of grids, and it is described as “riv_thresh” in ‘RRI_input.txt’.

- For this reason, the certified number of “riv_thresh” (line 38 of ‘RRI_input.txt’: described

in L38) differs depending on the grid size.

4.2.2 How to create a file of rectangular cross section of the river

- In the RRI model, the existence of rivers is determined from the number of upstream grids
(basin area) of the flow direction line.

- In the RRI model, the river width and height can be obtained by regime theory in places
where there is no river measurement data.

- In the current RRI model, it is not possible to define multi-section rivers by regime theory.

B Setting of river width (regime theory)
- In order to use the RRI model, it is necessary to set the river width for all river sections.
- Since all river width data can hardly be obtained, set using the following regime equation.
- In the RRI model, the river width can be set to all river grids by entering regime constants.
- The theoretical formula of the RRI model is a formula for finding the width of a river close
to a natural river.
- Therefore, as a preparation for setting the river width, apply the following formula at a point
where the river width is known, and then determine the constant to be adopted.

Formulal: B=5.0A03% (RRI)

Formula2: B=5.3A05 (Sakamoto)

Formula3: B=8.4A05 (Harada)

Here, B: River Width (m)

A: Basin area (km?2)

B Setting of river height (HWL-riverbed height: regime theory)
- In order to use the RRI model, it is necessary to set the river height for all river sections.
- Since all river height data is hardly available, set it using the following regime equation.

- In the RRI model, the river height can be set to all river grids by entering regime constants.
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- The theoretical formula of the RRI model is a formula for finding the river height close to a
natural river.
- Therefore, as a preparation for setting the river height, apply the following formula at a point
where the river height is known, and then determine the constant to be adopted.

Formulal: H=0.95A02 (RRI)

Formula2: H=1.65A02! (Sakamoto)

Here, H: River height (HWL-riverbed height) (m)

A: Basin area (km?)

B Concept of river parameter of RRI model
- The river parameter created by the RRI model regime theory is composed of river height,

river width, and bank height.

o
., Calculation grid for
river course grid
¢ (Elevation of DEM)

+ . x

" / . Over flow = ! /
) |

o

+ E . : He

" : : (bank height)
S| u | |

» (riyer depth) '

? B

) (river width)

o

B Margin height (= bank height-ground height (or HWL)) setting (Only a fixed value can
be set with the current RRI model)
- In the current RRI model, the margin cannot be set for each grid, so a constant value should

be set to all sections.
- Margin (constant value) = Bank height-Ground height (or HWL)
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4.2.3 How to create general cross section file

- Use the file format below for complex river cross sections rather than rectangular ones.

B Correction and addition of ‘RRI_input.txt’
- To change the format from rectangular cross section to general section, modify or add

‘RRL_input.txt’ as shown below.

L83 1 Set '1" when inputting a general river cross section.
L84 /riv/sec_map.txt A file that associates mesh number (IJ) with river cross section ID
L85 /riv/section/sec. Common part of file name to input general river cross section

B Create river location file (file name: ‘./riv/sec_map.txt’)
- ID: General river channel ID (1 to 999999)

Note) ID is preferably a serial number.

ny B
1D
1D D
ID ID
ID
1D
B — >
"
e S
ID
1D
1D
ID|ID
ID
2 i - —
1| ¢shmz=dpr == 7"~ ==} :
1 2 nx
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B Create river cross section shape file (file name: ‘./riv/section/sec_######.txt")

#####E © —REKTEID(000001~999999)  character*6 1D

1178 kmax _, depth _ height kmax: & — A8 BT E 0 2 B

2178 hr(1) _ peri(1) _ b(1) _ ns(1) Kmax:&—#& Al Mo 2 #H oz AM

34778 hr(2) _ peri(2) _ b _ ns(2) depth:3BEA SR KL THRE [m]
.................... height:i&ﬁﬁ@f)\ 61&%*%;{ T‘@F‘FT) é [m‘l

.................... hr(k):ﬂ)ﬁ(ﬁ"bﬂ)ﬁé[m]
.................... peri(k):fz'iiJ_JE[m]

GEILLC) _ pei b _ ns(k) b(K):EMEIm] (& B0 FIHE)
.................... ns(k): A FIERIE
.................... /;) 7‘-’_5(0)[2{;]:]() (il’)L}(_tﬂ)’zTE (._4)

kmax{TH hr(kmax) peri(kmax) b(kmax) ns(kmax)

hr(kmax)

) A \‘ - ‘/
heli}l \~\ b(kmax) /./ . -
EEEERaREEEE: -
; Fa

—— hrlk)

S

peri(k)\\\i b(k)

depth &

hrik-
m(“ ..... / i
..... -
\\‘— b(1) —7// — e
. do FRICIIEBOFSREANT S,
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hr(kmax)

height ! / \\= b(kmax) =/ \m
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hr(k)
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peri(k) b(k)
depth &\ / hr(k-1)
nS(“ ..... /
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4.3.  Rainfall mesh data creation method
- Rainfall data includes point data (ground rainfall) and surface data (radar rainfall).

- Here, how to create point data (ground rainfall) is shown below.

4.3.1 Point data (rainfall) creation method

B Correction and addition of rainThiessen.txt
@ Example of ‘rainThiessen.txt’
rain/Temp_Gage.csv = Location where rain data is stored (ex.Temp_Gage.csv)

rain/rain.dat
rain/rain_Maptxt

ncols 420
nrows 360
xllcorner 22.35042 Note) Set the range to cover the entire basin
yllcorner 41.49958 Note) Set the range to cover the entire basin
cellsize 0.00083

@ Contents of ‘rainThiessen.txt’

- 1t line: Rainfall observation data file name (e.g., “Temp_Gage.csv’)

- 2" line: Rainfall data by time series mesh (e.g., ‘rain.dat’)

- 3 line: Nearest observatory code file of each grid (e.g., ‘rain_Map.txt’)

- 4™ Jine: Number of grids in east-west direction
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- 5 line: Number of grids in north-south direction

- 6" line: Longitude of southwest end of analysis area [deg]
- 7 line: Latitude of southwest end of analysis area [deg]

- 8" line: Grid size [deg]

B Create rain data (e.g., “Temp_Gage.csv’)

- Rainfall data is described sequentially in the column for each station.

example 'Temp_Gage.csv’

St.1 St.2 St.3

Number of stations 3

Longitude [deg] lon 135.23 134.33 132.59
Latitude [deg] lat 45.67 46.33 47.21

Time1 (seconds) 0 0.0 0.0 0.0|Rain(1)
Time2 (seconds) 3600 12.0 1.0 4.0|Rain(2)
Time3 (seconds) 7200 15.0 3.0 10.0|Rain(3)
TimeN (seconds) 86400 2.0 4.0 5.0|Rain(N)

4.3.2 Creating initial precipitation data for calculation (used in init)

- If the calculation starts with no water in both the underground of the grid and the river, zero
discharge will continue. In order to avoid this situation, it is necessary to put the data file of
the initial precipitation condition in ‘init’.

- An example of initial precipitation data is shown below. Create it in the same way.

Time(s) Rain(mm)  Time(s) Rain(mm) Time(s) Rain(mm) Time(s) Rain(mm)
0 0 61200 0 122400.0 0.0 183600.0 0
3600 4 64800 0 126000.0 0.0 187200.0 2
7200 4 68400 0 129600.0 0.0 190800.0 2
10800 4 72000 0 133200.0 0.0 194400.0 2
14400 4 75600 0 136800.0 0.0 198000.0 2
18000 4 79200 0 140400.0 00 201600.0 2
21600 4 82800 0 144000.0 00 205200.0 2
25200 4 86400 0 147600.0 0.0 208800.0 2
28800 4 90000 0 151200.0 00 212400.0 2
32400 4 93600 0 154800.0 00 216000.0 2
36000 4 97200 0 158400.0 00 219600.0 2
39600 0 100800 0 162000.0 00 223200.0 0
43200 0 104400 0 165600.0 00 226800.0 0
46800 0 108000 0 169200.0 00 230400.0 0
50400 0 111600 0 172800.0 00 234000.0 0
54000 0 115200 0 176400.0 00 237600.0 0
57600 0 118800 0 180000.0 00 241200.0 0
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4.3.3 Executing precipitation data creation
- Place necessary files in the following folders and click ‘rainThiessen_xxx.exe’ to create rain
data.

- Precipitation data files (rain.dat, rain_Map.txt) are created in the ‘rain’ folder.

[Root folder (“RRI_***+++")
L |Subfolder (“Project” - Generally this name)|

L ‘Sub-subfolder (project name)‘

| ‘rainThiessen_xxx.exe’ < Click!

| ‘rainThiessen.txt’

-
e.g., ‘model_rain.csv’ (file name can be freely assigned)

= ‘rain.dat’ and ‘rain_Map.txt’ are created

Example of ‘Model_rain.csv’

5|obs001 0bs002  |obs003 obs004  |obs005
lat 41511795 415118 41511795 415 415
lon 22.363609| 22.38771| 22.4118042 224 22.5
0 0 0 0 0.0 0.0
3600 1.0 1.0 5.0 3.0 2.0
7200 3.0 20 40 6.0 8.0
10800 0.0 0.0 0.0 0.0 0.0
14400 0.0 0.0 0.0 0.0 0.0
18000 20 20 5.0 1.0 40
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4.4. How to create a diversion data file

- The diversion data file format is shown below.

- Check the diversion origin cell (loc_i_org, loc_j_org) and the diversion destination cell
(loc_i_dest, loc_j_dest).

- Both cells of the diversion origin and diversion destination must be specified in the river
grid cell. (Able to warp to non-adjacent points)

- The parameter "div_rate" specifies the diversion ratio from the diversion source river to the

diversion destination river.

/' \
L=l Q Diversion origin cell (loc_i = 1. loc_j = 2)
i=2 \ 1 /-\ Added diversion channel
(Diversion destination (loc_i = 2, loc_j = 3)
i=3 dir = 2, width > 0. depth > 0. height > 0
64
dir | 32 128
1=4
16 1
1=5
8 2
4
11 2 2 3 o2 -
1 div_sample.txt :
l . . - . - I
1| loc_i org loc_j_org loc_ i dest loc_ j_dest div_rate 1
1 |
i o i o i o i i
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45. How to create a dumb data file

The file format is shown below.

9
Bhumibol 166 71 5800000000 150 dﬂl]]_ii’llllpl&t.‘it
Sirikit 135 166 3510000000 500

-—— - -
—— o —— ol

dam names, loc_i_dam. loc_j_dam, storage volume [m?], constant discharge [m?3/s]

e o o o . e

Number of dams (2)
Dam1) name, eastward location, northward location, maximum volume, maximum discharge
Dam2) name, eastward location, northward location, maximum volume, maximum discharge

4.6. Evapotranspiration data file creation method

- The evapotranspiration data file format is shown below.

- The input format of evapotranspiration data file is the same as that for precipitation.

- The grid cell size and time step of the evapotranspiration cell can be set arbitrarily.

- For example, to set a constant rate of evapotranspiration, the following input file (e.g.,
‘evp_4mm.txt’) with a value of 0.166667 mm/h corresponding to the evapotranspiration

amount of 4 mm/day can be prepared.

1

1

1 0.166667 evp_4mm.txt 1
| 100000001 1 :
1

4

1 0.166667

L o o o o e e e e e e e e

Start time
Evapotranspiration of start time
End time
Evapotranspiration of end time

- To read the evapotranspiration data file, set flag ‘1’ to L71 and specify the input file name.
- Coordinates of southwest corner (‘xllcorner’ and ‘yllcorner’) and grid size (both x and y

directions) must also be set to L73-L75.

1 L71] 1 i

: L72 | ./infile/lowerindus/evp_4mm.txt RRI Input.txt :

: L : 3 | 66.0d0 # xllcorner_evp xllcorner_evp. yllcorner _evp
L74 1 23.0d0 # yllcorner_evp < ] . .

| L75 | 1000.d0 1000.d0  # cellsize_rain cellsize_rain (x, y) are specified

T e EEEEEEEEEE in RRI_Input.txt
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4.7. How to create data by GUI

4.8. Boundary condition data file creation method

- In the boundary condition data file, set the boundary condition of the downstream water

level and upstream discharge (vary in time series).

4.8.1 Folder to place
- The boundary condition file is placed in the ‘bound’ folder.
Root folder (“RRI_***+++”)

L |Subfolder (“Project” - Generally this name)|

L ‘Sub-subfolder (project name)‘

-~ bpound

4.8.2 Types of boundary condition files

- The boundary condition file can be set to the following files described in “6.1Control file

configuration (RRI_Input.txt)”.

Control input L57; Water depth boundary condition (optional): Water depth boundary not set=0, 1D data format=1, 2D data format=2
hs_bound.txt L58; Slope: L57=0—No slope boundary set, L57=1—1D boundary time series file, L57=2—2D boundary time series file
hr_bound.txt L59; River: L57=0—No river boundary set, L57=1—1D boundary time series file, L57=2—2D boundary time series file

Control input L61; Flow boundary condition (optional): Flow boundary not set=0, 1D data format=1, 2D data format=2

las_bound.txt L62; Slope: L61=0—No slope boundary set, L61=1—1D boundary time series file, L61=2—2D boundary time series file
qr_bound.txt L63; River: L61=0—No river boundary set, L61=1—1D boundary time series file, L61=2—2D boundary time series file
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4.8.3 Structure of depth boundary condition file

- This condition file gives time series water depth at the boundary

[Slope 1-dimension (bound_slo_wlev_switch =1)]

number of boundary points

1 2 Repeat 'np’ times n
bouLdary grid n|0.(x) bot,!ndary grid nc|>.(x) - boundary grid no.(x)
1 2 Repeat 'np’ times n
bourlldary grid n|o.(y) bou|ndary grid nl.(y) o boundary grid no.(y)
1 2 Repeat 'np’ times n
|time1 [sec]| |depth(1 1 )[ln] depth(2,1)[m] - depth(np,1)[m]
1 2 Repeat 'np’ times n
|time2[se<:]| |depth(1 ,2)[||'n] depth(2,2)[m] o depth(np,2)[m]
1 2 Repeat 'np’ times n
|timeN[s:ec:|| |depth(1 ,N)[|m] depth(2,N)[m] - depth(np,N)[m]
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[Slope 2-dimension (bound_slo_wlev_switch =2)]

time1[sec] No. of grids (E-W) No. of grids (N-S)
Depth(time1) "
2 3 nx
1 P——
2 P BT Lletediulul R _ JE‘
3 . ) >
A‘_ P B kel ettt
W
ny—1
ny :
S
time2{sec] No. of grids (E-W)  No. of grids (N-S)
Depth(time2) N
2 3 nx
1 P
2 P BT Leletediulul R i JE‘
3 wlooooofo-o T .
A‘_ [ P B ke ettt
W
ny—1
ny :
S
Repeat
timeN[sec] No. of grids (E-W) No. of grids (N-S)
Depth(timeN) N
1 2 3 . ... o
; === JE?
2 PR SEEEPETE St ldlek Sl _ X
3 ~ R N ket e
P [ e el _—— = = :
W
ny—1
ny :
S
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[River 1-Dimension (bound_riv_wlev_switch =1)]

number of boundary points

1 2 Repeat 'np’ times n
bou!‘ldary grid n|0.(x) bot,!ndary grid nc|>.(x) - boundary grid no.(x)
1 2 Repeat 'np’ times n
bourlldary grid n|o.(y) bou|ndary grid nl.(y) o boundary grid no.(y)
1 2 Repeat 'np’ times n
|time1 [sec]| |depth(1 1 )[ln] depth(2,1)[m] - depth(np,1)[m]
1 2 Repeat 'np’ times n
|time2[se<:]| |depth(1 ,2)[||'n] depth(2,2)[m] o depth(np,2)[m]
1 2 Repeat 'np’ times n
|timeN[s:ec:|| |depth(1 ,N)[|m] depth(2,N)[m] - depth(np,N)[m]
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[River 2-Dimension (bound_riv_wlev_switch =2)]

timellsec] ~ No.of grids (E-W)  No. of grids (N-S)
Depth(time1) "
: 2 3 nx
2 ______________________ — _= o
3 :_ ________________________ .
A‘_ J P et et
W
ny—1
ny :
S
time2sec] No. of grids (E-W)  No. of grids (N-S)
Depth(time2) N
1 2 3 nx
1 P——
2 P B TY: Leledaiuiul R i JE‘
3 DR N S il AR .
A‘_ J P et et
W
ny—1
ny :
S
Repeat
timeN[sec] No. of grids (E-W) No. of grids (N-S)
Depth(timeN) \
: 2 3 nx
; === JE?
2 PR SEEEEETY Sibllaiek il _ X
3 - I N -
P e el _—— == :
W
ny—1
ny :
S
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4.8.4 Structure of flow boundary condition file

- This condition file gives time series flow at the boundary

[Slope 1-dimension (bound_slo_disc_switch =1)]

Iil number of boundary points

1

boundary grid no.(x)

1

bou

ndary grid no.(x)

2

boundary grid no.(y)

bou

ndary grid no.(y)

1

time1[sec] flow(1,1)[m3/s]
1

| | | |

time2[sec] flow(1,2)[m3/s]
1

| | | |

timeN[sec] flow(1,N)[m3/s]

Repeat 'np’ times
Repeat 'np’ times
2
flow(2,1)[m3/s]

2

flow(2,2)[m3/s]

2

flow(2,N)[m3/s]
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n
boundary grid no.(x)
n
boundary grid no.(y)
Repeat 'np’ times n
- flow(np,1)[m3/s]
Repeat 'np’ times n

flow(np,2)[m3/s]

Repeat 'np’ times n

flow(np,N)[m3/s]



[Slope 2-dimension (bound_slo_disc_switch =2)]

I D A

time1[sec] No. of grids (E-W) No. of grids (N-S)
Flow(time1) N
1 2 3 nx
1 —— JE?
2 oo ——---1---""" __ .
3 IR ST ot balalel s — >
W Ml E
ny—1
ny >
S
time2[sec] No. of grids (E-W) No. of grids (N-S)
Flow(time2) N
1 2 3 nx
1 = JE?
2 ——leooooo ot -1 "" __ R
] I I S el N I
" <
ny—1
ny >
S
Repeat
timeN[sec] No. of grids (E-W) No. of grids (N-S)
Flow(timeN) N
1 2 3 nx
1 e JE?
2 D R EFPETL Sl M _
3= e — >
W
ny—1
ny >
S

46




boundary grid no.(x)

boundary grid no.(y)

Iil number of boundary points

1 2
| | | |

boundary grid no.(x)

1 2

boundary grid no.(y)

1

time1[sec] flow(1,1)[m3/s]
1

| | | |

time2[sec] flow(1,2)[m3/s]
1

| | | |

timeN[sec] flow(1,N)[m3/s]

[River 1-dimension (bound_riv_disc_switch =1)]

Repeat 'np’ times
Repeat 'np’ times
2
flow(2,1)[m3/s]

2

flow(2,2)[m3/s]

2

flow(2,N)[m3/s]
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n
boundary grid no.(x)
n
boundary grid no.(y)
Repeat 'np’ times n
- flow(np,1)[m3/s]
Repeat 'np’ times n

flow(np,2)[m3/s]

Repeat 'np’ times n

flow(np,N)[m3/s]



[River 2-dimension (bound_riv_disc_switch =2)]

L]

[ ]

L]

[ ]

time1[sec] No. of grids (E-W) No. of grids (N-S)
Flow(time1) N

1 2 3 nx
1 —— JE?
2 D R et Slalalaial _ .
3 IR ST ot balalel s — >
W «

ny—1
ny >
S

time2[sec] No. of grids (E-W) No. of grids (N-S)
Flow(time2)
1 3 nx

1 = JE?

2 ——leooooo ot -1 "" __ _

3 D P eeeilatutl A — >

" <

ny—1

ny >
Repeat
timeN[sec] No. of grids (E-W) No. of grids (N-S)
Flow(timeN) N

1 2 3 nx

1 e JE?
2 D R EFPETL Sl M R
S — e — >
W

ny—1
ny >

S
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5. Checking data with GUI (RRI_BUILDER_v4-64.exe)

5.1. Start and select “RRI_BUILDER _v4-64.exe”
- When ‘RRI_BUILDER_v4-64.exe’ is launched, the following dialog is displayed.
- Select [New project].

Initialize Project X
| New project | I
Load project | Exit

5.2.  Input and select project name

- Enter the Project Name. (e.g., “radvish”)
- Select [Use DEM, ACC, DIR files].

Create New Project X

Project Name Iradvishl

" Use HydroSHEDS | Asia30 ~]
¢ Use DEM.ACC.DIR files I ¢ LATLON ( Latitude-Longitude )
 UTM

Select DEM file |

Select ACG file |

Select DIR file |

OK I Cancel |

5.3.  Designation of folder name for basic data
- Specify the folder name and file name of DEM, ACC, and DIR data, and click [OK] button.

Create New Project X

Project Name |r3dvish

" Use HydroSHEDS | Asia30 ~]
¢ Use DEM.ACC.DIR files ¢ LATLON ( Latitude-Longitude )
" UTM

C¥RRI_KKCversion¥mytools 1¥data¥dem txt |

GC¥RRI_KKCversion¥mytools 1¥data¥acc txt |

C¥RRI_KKCversion¥mytools 1¥data¥dir txt |

OK | Cancel |
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5.4. Checking data (Basin and runoff line, “DEM”, “ACC”, “DIR”, Land use data)
@Basin and stream line

- Select the [BASIN] tag and check the basin and stream line.

@®DEM
- Select the [EDIT] tag and select DEM in the “Current Data” column.
- Confirm node and data where DEM is displayed as follows
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@ACC
- When select ‘ACC’ in the “Current Data” column, ACC is displayed as shown below.
- Check the ACC data.

®DIR
- Select ‘DIR’ in the “Current Data” column.
- The arrow indicating the flow direction is not displayed in the small scale map, so enlarge

the view as shown below and check the DIR data.
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@®Land use
- Copy the created ‘landuse.txt’ to the [Project]-[radovish]-[topo] folder.
- Press the [Edit RRI_INPUT.TXT] button, select the [Input] tag, and set the land use data

in the [parameter] field.

Edit RRI_Input.txt X
— =
Rain || Import || Delete | Jrain/rain_dat l
DEM |[ Tmport | "Delete | /topo/demtxt |
ACC |[ Tmport | "Delete | Jtopo/accixt |
DIR || Import || Delete | Jtopo/dir txt |
Parameter “Impor—t” Delete | Stopo/landuse txt
River width || Import |[ Delete | -
River depth || Import || Delete | -
Bank height || Import |[ Delete | =
he Initial || Import || Delete | -
he_Initial || Import |[ Dclete | -
fampt_ff_initial || Import |[ Delete | -

hs_boundary || Import “ Delete | =

hr_boundary “ Import ” Delete | =

gs_boundary || Import ” Delete | -

qr_boundary “ Import ” Delete | =

Dam || Import ” Delete | 2

Diversion || Import || Delete | =

Evaporation || Import ” Delete | -

Output location || Import ” Delete | =

Save RRIIhputitxt | o
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- When select parameter in the Current Data column, the land use distribution is displayed as

shown below, so check the data.

55.  Copying precipitation data
- Copy ‘rain.dat’ and ‘rain_Map.dat’ created by ‘rainThiessen.exe’ to [Project]-[radovish]-
[rain] folder
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5.6.

Checking folder configuration

- The following is a summary of all folders.
- Check the folder and the files (red bold) that should be in it.

RRI.KKCversion |—+ —|mytoo|1

-+ —{(1a)ALOS——{(1)alos30m

I———'glosSOchsv

|'—-|3I0530m2<>sv.exe

+—{(1b)STRM———{(1)STRMGL3

+ —[(2)mkDEM———{mkDEM.exe |

+ —{(3)mkDIR -——{mkDIR.exe |

+ —{(4)mkACG———{mkACC.exe |

+ —{(5)mkLUS}——{mkLUSE.exe |

+ —|data

I——— region.txt

goALOS bat

|
|
|
|
|
|
+
+

goSTRM.bat

+—[Obsdata |

|
|
|
|
|
|
|
|
|
| + —[(6)mkMAS———{mkMASK.exe |
| |
|
|
|
|
|
|
|
|
|
|

dspoint.txt
dem.txt
dir.txt

|———| srtmgl32csv.exe

User created data
User created data

acc.txt
landuse.txt

Batch file to create topo data for RRI from ALOS DEM
Batch file to create topo data for RRI from STRM DEM

| | Created by RRI BUILDER_v4-64.exe

Copied when creating a project

+— |Project |—+—| radovish |—+ —Ibound
| |
| +
| |
| +
| |
| + —{rain ——rain.dat ].‘_ Copy
| | rain_Map.dat
| |
| +—riv ———depth.txt
| | height.txt
| | width txt
| |
| + —topo ———dem.txt
| | dir.txt <
| | acc.txt
| | landuse.txt
| |
| + —RRLInput.txt
|
|
+— |RRI CONTEN1———| BIN I———|r_ainThiessen |——— rainThiessen.txt|User|created data

|
+—[rooLs |

+— |RRLBUILDER,V4—64.exe

+— [RRLexe

+ — [RRLVIEWER 64 v140.exe

temp_gage.csv

rain.dat
rain_Map.dat
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6. RRI model control file (RRI_Input.txt)

6.1. Control file configuration (RRI_Input.txt)
- The control file of the RRI model is configured as shown below.
- The “#”comment is only allowed for numeric lines like L8-L.16, but it is not allowed for lines

with characters such as L3 to L6.

- L3 to L6: Input file path (rain, dem, acc, dir)

- L1 to L16: Southwest coordinates and precipitation data resolution

f L1 | RRI Input_Format_Verl 4 2 I
I 1o RRI_Input.txt :
: L3 | J/rain/rain.dat 1
: L4 | ./topo/adem.txt :
1 L5 | ./topo/acc.txt 1
I L6 | ./topo/adir.txt :
: L7 1
1L8 |0 # utm(1) or latlon(0) 1
: Lo |1 # 4-direction (0). 8-direction(1) :
1 L10| 360 # lasth [hour] 1
I L11 | 600 # dt [sec] :
: L12| 60 # dt_riv [sec] 1
I L13| 96 # outnum [-] :
| L14| 110.2d0 # xllcorner_rain :
1 L15| -8.3d0 # yllcorner_rain I
: L16| 0.00833333d0 0.00833333d0  # cellsize_rain :
 L17 [

L1 : Version of the control file format

L2 : Project name

L3 : Specifies the path to an input rainfall file

L4 : Specify the paths to input adjust dem file

L5 : Specify the paths to input acc file

L6 : Specify the paths to input adjust dir file

L8 : Topographic and rainfall data coordinate system (UTM (1) or Lat Lon(0)
L9 : Simulating with 4- (0) or 8-direction (1) by the two dimensional model [default : 1]
L10: Simulation period [hour]

L11: Simulation time step [sec], [default : 600 sec]

L12: Simulation time step for river [sec], [default : 60 sec]

L13: Number of output files

L14 ~L16 : South west coordinate and resolution of rainfall data

- L25, L26: Green-Ampt infiltration model parameters

- L28 to L30: lateral subsurface and surface model parameters
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L18| 0.03d0 # ns_river
RRI_Input.txt
L19] 1 # num_of landuse
L20] 1 # diffusion(1) or kinematic(0)
L21| 0.4d0 # ns_slope
L22| 1.0d0 # soildepth
L23| 0.475d0 # gammaa

1

1

|

1

1

1

1

1

1

L24 1
L25| 0.d0 # kv (m/s) :
L26| 0.3163d0 # Sf (m) I
L27 1
L28| 0.0d0 #ka (m/s) :
L29| 0.0d0 # gammam (-) 1
L30| 0.0d0 # beta () :
L31 1
o

L18: River roughness coefficient (Describe to L82 when changing from river to river)
L19: Number of land use types
(L20-31 data requires this L19 number set

— L20 and below are described side by side and the number of L19 in parallel)
L20: diffusion (1) or kinematic (0) [default: 1]
L21: Ground surface equivalent roughness coefficient
L22: Soil thickness [m]
L23: Saturation effective porosity [%/100]
L25: Green-Ampt infiltration model parameter (kv): Vertical saturated hydraulic conductivity [m/s]
L26: Green-Ampt infiltration model parameter (sf): Wet front suction pressure [m]
L28: Lateral saturated hydraulic conductivity [m/s]
L29: Unsaturated effective porosity [%/100]
L30: Reverse ratio of unsaturated / saturated

-L38 to L44: River channel shape setting by equation (regime theory)
-L46 to L49: river channel shape setting by file (option)

j L38| 100 # riv_thresh !
1 .39 5.0d0 # width_param_c RRI_Input.txt :
: L40| 0.35d0 # width_param_s :
1 L41| 0.95d0 # depth_param_c 1
: L42( 0.20d0 # depth_param_s :
1 L43] 0.d0 # height_param I
: L44( 20 # height_limit_param 1
1 L45 :
I'L46| 0 1
: L47| ./riv/iwidth.txt :
I L48| ./riv/depth.txt 1
: L49 | ./riv/height.txt :
1 L50 I
L 4
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L38: Threshold of definition of “river”
(This number is the number of meshes where the river channel is generated, so the river channel
changes from about 0.5 km to 1.0 km depending on mesh size)

L39: River width constant (Cw) width =c, A™
L40: River width constant (Sw) regime theory =
L41: River height constant (Ca) depth = c,;A

L42: River height constant (Sq)

L43: Constant of the river margin

L44: Set number of meshes for river margin (set downstream from this number of meshes)

L46: River channel shape set by regime theory = 0, River channel shape set by file = 1

L47: River width data file location folder when L46 = 1

L48: River height (= ground height or HWL-river bed height) data file location folder when L46 = 1
L49: River margin (Bank height-Ground height or HWL) data file location folder when L46 = 1

- L51-L55: Initial water depth condition setting (optional)
- L57 to L59: Depth boundary condition setting (optional)
- L61 to L63: Drainage boundary condition setting (optional)

[ o g e o o
5 1
: = O_O,OO . RRI_Input.txt I
: L52| ./init/hs_init_dummy.out I
| L53| /init/hr_init_dummy.out 1
I'L54| /init/hg_init_dummy.out :
| o o |
j L55| /init/gamptff_init_dummy.out I
I L56 :
1 L57| 00 i
I L58| ./bound/hs bound.txt :
: L59| ./bound/hr_bound.txt I
1 L60 1
' L61| 00 :
 L62| ./bound/gs_bound.txt 1
I L63| ./bound/qr_bound.txt :
|
I L64 I
- e o e e e e e o O EE EE EE EE EE EE EE O EE E Em Ew O Ew mw Em o

L51: Initial water depth condition (initial value) setting (option)
(Initial condition not set = 0, Initial condition set = 1 (initial condition file required L52 to L55))
L52: Slope (surface) initial depth file (hs)
L53: River channel initial depth file (hr)
L54: Slope (underground) initial depth file (hg)
L55: Green-Ampt cumulative depth initial depth file (gamptff)

L57: Water depth boundary condition (optional); Water depth boundary not set = 0, 1D data format =
1, 2D data format = 2

L58: Slope (ground surface); L57=0 — No slope boundary set, L57=1 — 1D boundary position time
series file, L57=2 — 2D boundary position time series file

L59: River; L57=0 — No river boundary set, L57=1 — 1D boundary position time series file, L57=2
— 2D boundary position time series file

L61: Flow boundary condition (optional); No flow boundary set = 0, 1D data format = 1, 2D data format
=2

L62: Slope (ground surface); L61=0 — No flow boundary set, L61=1 — 1D position time series file,
L61=2 — 2D boundary position time series file

L63: River; L61=0 — No river boundary set, L61=1 — 1D position time series file, L61=2 — 2D
position time series file
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- L65 to L66: Land use setting (optional)

- L68 to L69: Dam condition setting (option)

- L71 to L72: River diversion setting (optional)

- L74 to L78: Evapotranspiration setting (option)
- L80 to L81: River extension setting (optional)

- L83 to L84: River section setting (optional)

[92]
[y

Jriv/length.txt

(o]

93]
W o

0
Jriv/sec_map.txt

®o
[SIaT

Jriv/section/sec_

(03]
(2]

| Les | 0 ,
1 L66 | ./topo/landuse.txt RRI_Input.txt 1
1 - 1
- L67 "
1 Les| o I
: L69 | ./dam.txt :
1L7110 :
| L72 | /divtxt "
1 L73 1
I L74| 0 :
1 L75 | ./infile/PET.txt |
: L76| 110.2d0 # xllcorner_evp :
y L77| -8.3d0 # yllcorner_evp 1
1 178 | 0.00833333d0 0.00833333d0  # cellsize rain :
|

P L79 1
1 L8| 0 |
1 1
1 L 1
1 L 1
1 1
1 L 1
1 L ]
1L :
1

1 L 1

L65: Land use setting (option)

Without multiple parameter set = 0, Multiple parameter set = 1 (Land use file required L66)
L66: Land use file path
L68: Dam operation condition setting (option)

No dam operation set = 0, Dam operation set = 1 (dam operation file required L69)

L69: Dumb operation file (see dam_sample.txt)
L71: River diversion condition setting (option)

River channel diversion not set = 0, River channel diversion set = 1 (requires river diversion file L72)
L72: River diversion file (div.txt, origin cell, destination cell, diversion ratio set (see div_sample.txt)
L74: Evapotranspiration setting (option); Evapotranspiration is not set = 0
L75: Evapotranspiration file path
L76: Southern coordinates of evapotranspiration data (xllcorner_rain)

L77: Western coordinate of evapotranspiration data (yllcorner_rain)

L78: Resolution of cell size of evapotranspiration data (cellsize_rain)

L80: River extension setting (optional); River channel extension not set = 0, River channel extension
set = 1 (river channel extension file required L81)

L81: River extension file path

L83: River arbitrary section setting (optional); River channel arbitrary section set not set = 0, River
channel arbitrary section set = 1 (file required L84, L85)

L84: River arbitrary section map file path

L85: River arbitrary section shape file path (see section.txt)
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- L87 to L97: Output file setting
- L99 to L100: Hydrograph output setting (optional)

3711101000001
L88 | .Jout/hs_
L89 | ./out/hr_
L90 | ./out/hg_
L91 | .Jout/qr_
L92 | ./out/qu_

I
: RRI_Input.txt
1

1

1

1

1

1

: L93 | .Jout/qv_

1

1

]

1

1

1

1

1

1

L94 | ./out/gu_
L95 | .Jout/gv_
L96 | ./out/gampt_ff

L97 | ./out/storage.dat

L98

Lo9 |1

L100| .location.txt
S 4

L87: Simulation result output; Not output = 0, Output = 1 (file folder specified below)
L88: Slope (ground surface) depth file path

L89: River channel depth file path

L90: Slope groundwater depth file path

L91: River channel flow file path

L92: Slope underground runoff file path in the x direction
L93: Slope underground runoff file path in the y direction
L94: X-direction (Green-ampt) flat ground runoff file path
L95: Y-direction (Green-ampt) flat ground runoff file path
L96: Green-Ampt Cumulative Depth File Path

L97: Water balance check file path

L99: Simulation hydrograph output (option); Not output = 0, Output = 1 (file designation below)
L100: Output file name

6.2.  Example of control file

- Example of ‘RRI_Input.txt’
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RRLInput_Format_Ver1_4_2
usune

./rain/rain.dat
./topo/dem.txt
./topo/accixt
./topo/dir.txt

1 # utm(1) or latlon(0)

1 # 4~direction (0), 8-direction(1)
336 # lasth(hour)

30 # dt(second)

3 #dtriv

336  # outnum [-]

—74425.00000 # xllcorner_rain
64975.000000 # yllcorner_rain
50.0 500 # cellsize_rain

4.000d-2 # ns_river
32  # num_of landuse
Tt 11 1111 1111

200d0  0.400d0 0.300d0 0.300d0
1.000d0 0.900d0 0.800d0 0.800d0
0.500d0  0.600d0  0.500d0  0.500d0

6.00d-5 0.00d0 0.00d0  0.00d0
1.00d-1 0.00d0  0.00d0  0.00d0

000d0  1.20d-3 240d-4 240d-4
0.00d0  0.150d0 0.125d0  0.125d0
0.00d0  4.00d0  4.00d0  4.00d0

0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0

Total calculation time (hours)

Conditions to stabilize calculation with 50m grid
Conditions to stabilize calculation with 50m grid
Total number of calculation results (time)

T

T1 111t 1t 1111 1 1 1 1 1 11 1 1 1 #diffusion(1) orr kinematic(0)

0.800d0 0.300d0 0.010d0 0.300d0 0.005d0 0.300d0 0.001d0 0.300d0 0.300d0 0.001d0
1.200d0 0.900d0 0.100d0 0.800d0 0.010d0 0.800d0 0.100d0 0.800d0 0.800d0 0.100d0
0.700d0  0.400d0 0.150d0 0.500d0 0.100d0 0.600d0  0.400d0 0.500d0 0.500d0  0.500d0

00040  0.00d0  1.00d-5 0.00d0  500d-6 0.00d0 0.00d0 00040  0.00d0  0.00d0
0.00d0  0.00d0  3.00d-1 000d0  050d-1 0.00d0 0.00d0 0.00d0  0.00d0  0.00d0

500d-3 0.70d-3 0.00d0  240d-4 000d0 085d-3 0.00d0 240d-4 240d-4 0.0d0
0.175d0  0.100d0 0.00d0  1.25d-1 0.00d0  0.150d0 0.00d0  0.125d0 0.125d0  0.00d0
400d0  4.00d0 0.00d0 40040 0.00d0 40040  0.00d0  4.00d0  4.00d0  0.00d0

4000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1
5000d-4 5.000d-4 5.000d-4 5.000d-4 5.000d-4 5000d-4 5.000d-4 5.000d-4 5000d-4 5.000d-4 5.000d-4 5.000d-4 5.000d-4
3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2
5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1

100.0 # riv_thresh

8.40d0 # width_param_c (2.5)
5.00d-1 # width_param_s (0.4)
1.45d0 # depth_param_c (0.1)
2.50d-1 # depth_param_s (0.4)
1.20d0 # height_param

100.0 # height_limit_param

0
/riv/width.txt
/riv/depthtxt
/riv/height.txt

1111 —
./init/hs_init.out

./init/hr_init.out

./init/hg_init.out
./init/gamptff_init.out

00
./bound/hs_wlev_bound.txt
./bound/hr_wlev_bound.txt

00
./bound/gs_bound.txt
./bound/qr_bound.txt

1
./topo/landuse.txt

0
./dament.txt

0
/divixt

0
./rain/Evp.dat
100.000000 # xllcorner_evp
10.000000 # yllcorner_evp

- Constant: Necessary for each land use, vegetation, geology, topographic gradient, etc.
0.001d0  0.200d0  2.00d0 0.500d0 0.400d0 0.400d0  0.900d0 0.500d0 0.030d0  0.400d0
0.100d0  0.800d0 0.900d0 0.800d0 0.600d0 0.600d0  1.000d0 0.700d0 0.150d0  0.600d0
0.500d0  0.600d0 0.500d0 0.600d0 0.500d0 0.500d0 0.700d0 0.400d0 0.150d0  0.500d0

0.00d0  0.00d0  0.00d0  0.00d0  0.00d0 0.00d0  0.00d0  0.00d0  0.00d0  0.00d0
0.00d0  0.00d0  0.00d0  0.00d0  0.00d0 0.00d0  0.00d0  0.00d0  0.00d0  0.00d0

0.00d0  0.60d-2 050d-3 1.50d-3 3.00d-4 300d-4 6.00d-3 090d-3 2.50d-4 3.00d-4
0.00d0  0.150d0 0.125d0 0.150d0  0.125d0 0.125d0  0.175d0 0.100d0  0.038d0 0.125d0
0.00d0  4.00d0  4.00d0  4.00d0  4.00d0 400d0  400d0  4.00d0  4.00d0  4.00d0

0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0 0.000d0
4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1 4.000d-1
5.000d-4 5.000d-4 5.000d-4 5.000d-4 5000d-4 5.000d-4 5.000d-4 5000d-4 5.000d-4 5.000d-4
3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2 3.000d-2
5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1 5.000d-1

Use this set if you want the calculation result to be the initial condition of the calculation.

0.0083333333 0.0083333333  # cellsize

0
./riv/length.txt

0
./riv/sec_map.txt
./riv/section/sec_

1111000011 —
/out/hs_
/out/hr_
/out/hg_
Jout/qr_
/out/qu_
/out/qv_
./out/gu_
/out/gv_
./out/gampt_ff_
./out/storage.dat

0
/location.txt

Use this set if you want the calculation result to be the initial condition of the calculation.

0.000d0 0.000d0 0.000d0 0.000d0

5.000d-4 5.000d-4
3.000d-2 3.000d-2

0.300d0 # ns_slope
0.700d0 # soildepth
0.600d0 # gammaa

0.00d0  # ksv
0.00d0  # faif

0.70d-2 # ka
0.150d0 # gammam
400d0 # beta

4.000d-1 4.000d-1 4.000d-1 # gammag
5.000d-4 5.000d-4 5.000d-4 #tg

3.000d-2 3.000d-2 3.000d-2 # fpg
5.000d-1 5.000d-1 5.000d-1 # init_cond_gw
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6.3.  Example of parameter setting

- As an example, a constant was set according to the land use / vegetation (the number of this

division condition is required in ‘landuse.txt’ in the

. 1:Broadleaf Deciduous Forest
2:Broadleaf Evergreen Forest
3:Meedleleaf Deciduous Forest
4:Needleleaf Evergreen Forest
5:Mixed Forest

B:Tree Open

7:Shrub

B:Herbaceous

9:Herbaceous with Sparse Tree/Shrub
10: Sparse vegetation

11:Cropland

12:Paddy field

13:Cropland / Other Vegstation Mosaic
14:Mangrove

15:Wetland

16:"Bare area, consolidated (gravel, rock)"
17:"Bare area, unconsolidated (sand)"

“topo” folder).

W 5utban
19:Snow f lee
20:¥Water bodies
[ s
Land cowver
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Row Broadieaf | Broadleaf | Needieleaf | Needleleaf | Herkaceou Cropland / Bare area, | o area,
number | T2 | o ious | Erergreen | Deciuous | Bergreen | M9 |Trme Open| shup  |Permemou| swith | Smree | oy o o | OFRT | aie | wetang |07l jda|  Urkan  [Snow / 1ce|  eter
Forest Forest Forest Forest Forest s Sparse | vegetation Vegetation (eravel, " (cand) bodies
Tree/Shrub Mossic rock)
L21 ns slope 2.000d-1 {2.000d-1 |2.000d-1 [2.000d-1 [2.000d-1 |5.000d-2 |1.000d-1 |5.000d-2 |5.000d-2 |5.000d-2 [5.000d-2 |1.000d-1 {5.000d-2 [1.000d-2 |1.000d-2 |1.000d-2 [1.000d-2 |5.000d-2 |1.000d-2 |1.000d-2
L22 soildepth 1.500d-1 |1.500d-1 |1.500d-1 [1.500d-1 |1.500d-1 |1.500d-1 |1.500d-1 |1.500d-1 |1.500d-1 [1.500d-1 |4.000d-1 [5.000d-1 |4.000d-1 |1.000d-1 [1.000d-1 |5.000d-2 |5.000d-2 |1.000d-1 |1.000d-1 |1.000d-1
L23 gammaa 4500d-1 |4500d-1 |4500d-1 [4500d-1 |4500d-1 |4000d-1 |4500d-1 |4500d-1 [4500d-1 [4500d-1 |6.000d-1 |5.000d-1 |6.000d-1 |2.000d-1 [2.000d-1 [4.000d-1 |4.000d-1 |1.500d-1 |2.000d-1 [2.000d-1
L25 ksv 0.000d0_ {0.000d0 |0.000d0 0.000d0  |0.000d0  |0.00040 |0.000d0 |0.000d0 |0.000d0 |0.000d0  [0.000d0 ]6.000d-5 [0.000d0  [0.000d0 |0.000d0 |0.000d0  |0.000d0 |1.000d-6 |0.000d0  |0.000d0
L26 faif 0.000d0__{0.000d0 _|0.00040 |0.000d0__[0.000d0  |0.00040 |0.000d0__|0.000d0 |0.000d0 _|0.000d0_ [0.000d0 |1.000d-1 {0.000d0 [0.000d0 |0.000d0 _ [0.000d0 |0.00040 |3.000d-1 |0.000d0 |0.000d0
L28 ka 5.000d-2 {5.000d-2 |5.000d-2 |5.000d-2 [5.000d-2 |5.000d-2 |5.000d-2 [1.000d-2 |1.000d-2 |1.000d-2 [2.000d-2 |0.000d0 |2.000d-2 [0.000d0 |0.000d0 |7.000d-3 |7.0004-3 |0.000d0 |0.000d0 |0.000d0
L29 5.000d-2 {5.000d-2 |5.000d-2 |5.000d-2 |5.000d-2 |5.000d-2 |5.000d-2 |5.000d-2 |5.000d-2 |5.000d-2 [3.000d-2 |0.000d0 |3.000d-2 [0.000d0 |0.000d0 |2.000d-2 |2.000d-2 |0.000d0 |0.000d0  |0.000d0
L30 beta 6.000d0[6.000d0 |6.000d0 [6.000d0 [6.000d0 |6.00040 |6.000d0 |6.000d0 |6.000d0 |6.000d0 [6.000d0 |0.000d0 [6.000d0 [0.000d0 |0.000d0 [6.000d0 |6.00040 0.000d0 |0.000d0  |0.000d0
L32 kav 0.000d0 {0.000d0  |0.000d0 0.000d0  [0.000d0 |0.00040 |0.000d0 |0.000d0 |0.000d0 |0.000d0  [0.000d0 |0.000d0 [0.000d0 [0.000d0 |0.000d0 |0.000d0 |0.000d0 |0.000d0 |0.000d0  |0.000d0
L33 gammag 4.000d-1 {4000d-1 |4.000d-1 |4.000d-1 [4000d-1 |4.000d-1 |4.000d-1 [4.000d-1 |4.000d-1 |4.000d-1 [4.000d-1 |4.000d-1 {4000d-1 [4.000d-1 |4.000d-1 |4000d-1 |4.000d-1 |4.000d-1 |4.000d-1 |4.000d-1
L34 tg 5.000d—4 [5.000d-4 |5.000d-4 5.000d—4 |5.000d-4 |5.000d-4 |5.000d—4 |5.000d-4 |5.000d—-4 |5.000d—4 |5.000d-4 |5.000d—-4 |5.000d-4 |5.000d-4 |5.000d—4 [5.000d-4 |5.000d-4 |5.000d—4 |5.000d-4 |5.000d-4
L35 s 3.000d-2 {3.000d-2 |3.000d-2 |3.000d-2 [3.000d-2 |3.000d-2 |3.000d-2 [3.000d-2 |3.000d-2 |3.000d-2 [3.000d-2 |3.000d-2 {3.000d-2 [3.000d-2 |3.000d-2 |3.000d-2 [3.000d-2 |3.000d-2 |3.000d-2 [3.000d-2
L36 init cond gw |5.000d-1 {5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 [5.000d-1 |5.000d-1 |5.000d-1 [5.000d-1 |5.000d-1 {5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1

6.4.

- An example of 'landuse.txt' is shown below.

Example of “landuse.txt”

ncols 443

nrows 550

xllcorner —74425.0000000000

yllcorner 64975.0000000000

celsize 50.0000000000

NODATA _value -9
-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 -9-9-9-9-9-9
-9-9-9-921212121212121-9-9-9-9-921212121 52121212121212121212121

61




7. RRI model execution (0_rri_4 2.exe)

7.1. Check of folder configuration

- Check folder structure and existence of files before running RRI model

- Delete the OUT file before executing the RRI model

folder structure Role Necessary files in the folder
RRI root folder Root folder RRI BUILDER v4-64.exe |RRI VIEWER 64 v140.exe
Project_subfolder | Unchanged
sub—subfolder 0.rri_1.4 2exe rainThiessen.exe |rainThiessen.txt|RRLInput.txt |time.dat
Executable without this file - bound boundary condition hs_bound.txt hr_bound.txt gs_bound.txt ar_bound.txt
Executable without this file - init Calculation initial conditiongamptff init.out hg_init.out hr_init.out hs_init.out
Overwrite past data —  |out Calculation result Delete past data and caloulate [Use this calculation result for "init’
Infeasible without this file - rain rainfall raindat rain_Map txt
Executable without this file - riv River model depth.txt height.txt width.txt
Infeasible without this file - topo Basin model acc.txt dem.txt dirtxt landuse.txt

7.1.1 “bound” folder

- Boundary condition file

- Description about “bound” of ‘RRI_Input.txt’ file

Line Required description Explanation
L57 00 0=L58 no file, 1=L58 file exists (same for L59)
L58 ./bound/hs_wlev_bound.txt
L59 ./bound/hr_wlev_bound.txt
L61 00 0=L62 no file, 1=L62 file exists (same for L63)
L62 ./bound/gs_bound.txt
L63 ./bound/gr_bound.txt

7.1.2 “init” folder

- Data file is required when calculation is started from the water level condition at any time

using the calculation result file of ‘out’.

- Change the following file name output to ‘out’ folder, and use it in ‘init’ folder.

- Use the file created in the 'out' folder at the time when the water level and the discharge

became almost constant.

- When the RRI model is calculated for the first time, the amount of water in each grid is zero,

so there will be no runoff for several hours. In order to avoid this, use the rainfall data shown

in "4.3.2 Creating initial precipitation data for calculation" and enter ‘init’ folder.

File written to 'out’ folder

gampt_ff_kkkkkk out

hg **kkkk out

hr k¥kkkk out

hs_kk¥¥xk out

File name to use in 'init’ folder

gamptff_init.out

hg init.out

hr init.out

L

hs_init.out

Note: **¥*xk** is the calculation time
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7.1.3 “out” folder
- Calculation result is output to “out” folder.
- The data output to “out” folder is specified by the simulation result output flag of L87 (no

output =0, output =1)

Files output to the 'out’ folder Role of each file data
gampt_ff_¥kkkkk out Green—Ampt cumulative water depth file
hg *xk¥kk.out Slope groundwater depth file

hr k¥kxk* out River depth file

hs_¥k¥k*kk.out Slope (ground surface) depth file
gr_krkkkkout River flow file

7.1.4 “rain” folder

- Make sure to put the rain data used for the calculation in this folder

Files to put in the 'rain’ folder Role of each file data
rain.dat File listing time series rainfall of each grid
rain_Map.txt File defining the coordinate of each grid

7.1.5 “riv” folder

- Put river model data to be used for calculation (not necessary when calculating by regime

theory)

Files to put in the 'riv’ folder Role of each file data
depth.txt River height (= ground height—bed height) of each grid
height.txt Margin (= bank height—ground height) of each grid
width.txt River width of each grid

7.1.6 “topo” folder

- Make sure to put the basin data used for the calculation in this folder

Files to put in the topo’ folder Role of each file data
acc.txt Cumulative flow file

gem.txt Elevation file

dir.txt Downstream file

landuse.txt Land use file
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7.1.7 Project_Sub-subfolder

- Make sure to put the project data used for the calculation in this folder

Files to put in the Sub—subfolder Role of each file data
O rri14 2exe RRI model execution file (exe)

RRI Input.txt RRI model input file (control)

time.dat RRI model calculation start time file

7.2.  Execution of RRI model
- For RRI model calculation, place the necessary files in the following folders and click
‘0.rri 1 4 2.exe’.

- Files such as river water level and river flow are created in the “out” folder.

Root folder (“RRI_GUI”)
L |Subfolder (“Project” - Generally this name)|

L ‘Sub-subfolder (project name)‘
F bound

| <0 rril 4 2.exe —click!

| * RRI_Input.txt

* time.dat

hg_******out

gampt_ff_****** oyt

hr %% out

hS_******.Out

qr R gt ,etc. are created
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7.3.  Created folders and files
- By setting to ‘RRI_input.txt’, files are created and output to ‘out’ folder.
- The simulation result output is created by setting “No output =0” and “Output =1" to L87

for each file below.

Output file Role of each file data
hs_¥¥kkkk*.out Slope (ground surface) water depth file
hr_¥¥kk*x%k.out River water depth file
hg **kkk*k out Slope groundwater depth file
gr_kk¥k%kkk.out River flow file
qu_kkk¥kkk out x—direction slope underground runoff file
qv_¥*kkkkk.out y—direction slope underground runoff file
gu_¥kkkkk out x—direction (green—Ampt) groundwater runoff file (plane)
gv kkkrkk out y—direction (green—Ampt) groundwater runoff file (plane)
gampt_ff_kkkkkk out Green—Ampt cumulative water depth file
storage.dat Water balance check file

8. Display of calculation results (RRI_VIEWER 64 V140.exe)

8.1.  Role of the viewer

‘RRI_VIEWER.exe’ can check the following items:
. Flooded water depth (2D)

. Inundation depth time series (points)

. River water depth (2D)

. River discharge (2D)

. River hydrograph (points)

. River water level profile

N O O W0

. Inundation depth profile
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8.2. Starting the viewer

(1) Double Click “RRI_VIEWER_32.exe” or “RRI_VIEWER_64.exe”

(2) Click “read RRI_Input.txt”

(3) Go to C:¥RRI¥RRI-GUI¥Project¥*** (e.g., ‘radovish’)
(4) Select ‘RRI_input.txt’

(5) Click “Open”

B C:¥RRI¥RRI-GUI

&\ o[l ~RRI-RREGUL- ~ & [ rr-cunt®
| 77OME) \EE FTW Y-UD ALIH
B3R v HTUGEM v BHE v FHLOIAE- = v 0 O
@ RRI Az~
@ ). ObsData .
@ |, RRI-GUI 1. PreSettings
b ot
a. System Volume Information /. RM_CONTENTS
@ g test J. RV.CONTENTS
® L. util
B 0 W B RRI BUILDER 32exe
sl 2-9- B RRI BUILDER 64exe
) e USB DISK (D) 7| RRIVIEWER 32exe (1)
@ |, ObsData 7| RRI VIEWER 64 exe
® J. RRI-GUI
B RRI-GUI . Project Folder
3¢ cdrom (¥mizu-nasd) (M) ~l4 |

G'Oc-h. < IU¥1-5— - Windows (G) ~ RRI ~ RRI-GUI ~ Project ~ Mawlamyaing ~ v (B [Vommypeoii
28 v LIRS = A )
L RRU 2l zw - | merEs | 128 |42
)\ ObsData
| RRIGUI ). bound 905 740 I3
) RRIGUI b init 2015/ 2740 FE=
|, PreSettings 1 out d15/02/11 1302 2740 2ANE—
k on;ect”d ). rain 2015/02/11 1801 2740 2#NE-
3 i‘;mwm § riv 2015/02/111206 7740 FE-
VIFEREeTE ) 2015/02/11 1202 74 IANSE—
). bound A PR X
L. init .
). out
3). @)
) riv
Ju topo
|, testarea
RM AONTENTS :I K I LI
27 AEN): [RRI_Input bt =] [RRiZmput (ro0) |

(5 Fo>l
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8.3.  Confirmation of calculation results and flood depth (animation)
(1) Click hs (inundation)

(2) Click animation button

(3) Check the results in animation

(4) Double Click to Open “Model Display Options” window

(5) Change color legend if necessary

5 s ez - o «x
9

i)
—
[hRverWiD) [
e~ 2008 /12 / 5 00 : 00
f—\ [Theme
I3 ‘ (2) out hsmax
Jraicaf (o S| JEific|

| -

[20871275 [ o:00

i

Set Rver P

——— ()
AnimSpeed L — |— H

[ Crres Bk I

W7 [ Display DstegTime
7 B Display Lecend
7 Diply Mesh Frame
7 Display Backeound Image

 Detail Option{Double Click)

(4) lz:;
>=5
=

e
(m)
2}
A
<
v
=]

8.4. Export of time series discharge (hydrograph)

- Display the hydrograph at any point using the following procedure.

(1) Display flow direction map: ‘qampt_ff_****** out’ is read and “hs” (inundation depth) is
displayed

(2) Display discharge data: Switch to “qr (River Disc)” (threshold of index can be changed
with “Detail Option”).

(3) Click the discharge output point: Double-clicking on the desired location (discharge
output point) on the basin drainage map (the map can be expanded with “+”) to display the
hydrograph.

(4) Output hydrograph: Click “Export (csv)” on the upper right of Hydro diagram to export
hydrograph (t-q data) file (csv).

67



8.5.  Comparison of discharge record and calculated result with “Excel”
(1) Read the csv data created in the above work into Excel.
(2) Load also actual flow data into Excel.

(3) Verify accuracy by graphing both of the above.
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9. Availability in future (methods or examples)

9.1. Making contents of MKFFIS

9.1.1 Making contents of MKFFIS for Radovish River

- Input: output of RRI model calculation in Radovish (different probability of rainfall)

- Output: maximum inundation depth (geotiff), hourly (0h-48h) inundation depth (geotiff)
Note: It is depend on decision of CMC if the output will be uploaded on MKFFIS with

considering the limitation of model.

9.1.2 Making contents of MKFFIS for any river basin

- Input: output of RRI model calculation in the target river basin (different probability of
rainfall)

- Output: maximum inundation depth (geotiff), hourly (0h-48h) inundation depth (geotiff)
(different probability of rainfall)

9.2.  Flood risk evaluation
Using GIS, flood risk valuation will be possible.
- Input: output of RRI model calculation, census data (houses, population, etc.)

- Output: amount of exposure (inundated houses, affected population, etc.)

9.3.  Evaluation of effect of countermeasures

9.3.1 Utilization of RRI model for evaluation of effect of countermeasures

- Input: DEM(with countermeasures), Land use(with countermeasures), Precipitation
- Output: inundated area, inundation depth, inundation duration

- Output2: difference between results before and after countermeasure

9.3.2 Issues and proposal for utilization
- Issues
Reflection of effect of countermeasures (forest conservation, river facilities) to the model is

necessary.

- Proposal of measures
Forest conservation effect should be reflected to land use data of RRI model.
River facilities should be reflected to river data (width, depth, height of dikes) of RRI model.
Large embankment should be reflected to DEM of RRI model.
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9.4. Flood damage evaluation

Using GIS, flood damage valuation will be possible.

- Input: output of RRI model calculation, population, asset data (house assets, industrial assets,
crops, etc.), damage curve (relation formula of inundation depth and damage)

- Output: amount of damage (Number of casualties, house damage, industry damage, crop

damage, etc.)

9.5.  Application to Crisis Management System

9.5.1 Utilization of RRI model for application to crisis management system

- Input: DEM, Land use, precipitation scenarios (e.g., Past largest rainfall, rainfall
probabilities (e.g., 0.5%, 1%, 2%), etc.)

- Output: inundated area, inundation depth, inundation duration

9.5.2 Issues and proposal for utilization
- Issues
Practical scenario is necessary to make the system effective.
- Proposal of measures
Consider evacuation order issuance criteria (precipitation, discharge) in consideration of
appropriate scenarios (e.g., past largest rainfall scenario, several rainfall probabilities (e.g.,

0.5%, 1%, 2%) scenario, etc.).

9.6. Application to Early Warning System

9.6.1 Utilization of RRI model for application to early warning system

- Input: DEM, Land use, precipitation scenarios (e.g., Past largest rainfall, rainfall
probabilities (e.g., 0.5%, 1%, 2%), etc.)

- Output: inundated area, inundation depth, inundation duration

9.6.2 Issues and proposal for utilization
- Issues
Automatic collection (system) of meteorological and hydrological data is necessary.
Immediate calculation is necessary.
Forecasted precipitation is necessary.
- Proposal of measures
Construct a collection system of observation data.

Introduce a dedicated workstation with high computation speed.
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Utilize grid time series rainfall forecast based on radar rainfall observation etc.
Disclaimer:

The author is not responsible for any damages or malfunctions caused by the use of software

listed in this guideline and the included files.
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Today outline is below.

1. Introduction
Outline of RRI model(Radovish model)

3. PCsetting
a) vc_redist.x64.exe

d) w_fcompxe_redist_intel64.msi
c) mingw-w64-install.exe( for gfortran)
4. Outline of Training on next day



(1) Introduction

1-1) ~ainfall-~“unoff-'lnundation model
% Outline of RRI model Based on the explanatory materials by ICHARM*, Japan
Structures

1D Diffusion
in River

Input

Subsurface + Surface

Output

Rainfall

Discharge

DEM

- -' W. Level

Land Cover

Inundation

Cross Sec.

2D Diffusion

‘0 Catchment Vertical Infiltration

* Two-dimensional model capable of simulating rainfall-runoff and flood inundation simultaneously

* The model deals with slopes and river channels separately

e At a grid cell in which a river channel is located, the model assumes that both slope and river are
positioned within the same grid cell




(1) Introduction

1-1) ~ainfall-~“unoff-'lnundation model

% Outline of RRI model Based on the explanatory materials by ICHARM*, Japan
Features

1) Integration for versatile topography: The RRI model analyzes river channels one-dimensionally and
land area two-dimensionally. It is applicable to basins including mountains and plains.

2) Fast, stable numerical algorithm: In the project of International Center for Water Hazard and Risk
Management (ICHARM), it had been capable of simulating rainfall-runoff-inundation for a period of
five months in the Chao Phraya River basin (160,000 km?2) within two hours.

3) Analysis with complex hydrological processes: It can simulate lateral subsurface flows in
mountainous areas, vertical infiltration flows in plain areas, structures such as levees, dams and
diversion channels.

4) Tools for emergency-response modeling: Complete with tools and manuals for effective use of
satellite rainfall and topological information.




(1) Introduction

1-1) ~ainfall-~“unoff-'lnundation model

% Outline of RRI model Based on the explanatory materials by ICHARM*, Japan
Main difference between typical
distributed Rainfall-Runoff models and RRI?

Distributed R-R Model RRI model
(1D kinematic(or similar)) (2D Diffusive)
Flow directions are fixed Flow directions change
based on topography. based on water levels.
N
N
N
L —
e
[]

“Distributed R-R Model needs separately the flood model for estimation of the inundation area.
*RRI model is capable of simulating rainfall-runoff and flood inundation simultaneously.



(2) Outline of RRI model(Radovish model)

2-1) Introduction

% Basic condition of model development in the Radovish river basin

Basin Area:
476km?

A :Rain Observation Station
H : Stream water level and discharge Observation Station




(2) Outline of RRI model(Radovish model)

2-2) Input data
% Digital-Elevation-Model(DEM)

X Digital Elevation model (DEM) was prepared by using SRTM 3sec grid DEM >



(2) Outline of RRI model(Radovish model)

2-2) Input data
% Flow Direction model(DIR)

> Flow direction model (DIR) was prepared from DEM g



(2) Outline of RRI model(Radovish model)

2-2) Input data
% Accumulative Flow model(ACC)

¢ Accumulative Flow (ACC) model was prepared by using DEM and DIR. 9



(2) Outline of RRI model(Radovish model)

2-3) Model condition setting
Y Setting of river width and depth

- Empirical equations
For the estimation,

the following empirical equations can be used to represent river width and
depths for each river grid-cell.

where A is the upstream catchment area in [km?] for each river grid-cell.
Note that the units of width and depth are in [m].

10



(2) Outline of RRI model(Radovish model)

2-3) Model condition setting
Y River width

11



(2) Outline of RRI model(Radovish model)

2-3) Model condition setting
Y River depth

1z



(2) Outline of RRI model(Radovish model)

2-3) Model condition setting

Y Land cover

There are 8 types of land cover in Radovish basin (shown in red)

>¢Land cover model was prepared from USGS data 13



(2) Outline of RRI model(Radovish model)

2-3) Model condition setting
* Soil type

This model was not used for RRI model development because
the soil type parameters is considered in land use class already.

2 Soil type model was prepared by FAO data. 14



(2) Outline of RRI model(Radovish model)

2-3) Model condition setting

% Setting parameter

¢ Parameter was set using land cover

*With this parameter, RRI model can express discharge observation records in Japanese
river basin using real precipitation records.
Based on this, parameters had been adjusted so that the flood of Radovish could be

calculated appropriately. 15




(2) Outline of RRI model(Radovish model)

2-4) Preparation of Rainfall model
% Flood event

The significant flood events in the past were shown in below Table.

~ [Flood event in Dec./2008]

Radovish Clty Overflow i_n the:: bri)dge 16
(The Sushica river




(2) Outline of RRI model(Radovish model)

2-4) Preparation of Rainfall model
Y Input Rainfall model

* Observed records of precipitation and discharge do not correspond well
* Heavy rainfall may occurs in specific
* The rainfall area was defined only around Radovish River basin as shown in below figure (Green hatch)

17



(2) Outline of RRI model(Radovish model)

2-4) Preparation of Rainfall model

% Input Rainfall model(Estimation of precipitation amount)

* Relationship between rainfall intensity and duration in probability at Stip was estimated from formula
by Blinkov and Jagev (2004)

 Total rainfall of 1%, 2% and 4% probability were calculated using probability precipitation program
from annual daily maximum precipitation in Stip

Probability 1% at Stip Probability 2% at Stip Probability 4% at Stip
Total rainfall: 117.1mm Total rainfall: 100.2mm Total rainfall: 84.05mm

30040

a00.0
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‘ Probability 1% at Stip ‘ Probability 2% at Stip Probability 4% at Stip
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(2) Outline of RRI model(Radovish model)

2-5) RRI Results and Verification
Y Results

N
* Green square shown is consistent with the discharge 159.49m3/s at Radovish in Dec. 2008 flood(Blinkov and

Lazareva (2016))

* Red square shown is the result of RRI model calculation with 2% probability rainfall and consistent with the
discharge at Sushevo on Mar. 1962(largest discharge during about 50 years’observation)

*  Blue square shown is similar to the discharge at Sushevo on Nov. 2004 19




(2) Outline of RRI model(Radovish model)

2-5) RRI Results and Verification
% Verification(Stream discharge)

Near inundation site in
Radvish river

Discharge observation site
(Sushevo)
Near inundation site in Radvish river

*  Blinkov and Lazareva (2016) reported that catchment area of Radovish River is 54.38km?2.
*  Catchment area upper than the flooded area in Radovish of Dec. 2008 flood is about 53km2, and it close reported
by Blinkov and Lazareva (2016).

*  Moreover, discharge obtained from RRI is consistent well with that estimated by Blinkov and Lazareva (2016). 20



(2) Outline of RRI model(Radovish model)

2-5) RRI Results and Verification

% Verification(Inundation area)

Interview(2019/6/13)

Photo(2008/12/4)

From the interview conducted on 13 June 2019 to local resident about Dec. 2008 flood in Radovish, flood reached

to the field next to the house on the left bank of the Radovish River ().

As a result, it was confirmed that the inundation area shown in above circle and photos shown below are the same
21

area at 4 December 2008.



(3) PC Setting

3-1) Copy all folder and file
(DCopy “USB” and paste it under “Desktop”

* ExtraData :

HydroSHEDS IMAGE(DEM,ACC,DIR), Images(Map), obsdata(precipitation),
Parameter

 QGIS:

Install file 2<In this lecture, does not use.
* RRI:

Presetting, RRI-CUI, RRI-GUI, Teams_of Agreement
* tool :

Creating program of topography data

22



(3) PC Setting

3-1) Copy all folder and file
(@)Copy “RRI” folder from USB and paste it under “C:¥”

* Presetting :

mingw-w64-install.exe etc
* RRI-CUI :

RRI-Model with Command User Interface (Advanced)
* RRI-GUI :

RRI-Model with Graphical User Interface)
* Terms_of Agreement

<— |n this lecture

* vc_redist.x6k4.exe
* w_fcompxe_redist_intel64.msi
:/ etc
| RRI-Model with Command Prompt
— “| (For advanced user)

(Graphical User Interface)

23



(3) PC Setting

3-2) Install libraries
(DcCheck your PC: 32bit or 64 bit?

(1) Right Click on My Computer

(3) Check 32bit or 64bit

A\

Property

(2) Select “property “

24



(3) PC Setting

3-2) Install libraries
@lnstall libraries

Before execute RRI-GUI, install three programs saved in “presetting” folder.
1. Intel Fortran Redistributable Library Packages (w_fcompxe_redist)
2. Visual C++ Redistributable Packages (vcredist)

3. mingw-w64-install.exe

If your computer is 64 bit machine,
install “w_fcompxe_redist_intel64.msi’
,and “vcredist_x64.exe” .

U

If your computer is 32 bit machine,
install “w_fcompxe_redist_ia32.msi”
,and “vcredist_x86.exe” .

25




(3) PC Setting
3-3) Execute RRI_Builder.exe

* Execute RRI_BUILDER 32.exe for 32bit machine or
RRI_BUILDER_64.exe for 64 bit machine.

Click the " EXIT"

Q/

26



(3) PC Setting
3-4) Add a path to

(DCheck installed the “mingw-w64”

"Program File(x86)"—" mingw-w6L4"
—" 1686-8.1.0-posix-dwarf-rt_v6-rev0”
—"mingw-32"—"bin"—

Yl[e Click

)

Double Click

Confirmation of “gfortran.exe”

27



(3) PC Setting

3-4) Add a path to “mingw-w64”
(2Add a path

Add a path to “mingw-w64” with the following steps.

1. Select Computer from the Start menu

2. Choose System Properties from the context menu

3. Click on Environment Variable, under User’s Variables, find PATH, and click to
edit it

4. In the Edit windows, modify PATH by adding “C:¥Program Files (x86)¥mingw-
w64¥i686-8.1.0-posix-dwarf-rt_v6-rev0¥mingw32¥bin”

YATLOTO/TA X
IE1-9-& N-FUTP FEHE YATLORE UT-+
(1) Right Click on My Computer Administrator £LTOS AYLELBELE, ThEDELALREETE R A

KOA-VA
BEDR. TOLyFORT591-)b ATV ER. BEFEREXTY

(3) Select "Enviromerit Vartable”
PEVEVINC AWl Y E
EBE(E)..

EErmEmE
YATLRE., VATLESE, B&UT NI 5%

\ BED

Environment Variable

Property

(2) Select "property ” oK syl || wAl




(3) Outline of Training on next day

Tomorrow outline is below.

1. Explanation of target area

2. Exercise of data creation
a) dem data and dem adjustment

d) dir data ?XFlow Direction

c) ACC data >¢Flow Accumulation

d) landuse and soil data

e) River settings

f) Rainfall data with Thiessen Polygon method
3. Outline of Training on next day
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1. Outline of Rainfall-Runoff-Inundation (RRI) Model

1.1 Model Structure Overview

Rainfall-Runoff-Inundation (RRI) model is a two-dimensional model capable of simulating
rainfall-runoff and flood inundation simultaneously (Sayama et al., 2012, Sayama et al.,
2015a, Sayama et al., 2015b). The model deals with slopes and river channels separately. At
a grid cell in which a river channel is located, the model assumes that both slope and river
are positioned within the same grid cell. The channel is discretized as a single line along its
centerline of the overlying slope grid cell. The flow on the slope grid cells is calculated with
the 2D diffusive wave model, while the channel flow is calculated with the 1D diffusive wave
model. For better representations of rainfall-runoff-inundation processes, the RRI model
simulates also lateral subsurface flow, vertical infiltration flow and surface flow. The lateral
subsurface flow, which is typically more important in mountainous regions, is treated in
terms of the discharge-hydraulic gradient relationship, which takes into account both
saturated subsurface and surface flows. On the other hand, the vertical infiltration flow is
estimated by using the Green-Ampt model. The flow interaction between the river channel
and slope is estimated based on different overflowing formulae, depending on water-level

and levee-height conditions.

1D Diffusion in River and Interaction with Land

Subsurface + Surface

2D Diffusion on Land Vertical Infiltration

Schematic diagram of Rainfall-Runoff-Inundation (RRI) Model
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1) RRI is a 2D model simulating for rainfall-runoff and flood inundation simultaneously.

3) It simulates lateral subsurface flow in mountainous areas and infiltration in flat areas.

1
1
1
' 2) Tt simulates flows on land and in river and their interactions at a river basin scale.
I
1
1

1.2 Governing Equations of RRI Model

A method to calculate lateral flows on slope grid-cells is characterized as “a storage
cell-based inundation model" (e.g. Hunter et al. 2007). The model equations are derived
based on the following mass balance equation (1) and momentum equation (2) for gradually

varied unsteady flow.

0

8—h+ai+i: r—f

ot ox oy

aq, N ouq, N ovq, ~ _gh oH 7, @)
ot OX oy X p,

0 ou ov

dy , MGy | M :—ghﬁ—r—y (3
o x oy P

where A is the height of water from the local surface, gx and gy are the unit width discharges
in x and y directions, u and v are the flow velocities in x and y directions, r is the rainfall
intensity, £is the infiltration rate, His the height of water from the datum, pw is the density
of water, gis the gravitational acceleration, and 7x and 7y are the shear stresses in x and y

directions. The second terms of the right side of (2) and (3) are calculated with the Manning’s

equation.
7, gn’uyu® +v? W
pw h1/3
T, gnivyu’® +v? ®)
= 1/3
Pu h

where nis the Manning’s roughness parameter.

Under the diffusion wave approximation, inertia terms (the left side terms of (2) and (3)) are
neglected. Moreover, by separating x and y directions (i.e. ignoring v and u terms in
equations (2) and (3) respectively), the following equations are derived:

! sgn[ﬁ) (6)
OX

— __h5/3
Ay n

oH

OX
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1 5/3
ay :_Hh

oH

sgn(ﬁJ (7)
oy oy

where sgn is the signum function.

The RRI model spatially discretizes mass balance equation (1) as follows:

ij -1 i i-1j Nl N o
dh +qx qx +qy qy :rI,J_fl,j (8)

dt AX Ay

where gx¥/, g,/ are x and y direction discharges from a grid cell at (, ).

By combining the equations of (6), (7) and (8), water depths and discharges are calculated at
each grid cell for each time step. One important difference between the RRI model and other
inundation models is that the former uses different forms of the discharge-hydraulic
gradient relationship, so that it can simulate both surface and subsurface flows with the
same algorithm. The RRI model replaces the equations (6) and (7) with the following
equations of (9) and (10), which were originally conceptualized by Ishihara and Takasao
(1962) and formulated with a single variable by Takasao and Shiiba (1976, 1988) based on
kinematic wave approximations. The first equations in (9) and (10) (4 < d.) describe the
saturated subsurface flow based on the Darcy law, while the second equations (d. < h)
describe the combination of the saturated subsurface flow and the surface flow. Note that for
the kinematic wave model, the hydraulic gradient is assumed to be equal to the topographic

slope, whereas the RRI model assumes the water surface slope as the hydraulic gradient.

hSh (h<d,)

h=1 oH|  (oH oH ©
—=(h—d, )" |— (—]—k h—, d, <h
~(h—d, P =son| = =k == (da<h)
-kah%H, (h<d,)

VI oH|  (eH oH (0
—=(h-d,)*"® —sgn(—j—kah—, (d, <h)
n oy oy oy

where k. is the lateral saturated hydraulic conductivity and ds is the soil depth times the

effective porosity.

Equations (11) and (12) can be also used to simulate the effect of unsaturated, saturated
subsurface flow and surface flow with the single variable of A (Tachikawa et al. 2004,
Sayama and McDonnell 2009 for English).
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(2 H o,

q, = _ka(h_dm)%_':_kmdm%'*, (d,<h<d,) an
_%(h_da)m aa_': gn(aa—:]—ka(h—dm)aa—H—kmdm%, (d, <h)
—kmdm%}ﬂﬂ (h<d,)

q, = -ka(h—dm)%—kmdm%, d, <h<d,) (12)
_%(h_da)f”f* %‘sgn[%j—ka(h—dm)%—kmdm%, (d, <h)

Note that to assure the continuity of the discharge change when A = dm, the lateral hydraulic
conductivity in unsaturated zone (k=) can be computed by km = ka/ 5, so that km is no longer

the model parameter.

These stage-discharge relationship equations were originally developed to be applied to
humid forest areas with a high permeable soil layer, where a lateral subsurface flow is the
dominant runoff generation mechanism. On the other hand, for relatively flat areas, the
vertical infiltration process during the first period of rainfall has more impact on large-scale
flooding; therefore, the vertical infiltration can be treated as loss for event-based simulation.
Here we calculate infiltration loss £ with the Green-Ampt infiltration model (Raws et al.,
1992).

f= k{1+(¢_¢} (13)

where kv is the vertical saturated hydraulic conductivity, ¢1is the soil porosity, #;is the initial
water volume content, Sris the suction at the vertical wetting front and #'is the cumulative

infiltration depth.

Typically for mountainous areas where lateral subsurface flow and saturated excess
overland flow dominate, the equations (9) and (10) (or (11) and (12)) can be used with setting
fequals to be zero. (Note that the equations (9) and (10) (or (11) and (12)) implicitly assume
that the vertical infiltration rate within the soil is infinity.) On the other hand, for plain
areas where infiltration excess overland flow dominates, the surface flow equations (6) and

(7) can be used with the consideration of vertical infiltration by equation (13). If the vertical
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infiltration fis set to be non-zero and the lateral subsurface equations are used instead of the

surface flow equation, the lateral subsurface water is infiltrated to bedrock by the rate of £

As one can see from the equations, the parameter values of k., km and kv decide which
equations to be used; i.e. (6) and (7) are used when k. and &k are zero, (9) and (10) are used

when kn is zero, and (13) is inactivated when kv is zero.

1.3 One-dimensional River Routing Model

A one-dimensional diffusive wave model is applied to river grid cells. The geometry is
assumed to be rectangle, whose shapes are defined by width W, depth D and embankment
height He.. When detailed geometry information is not available, the width and depth are

approximated by the following function of upstream contributing area A4 [km2].

W =C, A* (14)

D =C,A% (15)

where Cw, Sw, Cp and Sp are geometry parameters. Here the units of Wand D are meters.

1.4 River and Slope Water Exchange

Water exchange between a slope grid cell and an overlying river grid cell is calculated at
each time step depending on the relationship among the levels of slope water, river water,
levee crown and ground. The figure below shows four different conditions. For each
condition, different overtopping formulae are applied to calculate the unit length discharge
from slope to river (gs) or from river to slope (g:s), which are then multiplied by the length of
the river vector at each grid cell to calculate the total exchange flow rate (Iwasa and Inoue,
1982).
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(a) When the river water level is lower than the ground level, gs is calculated by the

following step fall formula.

qsr = :ulhs‘\l ghs (16)

where 7 is the constant coefficient (=(2/3)3/2), and As is the water depth on a slope cell. As
far as the river water level is lower than the ground level, the same equation is used even for

the case with levees so that the slope water can flow into the river.

(b) When the river water level is higher than the ground level and both the river and slope
water levels are lower than the levee height, no water exchange is assumed between the

slope and river.

(c) When the river water level is higher than the levee crown and the slope water level, the
following formula is used to calculate overtopping flow ¢:s from river to slope.

uh2gh, h, /b <2/3

s = amn

ﬂ3h2\/29(hl_h2) h, /by >2/3

where u2 and us are the constant coefficients (=0.35, 0.91), and A; is the difference between

the river water level and the levee crown.
(d) When the slope water level is higher than the levee height and the river water level, the
same formula as (17) is used to calculate overtopping flow gs- from slope to river. In this case,

hi 1s the elevation difference between the slope and the river, and Az is the elevation

difference between the river and the levee crown.

1.5 Numerical Scheme

To solve equations (8), (9) and (10), the fifth-order Runge-Kutta method with adaptive
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time-step control is applied. This method solves an ordinary differential equation by the
general fifth-order Runge-Kutta formula and estimates its error by an embedded forth-order
formula to control the time-step (Cash and Karp 1990, Press et al. 1992).

The general form of the fifth-order Runge-Kutta formula is

k, = Atf (t,h,)

k, = Atf (t +a,At, h, +b,k,)

(18)
ke = Atf (t + a,At, h, + bk, +--bks)

Ny =N+ Gk, + €K, + €5k + K, + ok +Cokg +O(AL®)

while the embedded forth-order formula (Cash and Karp 1990) is
s =h+Ck, +C Tk, +C kg + 0Tk, +Ckg +Ck +O(A°) (19)

By subtracting A+ minus A%+, the error can be estimated by using k; to ks as follows,

6

s=h,,—h = Z(ci —cf)ki (20)

i=1
The constant values (ai, bij, ci, ¢i’) used in this study are the ones introduced by Cash and
Karp (1990). If Sexceeds a desired accuracy a4, As+: is recalculated with a smaller time step

(A t post) .

0.25

,0.5At | (21)

At =max O.9At%d

post

As described above, the RRI model calculates slopes, rivers and slope-river interactions.
Model users specify the time step for slope-river interaction Az, which is also used as an initial
time step for slope calculations. Since river calculations usually require smaller time steps
because of higher water velocities and depths, the model allows river calculations to proceed
independently with different time steps until the next river-slope calculation time step. The
initial time step for river calculation (4¢:) can be also specified by model users as the common

divisor of At In this study, 6= 0.01, 4¢= 600 sec. and Az = 60 sec. were used.
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2. Getting Started

RRI model and related tools were originally developed with Fortran 90 computer language.

The model has been operated on Command User Interface (CUI) such as Command
Prompt on Windows. Since 2014, RRI-Graphical User Interface (GUI) has been also
developed to support users for efficient model building and result visualization.

For non-experts in hydrologic modeling, it is recommended to use RRI-GUI to begin
with by referring to Section 9 to learn the basic steps with RRI-GUI.

Refer to Section 2 (i.e. this following chapter) on the tutorial of RRI-CUI, followed by
more detail descriptions in Sections 3 to 7. Section 8 shows an application example
including some advanced model settings.

If you use RRI-GUI not RRI-CUI, you can skip the following steps. Go directly to Section 9.

Yes
Use GUI
No v
Section 2 Getting Started Model Building
¢ ¢ Section 9
Section 3 Topographic Data Result Viewing
Section 4 Input Rainfall
Section 5 Condition Settings
Section 6 Running RRI
Section 7 Result Viewing

There are essentially five steps to conduct RRI Model simulation.

1. Preparing topography data (Section 3)

2. Preparing input rainfall data (Section 4)

3. Preparing model condition files with parameter settings (Section 5)
4. Executing RRI Model. (Section 6)

5. Plotting output data (Section 7)

Among the five steps, only the essence of step 4 and 5 are described here with sample data of

the Solo River Basin (in 30 sec resolution) in Indonesia.
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2.1 Preparation for the use of RRI-CUI

1) Unzip “RRI_1.4.2.zip” and move it under a working directory (e.g. C:\).

2) Add a path to RRI-CUI folder with the following steps (e.g. for Windows 7)

1.

2
3.
4

Select Computer from the Start menu

Choose System Properties from the context menu

Click Advanced system settings - Advanced tab

Click on Environment Variables, under User’s Variables, find PATH, and click to
edit it. If you do not have the item PATH, you may select to add a new variable
and add PATH as the name.

In the Edit windows, modify PATH by adding “;C:/RRI/RRI-CUI/bin/” (for 64 bit)
or SC/RRI/RRI-CUI/bin32/” (for 32 bit) at the end of line.

Note: do not delete existing PATH settings. Only add the above item to the
existing line. Also do not forget to add “” to separate it from the existing path
folders.

Click OK and close Command Prompt windows if opened.

3) If your computer has no Intel Fortran installed, run
RRI/RRI-CUI/etc/w-fcompxe/w_fcompxe redist_intel64_2013.5.198.msi (for 64 bit) or
RRI/RRI-CUI/etc/w-fcompxe/w_fcompxe_redist_ia32_2013.5.198.msi (for 32 bit),

which installs necessary library files to execute RRI programs compiled by Intel Fortran.

4) Open Command Prompt by Start = All Programs = Accessories 2 Command Prompt

(If your computer has Intel Fortran installed, you may also operate it from
Start = All Programs - Intel(R) Software Development Tools = Intel(R) Fortran

Compiler ** = Fortran Build Environment for Applications running on ...)

2.2 Run RRI Model

Open “RRI_Input.txt” under “RRI-CUI/Project/solo30s” with a text editor and look inside the
file. This is a control file used by RRI Model. By editing the RRI_Input.txt file, you change the

simulation settings.
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|
RRI_Input_Format_Verl_4_2

RRI_Input.txt

|

|

: Jrain/rain.dat
1 ./topo/adem.txt
: Jtopo/acc.txt

| ./topo/adir.txt
|
|
|
|
|
|
|

0 # utm(1) or latlon(0)
1 # 4-direction (0), 8-direction(1)
360 # lasth [hour]
600 # dt [sec]
L e, e, e, e, = = a

For example, L3 specifies the path to an input rainfall file and L.4 — L6 specify the paths to

input topography files (adem, acc, and adir).

Open Command Prompt and type in “cd C:/RRI/RRI-GUI/Project/solo30s/” to change the

current directly.

& Intel Composer XE 2013 SP1 Intel(R) 64 Visual Studio 2010 L= | B %

| =1 L a1 T anin ond

d ¢:/RRI/RRI-CUI/Project/solo30s

crosoft al

Type in “O_rri_1_4_2.exe” and enter to execute RRI Model with RRI_Input.txt.

R) Composer XE 2011 Intel(R) 64 Visual
01 I

Studic 2008 - 0_rri.exa | ] | S

& Intel(
e ———
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Confirm the output files are successfully created inside the directory of
“RRI/RRI-CUI/Project/solo30s/out/”. Note that “hr_000001.out” represents the spatial
distribution of river water depths [m] at the output time step 1. “hs_000001.out” and
“gqr_000001.out” represent those of slope water depths [m] and river discharge [m3/s],

respectively.

2.3 Post Analysis

2.3.1 Visualize Inundation Depth (./out/hs_***.out) with GNUPLOT

Run a GNUPLOT installation program “RRI-CUl/etc/gp466-win32-setup.exe” and install it
onto your PC. If the installation is successful, “gnuplot” folder is appeared under All Programs
of windows. Choose “gnuplot 4.6” to run GNUPLOT.

Open “RRI-CUI/Model/hs.plt” with a text editor. It is a GNUPLOT script file to convert from
the simulation outputs (e.g. .Jout/hs_***.out) to gif files to visualize inundation depth

distributions.

hs_plt.txt

set terminal gif medium size 672, 408 crop

set pm3d map
set palette defined (0.0 "gray", 1.5 "blue", 3 "green")

set xrange [0:]
set yrange [‘] reverse
set zrange [0:] reverse

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: #set xrange [180:200]
| #set yrange [435:455] reverse
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

set cbrange(0.:3]
set zrange[0.0:]

From RRI output (hs_***.out) to gif

set output|"./hs/hs_000001.gif"

splot |"./out/hs 000001.out" matrix t "000001 / 000096"

set output "./hs/hs_000002.gif"
splot "./out/hs_000002.out" matrix t "000002 / 000096"

set output "./hs/hs_000003.gif"
splot "./out/hs_000003.out" matrix t "000003 / 000096"




Select “Open” on GNUPLOT Toolbar and open “RRI-CUI/Project/solo30s/hs.plt”, which is a

script file to create gif files from the RRI output (see above figure).

Look at “RRI-CUI/Project/solo30s/hs” directory, where gif files are newly created. Check the

created gif files by preview.

Functions General Axes Chart Styles 3D Help

©u Replgt = grSeve—=2 ChDir & Print & PriSc { Prev & Next g Options ~

GNUPLOT
Yerzion 4.6 patchlevel 3 last moth

Build System: M3-Windows 32 bit
Copvright (C) 1986-1393, 1998,

ied doril o3 | GNUPLOT

Thomas Williams, Colin kelley a
|
gnuplot home: hﬂp:gf/lrwf\"f\'..gnLl 4
taq, bugs, etc: twee “hele FA
immediate help:  twpe "help
, ' § FFaxsh
Termiral twvpe set to wxt - oEr
enuplot> _ i A
[ & Ta=zus
i Select “hs.plt”
Mm—Ln—
2 ALEMN): - [efeut () -
L [(~eze | [ms0) [ [#reen ]
: _ J

Right click and preview

L IPOUF) EEE) BRV) Y—IKT) ALT(H
e | @EC v ASARIs— R ETAATRETE  HLLTALS— - 1 @
W FAY T * (| hs_000001.gif
Jy sayama [  [88hs_0000OZ.gif
J} Documents [E5he_000005.gi = TPAIMF) + BREIP) - BFA-IE BERHU) + E0) -
|| RRI 5] hs_000007.gif []hs
\. summary 59 hs_000009.gif 58] hs] 0 . . T : - - 3
L share £ [59hs_o00011.gif [ hs 000673 / 0OOBIE
L share-sayama 5] hs_000013.gif &8 hs ] sa | — 2.9
L sayama_desk (SAYA_ (5| hs_000015.gif [ hs
| ESSEEk IOz 5] hs_000017.gif [58]hs] 100 [ 7 i
8 FoL0-F || [58/hs_000010.gif [s#|hs] 1.5
E BERRUILER 5 hs_000021.if [ hs 150 - 2 4
5] hs_000023.gif 58| hs - gl i :
= 517354 57 hs_000025.gif 5] hs 208 - 7
E BFaxzh 5 hs_000027.if [ hs ™
= ETFr &6 hs_000020.gif 58 hs | bea . I . I . ! ]
i EFA @hs_OOODE].gif @hs_ ] 58 188 158 200 258 300 350
A Fa—wws 7| et ononon - =t
= hs_000001.gif E57Hk: 2012/11/12 8:35 G g
GIF A A—3> KEE: 571% 287 {EFEAE: 3
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2.3.2 Compute hydrograph

Look at “RRI/RRI-CUI/Project/solo30s/calcHydro.txt” (see “./etc/calcHydro/00_readme.txt” for
more details)

L1 : [In] location file (e.g. ./location.txt)

L2 : [In] RRI output file (e.g. .Jout/qr_***.txt)

L3 : [Out] hydrograph file (e.g. ./disc_Cepu.txt)

On Command Prompt with current folder at “./Project/solo30s/”, type in “calcHydro.exe” to

compute time series data from RRI output files.

—— - -
@ Intel(R) Composer XE 2011 Intel(R) 64 Visual Studio 2008 | B ||

00074 cut
calcHydro.exe

0.00789

disc_cepu.txt

1

2 0.04591
3 0.08256
4 0.10557
5 0.12529
6

7

8

9

0.14543

0.24838

0.56375
69.88281

10 967.36834
11 1322.37727
12 1429.53330
13  1518.85970




Visualize the created hydrograph file (e.g. “/infile/solo30s/disc_Cepu.txt”) by GNUPLOT.

From GNUPLOT screen, open and select “hydro.plt”, which is a GNUPLOT script file to
plot hydrograph from the “disc_Cepu.txt”.

E GI"IUpIOt (window id : Dn — — = | =] X I
Hie#H@aaaly?
2500 T T T R T
"disc_Cepu.txt”
2000 -
1500 -
1000 -
500 -
0 | | | | | 1 | | | |
0 10 20 30 40 50 60 70 80 Qa0 100
-2.03509, 2005.45 |

Look at “./Project/solo30s/calcPeak.txt” (see “/etc/calcPeak/00_readme.txt” for more details)
and edit the file if necessary.

L1 : [in] dem file (e.g. ./topo/adem.txt)

L2 : [in] output file without numbers or extension (e.g. ./out/hs_)

L3 : [in] the number of output files (e.g. 96)

L4 : [out] output peak inundation depth file (e.g. ./hpeak.txt)

On Command Prompt with current folder at “RRI/Project/solo30s/”, type in

“calcPeak.exe” to compute peak inundation depth.
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1 ncols 336 :
: frows 204 hpeak.txt :
1 xllcorner 110.2 :
I yllcorner -8.3 |
: cellsize 0.00833333333333 1
| NODATA _value -9999 !
: -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 1
1 "9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 :
: -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
1 79999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 :
S 4

Visualize created “hpeak.txt” on ArcGIS by converting it from ASCII to Raster.

1) Start ArcGIS (Skip the following procedure if ArcGIS softwre is inaccessible. Consider

the use of GRASS GIS by following the instruction in 3.3)
2) From ArcToolbox = [Conversion Tools] = [To Raster] 2> [ASCII to Raster]

[ - -
@ EZ - ArcMap - Arcview —

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
IR y=g= B - =1 O+ A -7 | 16] M Ul Gotic
RE MO 1k L) B2 8|0 Bl manayste| oy [

Terrain Preprocessing - Terrain Morphology + Watershed Processing - Attribute Tools - Network Tools = ApUtilities~ ¥, 2 o, == sz TEI§ B # Help =

~ 10 vsjgiv&-

@@,

| Drawing~ K

Editor -

|| ArcToolbox R x Table Of Contents 7 x - |
ArcToolbox E| lz‘ TP YNE|
& 3D Analyst Tools = Layers |
&3 Analysis Tools

B3 Cartography Tools

- Conversion Tools

-8 From KML

& From Raster

-8 From WFS

& Metadata

& To CAD

-8 To Collada

& To Coverage

-8 To dBASE

-8 To Geodatabase

&: To KML

- To Raster
#,, ASCII to Raster
#., DEM to Raster
#%, Feature to Raster

ll #, Float to Raster

#, Point to Raster

#, Polygon to Raster

#, Polyline to Raster

Il 5 Raster To Other Formi

& To Shapefile

G Data Management Toaols
B Editing Tools

- Geocoding Tools

) Geostatistical Analyst Tools
&) Linear Referencing Tools
-8 Multidimension Tools

< m v

& Data Interoperability Tools ||

w

Input: C:\RRINRRI-CUI\Project\solo30s\hpeak.txt

Input ASCI raster file

e RR¥Packa

ee¥RRKMode ¥infils¥zol k_30s_solotxt

Output raster

G ¥Package¥RF

Output data type (optional)
FLOAT

ite¥soloBls¥eis¥hpeak 30s

m

e.g. Output: C\RRINRRI-CUI\Project\solo30s\gis\hpeak_30s

][ cancel | [Environments... | [ <<Hiderel |

[@e| 2 n « m '

467.665 202.395 Unknown Units

3) For the input data, select “hpeak.txt”. For the
“RRI/StudySite/solo30s/gis/hpeak_30s”.

output raster, a user may use
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CoTer s | BN
I File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
O S Bx|9 & - Z|EE [ ioawng- k¢l O~ A~ 6] M5 LT Gothic - - B UlA-d-

| HERCRUN* T4 § k@ bl ) B . | 3D Analyst-| Layer: [@ hpeak_solo T LA Eawe Ll S Qe

Terrain Preprocessing - Terrain Morphology - Watershed Processing - Attribute Tools » Network Tools - ApUtilities~ 5, 2 &, == 3z 33 = » Help "

@

Editor - ” i £f

ArcToolbox R x Table Of Contents ax -

1 ArcToolbox 4 8¢E|HF

& 3D Analyst Tools 5 = Layers

B Analysis Tools BR=0 ek solo
& cartography Tools @
&3 Conversion Tools
I & From KML
» From Raster : : :
o o e Low: 0 Right click here and select properties
& Metadata
& To CAD
& To Collada
& To Coverage
& To dBASE
& To Geodatabase
& To KML
& To Raster
i-# ASCII to Raster
i, DEM to Raster
+# Feature to Raster
L., Float to Raster
% Point to Raster
~# Polygon to Raster
-5, Polyline to Raster
B -5 Raster To Other Form;
& To Shapefile
@ Data Interoperability Tools ju|

n

m

< i v [@a|en « m v
I 110.091 -7.849 Decimal Degrees

4) Right click “hpeak_30s” and select properties to change the layer color setting.

| General | Source | Extent I Dizplay | Symbology |

Show: Ftretch lues along a color ramp
Unique Values
Classified

Discrete Color

Value Label Labeling
l ERTIEich : =.25

Edit High/Low \u'alue

- 0 Low : 0
Cobrfere: N I >

|| Display Background Value: as

[T use hillshade effect : Display MoData as
Stretch
Type: Minimum-MaximLD w7 ] Histograms

D Invert

[ Apply Gamma Stretch:

0K | [ Fel ][ @AW

5) On the layer property, change the stretch type to “Minimum-Maximum” and change
Color Ramp if necessary. By checking “Edit High/Low Values”, you can change the max and

min value range of the stretching.
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File

DeEa -
CRCRN - N

ArcToolbox

Edit View Bookmarks Insert Selection

Ex(oels
-5 k@

ArcToolbox

B9 3D Analyst Toals
B Analysis Tools

& Cartography Tools
-@ Conversion Tools
& From KML

& To CAD
-&p To Collada

& ToKML
- To Raster

& From Raster
& From WFS
& Metadata

i

& To Coverage
& To dBASE
& To Geodatabase

{-# ASCII to Raster
i~ DEM to Raster
{4, Feature to Raster
1% Float to Raster
-#%, Point to Raster
i~ Polygon to Raster
i-#, Polyline to Raster
i & Raster To Other Formi
& To Shapefile
Data Interoperability Tools E|

i 3

3 x Table Of Contents

=IEAY ol

Terrain Preprocessing - Terrain Morphology - Watershed Processing - Attribute Tools - Network Tools - ApUtilities+ 5. 2 ®,

Geoprocessing Customize Windows  Help

EE Drawing- K (<) 25| [~ A - @) MS U Gothio -0 +B I UA-H- T
3D Analyst~| Layer: [@ hpeak_solo Bswill- @@

2@ B~ s Hep

Editor-| » %y | 2 2t G- 1S5 e el m Y

Value
l High : 4.25

Low: 0

m

YR m '

111.616 -5.972 Decimal Degrees

2-10



3. Preparing

This section shows the method to prepare topography data input to the RRI Model. The
topography data can be prepared by a user or downloaded from the website of USGS
HydroSHEDS, which is a global scale dataset offered by the United States Geological Survey

(USGS). The dataset includes elevation, flow direction and flow accumulation.

From the downloaded topographic dataset, a user must clip out the target river basin and
save them as ESRI/ASCII format files. Then using a program included in RRI Model package,
one adjusts the original DEM and flow direction data to be suitable for the RRI simulation.
The following chart shows the procedure descried in this section. In the previous section, the
30 second resolution of the Solo River Basin data was used, whereas this section presents how

to prepare the topographic data in 15 second.

|
Create a New Project Folder

When you prepare a new input topographic data, create a new project folder:

I
|
1
: Copy “newProject” folder including all the files and folders inside and save it with a new
1 project name under “RRI-CUI/Project/”.

1

|

Note: In the package, “RRI-CUI /Project/solo15s” is prepared in advance for the tutorial.

The flow of the procedure is as follows.

[ Download HydroSHEDS dataset ]

v

[ Create a Point Shapefile to identify a catchment outlet ]

+

[ Delineate a target catchment with the outlet and flow direction information ]

v

[ Using the catchment raster, extract dem, dir and acc ]

v

[Cm@ﬂﬂmﬁmﬁmm%mwm]

v

[ Adjust dem and dir for RRI simulation ]
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3.1 Downloading HydroSHEDS Data

The following three types of topography data must be downloaded from HydroSHEDS

website for RRI simulation.

1) Elevation data
3 arc-second (about 90 m), 15 arc-second (about 500 m), and 30 arc-second (about 1,000
m ) are available.
2) Flow direction data
3 arc-second, 15 arc-second, and 30 arc-second are available.
3) Flow accumulation data
Only 15 arc-second and 30 arc-second are available. For 3 arc-second resolution, a user
must prepare a flow accumulation by using a GIS function [Spatial Analyst] =

[Hydrologyl = [Flow Accumulation].

% For detailed specifications of HydroSHEDS, refer to HydroSHEDS Technical

Documentation packaged with the downloaded data.

@ Access USGS HydroSHEDS website (http:/hydrosheds.cr.usgs.gov/index.php) from a
web browser and then select and click the DATADOWNLOAD button on the lower left.

] USGS HydroSHEDS [+]

E3| i

HydroSHEDS

Gilobal river network
derived from SRTM

@ Select “15sec GRID: Conditioned DEM” and download “as_dem_15s_grid.zip” (207 MB)
for Asian region with 15 sec grid-size. NOTE that for 3 sec, choose “Void-filled DEM”. For
15 sec and 30 sec, only “Conditioned DEM” is available, but in fact they are the same as

previously named as “Void-filled DEM” (i.e. DEM along rivers are not deepened).
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® Select also “15 sec GRID: Flow Accumulation” and “15 sec Flow Direction” to download
“as_acc_15s_grid.zip” (132 MB) and “as_dir_15s_grid.zip” (64 MB) as well.

@ TUnzip the three types of topography data downloaded.
¢ Folder naming rule
“Continental range” _”Data type” _ “resolution”
e.g.) as_acc_15s — Asia catchment area data 15 sec
as_dem_15s — Asia digital elevation data 15 sec

as_dir_15s — Asia flow direction data 15 sec

3.2 Delineating HydroSHEDS Data using ArcGIS

(If ArcGIS is inaccessible, skip this section and go to 3.3 to use free GLASS GIS)

(D Start ArcMap, and read in the unzipped files by selecting [File] >[Add Datal. (Or use icon
of “Add Data” on the standard tool bar). Perform the same operation for all the three types
(dem, dir, acc) of topography data.

& e o
Q) HF - ArcMap - ArcView - I - oo =
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
O & B =] @ 177,461,369 - EE . orawing- K - A~ 0] MS I Gathic -+ B 7 U A-HL D
HFE MO il x| D Pl Eal _ (3D Analyste | Layer: [@as dem 1558 Y|P e LB E Q.
"I Terrain Preprocessing ~ Terrain Morphology - Watershed Processing - Attribute Tools -~ Network Tools -~ ApUtilities~ 5. 2 e, - 5z 30 @ B # Help _
Editor - -
ArcToolbox 2 x Table Of Contents 1 x =
i #, Flow Length - 2¢8| 3
L
;\ Sink = £ Layers -
%, Snap Pour Point = as_dem_15s
-5 Stream Link
i Value

.
%% Stream Order High : 8454
i #, Stream to Featur
i, Watershed

-& Interpolation

Low : -232

& Local
& Map Algebra E as_acc_13s
[ & Math value

-8 Multivariate High : 14353619

-8 Neighborhood

m

& Overlay Low : 1 L

& Raster Creation

-8 Reclass E M as_dir_15s

-8 Solar Radiation L -1

-8 Surface mo

& Zonal m!
- Spatial Statistics Tools m?

& Analyzing Patterns | o4

-8 Mapping Clusters ms

-8 Measuring Geegraph mis

-& Modeling Spatial Relg

32
& Rendering e
_-S; L{t\lit\e-s - E e b il

< T | 3 bl =1 1= RN e | »
Switches to data view 60.731 4.633 Decimal Degrees

s Selecting the folder to connect
If the folder you need to connect is not displayed in the window, click “Connect to Folder” to

connect to the working folder.
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Name: i¥Users¥sayama

Show of type: | patasets and Layers

@ Display the flow accumulation data (i.e. as_acc_15s) on top screen (change the color range
to show river network clearly). Then find your target river and decide the rectangular

range, which covers all upstream contributing area. (At this stage, the following rectangle

range should be just written down on your notebook and no operation is necessary with
GIS.)

| P Edt View Bookmarks Inert Selocton Geopmorseg  Customize  Windows  Help
fozas B %7 o b | hremon ] DEEE T3 A? g oawegs K50 A - 7 S WG YR g AR s
Rl R R k@ ZIMAR TRy 0| e ez CIRawlBE 0 @8y
I Turrain Preprocessing - Terrsin Morpholegy - Wistershed Processing - Atriube Took « Network Tocks = Aplitiities- ' & o, b 2 I R ~ Help

Edtie| b - s AT 9

- Data Management Took | !
W Ecitng Tocls F L
& I Geocoding Tools y

k- I Cocatatistiesl Anshyst T sl

1+ Linanr Rafarancing ook 2 .

+ G Multiimansion Tools High (kN ! / Sy SR s

& I Netwark Anabyst Tooks - ) - , .

& 1) Parcel Fabric ook Low 1 -232 - .')_ e 1r \ 59

& G Schematics Tevks a1 s ] \

- Server Took | B as_dir_1%s A S !

& @ Spaval Analyst Teols - j' - =
-l Conditonal 1 !
-l Density m
- Distance -
= B Extraction = i N 2 2

‘\mrmhywu.-ur ms 3%
Nomawoned D, P At e N
#, Extrmet by hask S - 7\ ™

3
* Extract by Ponts !

me

il B R Bl
LR

[y
v
iy
#, Extract Mt Vah! i i \; i
::M'r:t\c'alnukn {""‘%.:I..,,{ - 5 ks r/
il il =
i
o

ot Refer to coordinate

val Statatics Todls = |
J [ |mejew. "

1 [ ‘... — —) ¥ y
i 6.7 2685 Decimel Degroes
— _——
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110.2

6.6

e.g.)

Solo

River

113.0

-8.3

(The range should be written down on your notebook.)

@ Show arc catalog (from the main menu, [Windows] = [Catalog]).

On the arc catalog, “Folder Connections” to a working folder (e.g. RRI/Project/solo15s/gis/) and

right click to choose New = Shapefile to create a point Shapefile (e.g. Outlet).

Create New Shapefile

Mame:

4

Feature Type:

Cre soription:

[Duuet

IPDint

Spatial Reference

[] 5how Details

Unknown Coordinate System

|| Coordinates will contain M valuas. Used to store route data,
|| Coordinate s will contain Z values. Used to store 30 data.

F

(

Ok

| [ Cancel

® From the main menu [Customize] = [Toolbars] > [Editor]
On the Editor, choose [Start Editing], then Choose “Outlet” (the new Shapefile) to start

editting.
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=

Editor ~ e |2 O

ArcToolbox R x Table Of Contents
&3 3D Analyst Tools - E‘ 8$¢8 E

Terrain Preprocessing - Terrain Morphology -~ Watershed Processing - Attribute Tools - Network Tools ~ ApUtilities- =S, 2 e, =J- 3¢ @2

Start Editing

(2] =

This map contains data from more than one database or folder.
Please choose the layer or workspace to edit.

- Analysis Tools
@) Cartography Tools

&y Conversion Tools

B3 Data Interoperability Tc
&) Data Management Tool|

E = Layers

- = O
:

=] as_acc_15s

Value
@ Editing Tools High : 10
& Geocoding Tools I
Geostatistical Analyst T/~
S v Low : 1

-&J Linear Referencing Tool|
- & Multidimension Tools

&) Network Analyst Tools = ¢ as_dem_15

A ¥ as_dem_i5s.vat
3 @ras_dir_15s.vat
[ . “outet

2. Choose “Outlet” to start

editing the point coverage

5|

e Help _
TCatalog
s -l @|

B3 Parcel Fabric Tools Value
& Schematics Tools High : 845/
- Server Tools Source Type
£ @ Spatial Analyst Tools Low 1 =233 | 7§ CiymRI¥StudySite¥solo 15s¥gis Shapefiles / dBase Files
& Conditional |8 c¥sayama¥satelitedata¥hydrosheds¥ 15s¥...  ArcInfo Workspace
& Density o @ as_dir 155 || | 3 c¥sayamaksatelitedatabnydroshedk 155¥... - Arclnfo Werkspace
& Distance 1
=R Ectract\on : 0
A =
" -, Extract by Circle o2 —
L %, Extract by Mask - | “
#,, Extract by Points = -
#, Extract by Polygo —r
-, Extract by Rectar f
_: - - s . W LT 32
« m | v ) = el

»

Location: [ gis

) FS - ArcMap - ArcView 1 l l I ! y ! y ! n - - - Silie
Fil g—Eadit i L Iocart L Geoprocessing Customize Windows Help

[l 11 - |[s - ing - B - A~ - - - -
1 1. Start Edltlng k.00 EE L oawing- k O- A 6] WS U Gothic 1w BIUA-® B
[C] paAl W & . | 3D Analyst- | Layer: [ as_dir_15s sl E - @ @

3 MS0Cache
E5 NaviOffice
3 PerfLogs
3 Perled
3 Program Files
5 Program Files (x86)
(5 ProgramData
3 Python26
= B3 RRI
B etc
E5 Model
= B3 StudySite
= B3 solol5s
= Egs
[ acc_15s_solo
B acc_15s_wh
[ dem_15_wh
[ dem_solo_15s
B dir_solo_15s
&8 dir_solo_15s2
[ outlet.shp
| outlet.txt
8 wsd
[ wsd2
B wsd_solo
7 solo30s

PN ——

111.691 -6.621 Decimal Degrees

m

Clicking “Outlet”, so that you can bring a point to indicate the target outlet.

After editting the outlet point, go to the editor menu to save and stop editing.

= t View Bookmarks Imet Selection Geoprocessng Customze W
Ngd& B2 |d-

= Ameiane Tosks

s BAE

BEBD Vg Cowrg- b
- Nt Tockt o Apimitese K 4 & 4 2 GIH R wee

ndows Hel
O-A-

30 Asahvit= | Lyer: o

3 Teble OF Combets .

a8

) Layers
»

B asacc 15

& Spatal anabyn T
s R Concttional
5 s Dersity
» g Distarce
& txtracien
Extract by At
Exeract by Cichs
o by sk
Extract by Ponis
rmt by Pobyge

1.

Click “Create Features”

3. Editor = Save

- Stop Editing

Edits

oy Overlay

5 G Fatter Crastion

o W Reclzns

& g Seler masaten

© B Surfove

& Zonsl

Spatal Seavimies Teh
Tracking Analyst Tooks

& . [EETE

2. Click “Outlet” on right,
then click the target outlet

30_Varsion et

| Construction Toots.
B
Bt 3t et o b

{IEL T

7,163 [ucimal Degrees

watershed with the defined outlet.

Using [ArcToolbox] = [Spatial Analyst Tools] & [Hydrology]l = [Watershed], delineate a
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(IMPORTANT) To use [Spatial Analyst Tools] on ArcGIS, you must have the extension
and activate it by choosing [Cusomize] > [Extentions] & add a check for [Spatial
Analyst].

Input flow direction razter as dir 15s ﬁ
|a3_dir_153 i —

B
Thput rast feah int dat ' . . .
Iolf::lertas er or feature pour DDI; Outlet (l.e. a created point Shape fll% @

Pour point field (optional)
Id

Dutput raster jRI/Project/solol5s/gis/wsd_solo_1 5s

CHRREStUdy Sitekssteristamrmensom 17

Environments

-

’ QK ] [ Cancel ]“Environments... ] I[ << Hide Help ]

(IMPORTANT) Analysis range must be specified from the “environment” as below;

*< Environment Settings

¥ Workspace
¥ Output Coordinates

# Processing Extent
Extent

e Specitied Below

-6.600000

110.200000 113.000000

-8.300000

Snap Faster

B

¥ XY Resolution and Tolerance

¥ MValues Processing Extent - As Specified Below -

¥ Z Values

Then type in the range you decided in 3

¥ Geodatabase

¥ Geodatabase Advanced
¥ Fields

¥ Random Numbers

ok || cancel || <<tideHep
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Fie B0t View Bookmarks Ingert Selection Geoprocessing Customize  Windows  belp

NDeda B %D e S| inn I EEEEO e 87 g Drawing- K ) 3D - A - L] NG RO RIL I W A B SR SR
MOl e+ B-U O BLNDS TR oaste- e Baas 0 CEawiZ2R-0 0,

Termmin Freprocessing - TmnrMﬂM‘Wum-mm?m-mmtﬂ-w"&‘O«.-I-!S‘?g'l‘v/N'I,'

Edrore | » © 1

At Tooken: @ X Tathe Of Contents ax

8 AcTosibex [ o e

4 W 30 Aralyst Todls

@ ey Tk “ o rlght click
e || e wsd_solo_15 s to

« Q) e t Took el
) Dt Management & ”

v check layer

'kd‘ 10000

R Editing Tooks
= B Gaocoding Tosh
6@ ot e | propertles
« @ Mukidmension Tooks

o M Peetwork Anshyat Tools o

Lew:l

= @ Purcel Fabre Tosks B as_dem_1%
4 G Sehamatics Toel Vol
4 G Server Tooks L High : Bas4
) Spstial Analyst Tooks
# Mg Conditional Lo = 130
5 B Daraity
4 K Distancy B as v 15
i G Extraction .
i B Gerdrshization mo
# B Groundwoter -
G Hydrsiogy =2
, Basin s
\ 4
- F -a
., Flow Acturnubatic - i
#,, Flow Drection -
# Pl Langth ma
-« S @
#, Snap Pour Point m

*, Seream Link =y
%, Stream Order ol
£, SEream ta Faatur
., Watershed

1 e Inkerpolation

it e Local

# W Map Algetbra

4 B Math -

110665 -7.78 Decirnad Dagrens.

| General | Source | Extent I Dizplay I Symbology I Fields I Joins & Relates

Property Value
= Raster Information

Columns and Rows
MNumber of Bands 1

Cellsize (X, ) 0.0041666067, 0.00416660667
Uncompressed Size 1.05MB

Format GRID

Source Type continuous

Pixel Type unsigned integer

Pixel Depth 8 Bit

Data Source

Data Type: File System Raster
Folder: C:¥RRI¥StudySite¥solo 15s¥gis¥
Raster: wsd_solo_15s

Set Data Source...

ok | [ Feuzl || @A

@ Right click the created watershed raster (e.g. wsd_solo_15s) and check layer properties.
Under the “Source” tab, you can check “Columns and Rows”. This will be the number of
columns and rows for the topographic data used by RRI Model. If it exceeds more than 1000,

using coarser resolution data is recommended to use.

[Spatial Analyst Tools] = [Extraction] = [Extract by Maskl, prepare dem (elevation), acc

(flow accumulation) and dir (flow direction) masked by the delineated watershed.
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%, Extract by Mask 1 |i@i|1
Thput raster __lras_dem_l 5s \I

|as_dem_15s _J Bl
Tnput raster or feature mask data rWSd solo 15s \1
|wsd_solo_159 — — J j

COutput raster
CH¥RRRES L

is¥dem_solo_30s

RRI/Project/solo15s/gis/dem_solo_15s

Environments
CK ] [ Cancel ]”Envimnments... ]][ << Hide Help
%, Extract by Mask 1 (S8 = ]

Input raster _Jras_dir_l 5s \|

|as_dem_15s B =l

Input raster or feature mask data rWSd_SOlO_l 5s NI

|wsd_solo_159 _J ﬂ

COutput raster

C¥RRI¥StU iz¥dem_solo_30s

RRI/Project/solo15s/gis/dir_solo_15s

Environments
CK ] [ Cancel ]”Envimnments... ]][ << Hide Help
%, Extract by Mask 1 (S8 = ]

Input raster _Jras_acc_15s \|

|as_dem_15s B =l

Input raster or feature mask data rWSd_SOlO_l 5s NI

|wsd_solo_159 _J ﬂ

COutput raster

C¥RRI¥StU iz¥dem_solo_30s

RRI/Project/solo15s/gis/acc_solo_15s

Environments

CK ] [ Cancel ]”Envimnments... ]][ << Hide Help

(IMPORTANT) Analysis range must be specified from the “environment” the same as above.
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(@ = - arcop - Arcvew

Fie £t View Bookmarks [roert Selecton Geoprocessing  Customize Windows  Hel

R=1- B X[m0 s | A EEEE0 Cle A w0 0% L Gom B oen gy A
LAWO N e B-D k0 BoASR TR ® a8 ew
Terrain Preprocessing - Termain Morphology » Watershed Processing « Attribute Tools = Metwork Tooks - ApUt 2P r n

Editor =

e
S Make sure the
s
® = same columns
LI and rows for all

the topo data

110,869 -8.172 Decimal Dugrees

The above figure is the example of dem. The dir and acc must be also extracted in a same way.

@ Convert all the processed data (i.e. dem, dir, and acc) from ArcGIS Raster to ASCII, which
are input data files for RRI Model. Using [Conversion tool] & [Conversion from Raster] 2
[Raster to ASCII], perform conversion from raster to ASCII for all the three types of
topography data.

The output files should be named as “dem.txt”, “dir.txt” and “acc.txt” to be saved under

“topo” folder in your project folder (e.g. “./RRI-CUI/Project/solo15s/topo/”).

¢ e .

Tnput raster JRRI-CUI/Project/solo15s/gis/dem_solo_15s
[C¥RREStudySite¥salo 5¥gear =om_ 159 /RRI-CUI /Project/solo15s/gis/dir_solo_15s

Output ASCT raster file JRRI-CUI /Project/solo15s/gis/acc_solo_15s
C¥RRAES udySite¥solo 15:¥gi=¥dir_=alo_15s]

JRRI-CUI/Project/solo15s/topo/dem.txt
JRRI-CUI /Project/solo15s/topo/dir.txt
/RRI-CUI /Project/solo15s/topo/ace.txt

Ok ] [ Cancel ] [Environments... ] [ << Hide Help ]

The created ASCII data have the following format. Make sure once again all the three

datasets have the same numbers in “ncols” and “nrows”.
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Nrows 409 dir.txt
xllcorner 110.2

yllcorner -8.3

cellsize 0.004166666667

-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999

|

|

|

|

|

|

|

I NODATA _value -9999
|

|

|

|

: -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
|

DEM data (dem)

|
|
: - Flow accumulation data (acc)
I
|
|

Flow direction data (dir)
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3.3 Delineating HydroSHEDS Data using GLASS GIS (optional)

(If the HydroSHEDS data delineation is completed with ArcGIS, skip this section.)

(D Install the latest GRASS GIS (Latest GRASS in December 2013 is ver 6.4.3.)
(GRASS website: http://grass.osgeo.org/ ).

Welcome to GRASS GIS 6.4.3

The world's leading open source GIS
Select an existing project location and mapset
or define a new location

GIS Data Directory: C¥Users¥002653.CTIE¥Documents¥grassdata
Choose project location and mapset

Project location
(projection/coordinate system)

Browse

Manage

Click
R ;

e

Accessible mapsats
(directories of GIS files)

002653
PERMANENT

Define new location

demelocation -
Create new mapset
in selected location

Create mapset

Rename/delete selected
mapset or location

Rename mapset -

Indus
Indus2

R [ ] »

( Start GRASS | [#7@ | (a2 |

@ Input your location name (e.g. Solo) and Click next.

Defina new GRASS Location

Define GRASS Database and Location Name

GIS Data Directory: C:¥User9§usemame#Du[ument@égmssdam

Browse

Project Lomtion:,\Sulu Al

Location Title:

Input your project location.

Click Next

J

4
<50 () a2

@ Select “Select coordinate system parameters from a list” and “Latitude/longitude

(Pseudo-projection)” as a projection.
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Choose method for creating a new location

Select coordinate system parameters from a list ]

Select EPSG code of spatial reference system

Read projection and datum terms from a georeferenced data file

Read projection and datum terms from a Well Known Text (WKT) .prj file
Specify projection and datum terms using custom PROJ.4 parameters

) Create a generic Cartesian coordinate system (XY}

Click Next

- ——
[z ) | [ <53 @] 5 00> | ) etz ©

Define new GRASS Location

Choose projection

Projection code: I

Search in description: | Q, 183

Code 4}  Description
labrd Laborde

laea Lambert Azimuthzl Equal Area
lagrng Lagrange

larr Larrivee

lask Laskowski

lec Lambert Conformal Conic
leac Lambert Equal Area Conic

lee_os Lee Oblted Stereographic

Choose Latitude / Longitude

loxirn Loximuthal
lsat Snara nhlinua for | ANNSAT

Click Next

|

— A~

S~
a2 W) | [ <53 6fLan 0 > | Vet ©

® Check “Datum with associated ellipsoid” and click “NEXT¢,

Defina nes

Choose projection parameters

Select datum or ellipsoid (next page)
(@ Datum with associated elipsoid | © Elipsoid only
Enter parameters for Latitude/Loms (pseudo-projection) projection
Central Parallel | 0.0

Central Meridian | 0.0

Click Next ]

AL
[z ) | [ <Ba @ an () > | hreten (©
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©® Select “WGS 1984” and as a geodetic datum and click “NEXT”.

Defina new GRASS Location

Specify geodetic datum

Datum code: wasB4

Search in description: | Q, 185

Code 1} Elipsoid Description o
rd18 bessel Amersfoort
rome40  international Monte Mario
fgeeli] bessel Rikets koordinatsystern 1990
542 krassovsky Pulkova 1942
SAD-62  samB9 Please use sam69 instead Choose WGS 1984
samed samGd South American Datum 1969
Sasia fschraOm South Asia
tokyo bessel Tokyo

wgs72
wgs84

wWgs72 WGS 18972
wgs84 WGES 1984

Click Next

-——

—_
Az ) | [ <28 6)0En 0> Prertn ()

@ Click “OK” on “Select datum transformation” window and click “FINISH” on Summary

window. (Select “Cancel” for default resolution setting).

Select from list of datum transformations Define new GRASS Location i)

0

Do not apply any datum transformations Summary

Used in whole was84 region GRASS Database: C:¥Users#002653.CTIE¥Documents¥grassdata

towgs84=0.000,0.000,0.000
Default 3-Parameter Transformation (May not be optimum for older dati

Location Name:  Solo

Location Title:

Projection: Latitude/Longitude (pseudo-projection), WGS 1984

¢Cokio) Tl @)

PROJ.4 defintion: +proj=longlat

(non-definitive)  +no_defs
+a=6378137
+f=208.257223563
+towgs84=0.000,0.000,0.000
+datum=wgsg4

=y
it )] [<Ea @) E=T (B | Betn(©

Click “Start GRASS” to start GRASS GIS.

g Welcome to GRA:

W

Y GIS PP

Welcome to GRASS GIS 6.4.3

The world's leading open source GIS

Select an existing project location and mapset
or define a new location

GIS Data Directory: C¥Users¥002653.CTIE¥Documents¥grassdata

Choose project location and mapset Manage
Project location Accessible mapsats Define new location
(projection/coordinate system) (directories of GIS files)
demelocation 002653
Create new mapset
Indus PERMANENT in selected location

Indus2 Create mapset
_ Rename/delete selected

mapset or location

Click

« [T Kl T, ] »

———

o StertGRASS 8T (Q) AT (H)
B
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@ Read in the unzipped files by selecting [File] > [Import raster data] >[Common formats

Map display

Import ragter data JU_ commen formats Impert [cin.gdal)
i i Y ASCII iy, point import and gridding [rin.cya]
Import 30 raster data v ASCIT grid import  [rin.asci]
Import database table x ASEI polygons snd lines Impert  [cin.paly]
Export raster map v pinary e Impart. {rieubin]
Export vector map y ESRI ASCIE grid import [rin.arc]
Bt 30 rster mane 5 GRIDATE.FOR import  [rin.gridath]
Export database table k Matlab 20 array import [tin.mat]
Lirk external formats v SPOT NDVI import [i.in.spatvgt]
R R i 5 SATM HCT import [cin.srtm]
Moo i Sorveasskons s Terra ASTER HOF import [ein.aster]
WMS import  [rin.wrms]
Georectify
Unpack raster map  [runpack]
Graphical modeler
Run model
NVIZ {requires Tel/Tk) [rviz] 4
30 image rendering  [mumnvizimage]
Bearing/distance to coordinates  [m.cogo]
Cartographic Composer [ps.map]
Launch script
Exit GUIE Ciris G

Map byers, Comrand console | Search module | Python shel

cin.gdel -~ Import raster data into & GRASS map layer using GOAL.

0:00:47.04W; 0:50:47.870 [Coordrates - ¥ Raner

Select “Arc/Info ASCII Grid” from the “Format” list and select unzipped HydroSHEDS
raster file name (e.g. w001001.adf for dem). Input “Name for GRASS map (editable)” as

“as_dem_15s” for example and click Import.

, ,

Settings

s |

[ rre ||

Select Arc/Info ASCII Grid

Load settings: [

Source type

(@) File () Directol

Source settings
Format: [-[%rcjlnfo ASCIL Grid -

[ rassdata¥re_Dl¥as_dem_15s_grid¥as_dem_15s¥as_dem_15s¥w00100 l.adf] Browse

Select unzipped “*** .adf” file
Mame for GRASS map (ed
—

File:

List of GDAL layers

Layer id
1

Layer name
w001001.adf

Input raster file name

Options
"] Keep band numbers instead of using band color names
[Tl Extend region extents based on new dataset
"l Force LatfLon maps to fit into geographic coordinates (90N,S; 180E,W)
["] override projection (use location's projection)
[C] Allow output files to overwrite existing files
[¥] Add imported kyers into layer tree
[] close dizglog on finish

Command dialog I

[muz© [ [ mpot J]

@ Perform the same operation for all the three types (dem, dir, acc) of topography data.
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@ After importing three types of topography data, check the layer and right click on it and
“select zoom to selected map(s)”, then the raster file will be displayed in the window. (the

following figure shows the example of “dem” display)

Chang apachy level ] select

Froperties
Zoam to selected map(s) ]
Set computational region from seiected map(s)
Zoam 1o stlected map(s) (ignare NULLS)
Set computational region froem selected map(s) (ignore NULLS)

Export

Univariate raster statistics
Frofile
Metadats

| Map bayers| Corvrand comsoly | Search modube | Python shel
st -0 mep=ax dar 1 -sezo 78:39:26.24E; 30:56:46.655 [comrmates = e

To show the flow accumulation (acc) clearly, right-click the filename of “acc” and select “Set

color table”.

I Flle Settings Raster Vector Imagery Volumes Database Help
AR RER L o e

/B B
 Dsplay1 |
[ as_dr_15s 2@002653 o
L di_15Q007651
_dern_15ep002653 |

by v oce_15p002653 [
Remaove
Rename

Change opacity level
Properties

Zoom to selected map(s)

Set computational region fram selected map(s)

Zoom to selected map(s) (ignore NULLs)

Sat computational region from selactad map(e) (ignora NULLS)

Export '

([ sut color tabie |
Histogram
Univaniate raster statistics
Frofile "

UMARIIE) COING it
T s | coordnates - | Render
=

@ Check “Logarithmic scaling” on “Colors” tab and select “Type of color map”. User can
select color table from several color tables. Following figure shows the example selecting

“wave” as “Type of color table”.
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fg‘«_; r.colors [raster, color table;

@\ Creates/modifies the color table associated with a raster map layer.

Required : Colors | Optional rCommandoutput ‘

[l tnvert colors CheCk J @

(¥ Logarithmic scaling | N\_ {g)
Logarithmic-absolute scaling

[P Histogram equaiization Set Type of color map
. - - v oo 5 m S s i S a8

Type of color table:
Path to rules file ("-" to read rules from stdin): (rules=name)

Browse

or enter values interactively

.

[ Load | [RuaTismA)... |

(Ewe] [ ) @)

r.colors -g map=as_acc_15s@002653 color=wave

112:50:14.64€; 6:43:05.405 Coordnates i [¥| Rander

To set the delineation range, select [Settings] > [Region] > [Set Regionl].

lacals=] P CRASS IS =1=0

Region Display region [g.region -p]
GRASS working environment »l_ Setregion [g.region]
3

Map projections

Addons extensions 3

Preferences

|
Map layers Command console | Search module | Python shel ‘
i -region — Manages the boundary definitions for the geographic region. 56:26:19.03E; 60:16:38.98N Coordinates - Render N

@ Input values for edges of the target area (coordinates) and set a file for adjusting region
cells to cleanly align with a raster map, then click “Run”.
(To decide your target area, display the flow accumulation data (i.e. as_acc_15s) on top

screen to find your target river. The set rectangle range must cover all upstream

contributing area.)

3-17



:‘ \\“ Manages the boundary definitions for the geographic region. |
I
| Existing k Bounds | | Resolution r Effects r Print Optional I 1)
[T mlign region to resolution (default = align to bounds, works only for 2D resolution) (a) | . .
Value for the northern edge (format dd:mm:ss{N|S}): (n=value) AdJUSt reglon Ce]']'S to
6.6
Value for the southern edge (format dd:mm:ss{N|S}): (s=value) Cleanly allgn Wlth thls
Value for the eastern edge (format ddd:mm:ss{E|W}): (e=value) |= raSter map 9 Choose
Value for the western edge (format ddd:mm:ss{E|W}): (w=value} one Of the fl].eS
110.2|
Value for the top edge: (t=value)
Value for the bottom edge: (b=value)
4
Shrink reaion until it meets non-NULL data frd /i this raster map: (zoom=name} ~

Bus () | ¢ RIS A7 (H)

[l dlose dialog on finish
g.region rast=as_dem_15s_2@002653 n=-6.6 5=-8.3 e=113 w=110.2

Right-click the filename of “dir” file and select “Set computational region from selected
map(s) (ignore NULLS)”. Perform the same operation for all the three types (dem, acc and
dir) of topography data.

T v W GRACE GIE
File Settings Raster WVector Imagery WVolumes Oatabase Help
D add ahEMeBeis
yOnERRO @

Display 1

% a3 _di_ 150002653 R Ramove
7| % 25 dem 1550002653 1| pename
| | ¥ as_acc_15s0002653 |

Right-Click and Set computational region
from selected map(s) (ignore NULLS)

Change opacity level

Properties

Zoom to selected map(s)

St computationsl region from selected map(s)
Zoom bo selected map(s) (ignore NULLS
Set | region fram selected map(s) {ignore NULLS)

Export

Set color table

Histogram

Univariate raster stotistics
Profie

Metadats

@ Only for flow direction, change category values (definition of river flow direction in DIR
file), from ESRI type (1, 2, 4, 8, 16, 32, 64, 128) to GRASS type (1, 2, 3, 4, 5, 6, 7, 8).
Select [Raster] > [Change category values and labels] > [reclassifyl: Select

“DIR_ESRI2GRASS.txt”, prepared in package (/RRI/etc), as “File containing reclass rules”
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File Settings [Raster ||Vector Imagery Volumes Database Help =

£ [?: ! Develop raster map 3
Manage colors »
‘Query raster maps » I
Map type conversions » =
Buffer rasters [rbuffer]
Concentric circles  [rcircle]
Closest points [rdistance]
Mask [rmask]
Raster map calculator [rmapcalc]
Neighborhood analysis 3
QOverlay rasters 3
Solar radiance and shadows »
Terrain analysis »
Transform features »
Hydrologic modeling »
Landscape structure modeling 3
Landscape patch analysis »
Wildfire modeling »
Change category values and labels. | Interactively edit category values [d.rast.edit]
Generate random cells » Reclassify by size [rreclass.area]
Generate surfaces » Reclassify [rreclass] ]

Map layers Interpolate surfaces » Recote [nrecode]
rreclass ender
| & rreclass [raste ——

" Creates a new map layer whose category values are based upon a /. Creates a new map layer whose category values are based upon a
% rechssification of the categories in an existing raster map layer. & recassification of the categories in an existing raster map layer.
/[ Required | Optional rCommand output rManua\ ‘ 4 b Requ\red/[;(]pﬁonal | Command output r Manual | q4b
Raster map to be reclassified: (input=name) Allow output files to overwrite existing files (overwrite)
as_dir_15s@002653 | El Verbose module output (verbose)
[ Quiet module output (quiet)

Name for output raster map: (output=name) - o z - o
as_dir_155_2 ] |z| ile containing rectass rules: (rules=name}

[[sers¥002653 CTIEYDocuments#grassdata¥DIR_ESRI2GRASS.xt || Browse |

or enter values interactively ‘\
Select “DIR_ESRI2GRASS.txt”

Click
Title for the resi (title=string)

L CENE

)
N _——
V| Add created map(s) into layer tree V] Add created map(s) into layer tree
Close dialog on finish [ close dialog on finish

rreclass input=as_dir_15s@002653 output=as_dir_15s_2 rules=C:¥Usersy ﬂ

(o] [ rn | [e-w@] [awzm

r.reclass input=as_dir_15s@002653 output=as_dir_15s_2 rules=C:¥Users}

=)

User needs to know the coordinates of the outlet (long./lat.) of target river basin to clip.

Select “acc” file and perform 1, 2, 3 and 4 as shown in following figures.

P RASS :

e

File Settings Raster Vector Imagery Volumes Database He ]

R e Y ey Yy

© g ¢ RyQfP

1. Select “acc”.

Map layers| Command console | Search module | Python shel |

112:41:55.23E; 7:08:09.625
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@y e % gL jeie

[FEH=

l Click here to show search module engine >> ]

/B ERRO S0

namelas_acc 1538002653 |as_acc_ 1538002

212635278 249374405

4. User can get coordinates of the
outlet.
(Long. | Lat. | Flow accumulation®)

Output window

‘Command prompt

[ g [

swe | [ oofie |

Clear

Stop |

| 112:41:55.23E; 7:08:00.625 [¥] Render
Map layers = Command console| Search module ‘ Python shel |
=1
To create basin boundary, select the outlet of target river basin.
[Raster]>[Hydrologic modeling]>[Watershed basin creation (r.water.outlet)]
File Settings | Raster | Vector Imagery Volumes Datsbase Help b s =8 A (= 3 r i A
, g2 B[P PP e E S5 e ® wew -
: I:;h 4 Develop raster map 3
+ =l ~
| e Manage colors (=
(J B query raster maps ,
— Map type 3
Click here to sh
Buffer rasters [rbuffer] S
easting|nor| - ) acc_15s@C -
112.635357] ‘Concentric circles  [rarcle]
Closest points [r.distance]
Mask [r.mask]
easting|norx| Raster map calculator [rmapcalc] cc_1536C
112.635357| Neighborheod analysis »
Overlay rasters 4
Solar radiance and shadows 3
easting|nor| Terrain analysis , [|cc 15s@C
112.635357|
Transform features 3 @
Hydrologic modeling » Carve stream channels [r.carve]
Landscape structure modeling » Fill lake [rlake]
La-ndscape patf:h analysis * Depressionless map and flowlines  [rfill.dir]
(I IR * Flow accumulation [r.terraflow]
Change category values and labels » Flow lines  [rflow]
Generate random cells b ‘Watershed analysis [r.watershed]
Generate surfaces R ‘Watershed subbasins [rbasins.fill]
WL S ——— ) Watershed basin creation [r.wateroutlet] ]
r.wateroutlet -- Report and statistics 3 Groundwater modeling - [rgwflow] Coordinates - [¥] Render
o e A F —

@ Select layer of “dir” file as “Name of input raster map” and input layer name of basin

boundary data in “Name of raster map to contain results”.

&) Input x-coordinate(long.) of the outlet in “The map E gird coordinates” and input

y-coordinate(lat.) of the outlet in “The map N grid coordinates” and click “Run”. Then,

basin boundary layer of target river basin will be shown.
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vt o oo =

@, ‘Watershed basin creation program.

/5Required ”7 Optional r Command output

Mame of input raster map:
[(3s_dir_15s_2@002653 ]

Name of raster map to contain results:
clip ]

F Manual

(d mlna? a=string)

(basin=string)

The map E grid coordinates: (easting=x)
112.635278 ]
(northing=y)

@ I grid coordinates:
7.06440 J

’

[¥] Add created map(s) into layer tree
[¥] Close dialog on finish
r.water.outlet drainage=as_dir_15s_2@002653 basin=clip easting=112.63¢

Basin boundary of Target
river basin

112:43:48.93E; 7:34:45.125 [¥]Render

Coordinates -

€2 Clip target river basin by using basin boundary layer.

[Raster]>[Mask(r.mask)]

File Setti Raster or Imagery Volumes Database Help
Develop raster map 3 L
Manage colors 3
Query raster maps 3
Map type conversions 3 x

Buffer rasters [r.buffer]
‘Concentric circles  [r.circle]
Closest points [r.distance]

Mask [r.mask]

Raster map calculator [rmapcalc]
Neighborhood analysis

Overlay rasters

Solar radiance and shadows
Terrain analysis

Transform features

Hydrologic modeling 3
Landscape structure modeling »
Landscape patch analysis 3
‘Wildfire modeling 3
Change category values and labels 3
Generate random cells 3
Generate surfaces 3
Interpolate surfaces 3
Report and statistics »

] Maplavm‘ Command cansole ‘ Search module ‘ Python shell

112:50:14.64E; 6:43:05.405

[¥]Render

r.mask -- Creates a MASK for limiting raster operation.

€3 Select basin boundary layer as “Raster map to use as MASK” and input “1” in “Category

values to use for MASK” on “Create” tab and click “Run”. Then, clipped target river basin

will be shown.
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@, Creates a MASK for limiting raster operation.

iCreate ]’ Remove I’ Optional I’ Command output } a4 |

[Tl Create inverse MASK from specified 'maskcats’ list (i)
Raster map to use as MASK: (input=string)
clip@002653 |

Category values to use for MASK (format: 1 2 3 thru 7 *): (maskcats=string)

BLE () | ¢ _R-:l: ’) Je- (€) A2 (H)

r.mask input=clip@002653 maskcats=1

112:45:26.55E; 8:10:00.615 Coordinates ~ | MASK Render

@) Export the three layer data (dem, dir, acc).
[File]>[Export raster map]>>[ESRI ASCII grid export]

File | |Settings Raster Vector Imagery Volumes Database Help : e Ry A eLefaral
= s ' g Q-') =) Q =g Q 2D view -
Vorkapace s (& ‘Belo e £ S e
Map display 3
Import raster data » i
Import vector data » b x
Import 3D raster data 3
Import database table 3
Export raster map > Commen export formats  [rout.gdal]
Export vector map ' ASCII grid export  [rout.ascii]
Bxport 30 raster maps ' ASCII x,y,z points export [rout.xyz] I
Export database table 3
[ ESRI ASCII grid export [rout.arc]
Lt i s ’ GRIDATE.FOR export_[nout.gridatb]
Manage maps and velumes > Matlab 2D array export [rout.mat]
FEPEER ST ' Raw binary array export [rout.bin]
EzEIEEAY MPEG-1 export [rout.mpeg]
Graphical modeler PNG export [rout.png]
Run model PPM export [rout.ppm]
NVIZ (requires Te/Tk) [miz] PPM from RGB export [rout.ppm3] |
3D image rendering [m.nviz.image] (i ept (L]
TIFF export [rout.tiff]
Bearing/distance to coordinates [m.cogo] VRML export [rout.vrmi]
Cartographic Composer [ps.map] VTK export  [rout.vtk] |
Launch script Pack raster map [r.pack]
Exit GUI Ctrl+Q
rout.arc -- Converts a raster map layer into an ESRI ARCGRID file. 111:12:31.30E; 8:20:06.125 [Coordnates '] MASK [#]Render

@ Select three layer data (dem, dir, acc) and input output file name in “Name for output
ARC-GRID map” and click “Run”.

@8 Perform the same operation for all the three layers (dem, dir, acc).
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3.4 Upscaling the spatial resolutions of DEM, DIR and ACC (optional)

If a user needs to upscale the resolutions of the topography files (dem, dir and acc), one can
use a program called “scaleUp.exe”. By specifying a multiple factor for upscaling the
resolution, the program outputs new dem, dir and acc based on the original topography files.
For example, if the spatial resolutions of the topography files are 30 sec and the specified
multiple factor is 3, the program creates the topography files having 90 sec (30s x 3). The

following shows the procedure to use the program.

@ Copy “scaleUp.txt” file from “RRI-CUI/etc/scaleUp/” and save it under your project folder
(e.g. RRI-CUI/Project/solo30s/)

Jtopo/dem.txt : .
Jtopo/dir.txt input files scaleUp.txt
Jtopo/ace.txt

Jtopo/dem_90s.txt
Jtopo/dir_90s.txt
Jtopo/acco_90s.txt

output files

| 1
I |
I I
I I
13 multiple factor for upscaling :
|

I I
I I
| 1
I |

@ Type in “scaleUp.exe” and return to execute scaleUp.exe program and find the created

three sets of the topographic data indicated in L5, L6 and L7 in scaleUp.txt

3.5 DEM Data Adjustment

There are some hollows in the original HydroSHEDS elevation data. Some of them represent
actual topographic features, while some of them are caused due to the intrinsic characteristics
of DEM. For example, deep and narrow valley, in which a river flows, may be blocked by
surrounding topography because of the DEM resolution. In that case, the simulated water

depths and river discharges with the original DEM are unrealistic.

Therefore, the following DEM adjustment is always recommended to avoid the unrealistic
hollows in the original DEM. The provided program called demAdjust2 (demAdjust2.exe)
follows the flow direction of HydroSHEDS and remove all the negative slope along the flow
direction by carving and lifting the original DEM.

The algorithm of demAdjust2 is as follows;
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1. Based on the flow direction, demAdjust2 finds upstream cells (i.e. cells with no inflow).

2. Among the detected upstream cells, searching order is determined from the total length of
the flow paths from each upstream cell to its most downstream cell.

3. Following the above decided order, demAdjust2 adjusts elevations based on the following
procedures.

1) The negative elevation is set to be zero.

2) Lifting: If a single cell is extremely low (likely as a noise error) compared to its upstream
and downstream cells, the cell’s elevation will be replaced by the same elevation as the
upstream cell. The parameter “lift” is used as the threshold to detect sudden drop and its
default value is set to be 500 m.

3) Carving: If the elevation suddenly increases along the flow direction, the cell’s elevation
will be replaced by the same elevation as the upstream cell. The parameter “carve” is used as
the threshold to detect the sudden increase and its default value is 5 m.

4) Lifting and Carving: By searching from the most upstream, it finds a cell whose
downstream elevation is higher than that cell (point L). By searching from point L toward
downstream, it finds a cell whose downstream is lower than that cell (point H). The point L is

lifted and point H is carved by the parameter “increment”, whose default is 0.01 m.

The demAdjust2 program conducts each of the above procedure repeatedly for each flow path
ways from all the detected upstream cells until all negative slopes are removed. Note that the

above procedure does not change flow direction.

Edit demAdjust2.txt if necessary and run demAdjustment2 program by typing in

“demAdjustment2.exe” on Command Prompt under the project folder (e.g. solo15s or solo30s).

The process is necessary even if a user would like to use original dem data. “demAdjust2”
program modifies not only “dem” data but also flow direction data “dir”. The modified “dir”
(named as “adir”) has flow direction equals to zero at outlet cells. This operation must be
done and “adir” always must be used for RRI simulation. Also note that there is no

correction for “acc”, so use the original “acc” regardless the demAdjust2 procedure.

Read the adjusted dem and dir data to ArcGIS to visualize the data.
Select [ArcToolBox] > [Conversion tool] > [Conversion from raster] >[ASCII—Raster].

@ 2«

“adem”, “adir”, “acc” are the three important topography data for the RRI simulation.
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4. Preparing Input Rainfall Data

This section explains the method to prepare rainfall data for RRI Model. A user can prepare
the data by any method as far as it follows a specified data format. Currently three program
sets are prepared for processing:

1) gauged rainfall with Thiessen polygon interpolation (/etc/rainThiessen),

2) GSMaP satellite based rainfall (/etc/GSMaP) and

3) 3B42RT (/etc/3B42RT) satellite based rainfall.

4.1 Prepare Input Rainfall Data from Gauged Rainfall Records

To use ground gauged data for creating input rainfall for the RRI simulation, one can use

rainThiessen.exe (/RRI-CUI/etc/rainThiessen/rainThiessen.f90) program.

(D First, prepare rain gauge data in Excel (e.g. /solo30s/rain/gauge_solo_1d.xIsx).

(& = e gauge_solo_1d.xlsx - Microsoft Excel
T-h | BA  A-SLI7IF E® 75 BE =x  EALDITHEL  Acrobat
B i BEEE Su- AW 2 » SenmtemEnTs B2 O OE g R
B g |B 7 U-[E-|2-A-( & == EoEsl et - @ % o ‘1 Latitude and longitude of
HpIR-F & Zaub EE ] BiE .
: (el = * - £ therain gauges
A J Number of rain gaugesg]
A ; H I % W N
1 125
2 lat —71845 712661 —-7.08353 -T722057 72496 —8888 —723782 -T724462 -719853 718815 72514 —8988 717517
3 llan _I 111854 1121116 1115484 1111082 111843 —88958 1115085 1118725 1120301 1119285 1114876 —8985 1120516
4 Q ) ) Q Q ) ) ) Q Q ) ) Q Q
5 86400 15 5 14 Q 2 2 [ Q Q ) ) 2 3
a 172800 52 42 85 &1 30 65 68 58 70 48 4
7 255200 4] 4] o) o) o) 4] 4] o) 16 4] 4]
a 345600 4 4] 5 8 o) 3 4] o) 1 5 4]
g 432000 o) il 0 7 a8 o) R . f 11 d
10 518400 ] . . 4] 4] o)
Tl 60a500 s [ Time step of the data in second ; 0 P [ aln/a] ata : .
12 691200 o) . 4] 4] o)
121091200 °|  (Note: start from zero) o ¢ ? mim dl or b mm.
14 854000 | The data is not necessary to be |2 0 0 'regard 1ess the time
16 | 1036800 > (_in constant intervals o 0 0 Interva
17 1123200 ) Q Q )
18 1208600 42 ) 2 Q ) ) 10 Q Q ) )
19 1286000 8 8 37 3 5 22 ) a 12 30 ) 40 75
20 < >

Number of rain gauges
Set any negative value (e.g. -999) for missing data, not to be used for the interpolation.
@ Select all cells having values, and copy and paste on a text editor. Then save it as txt file

(e.g. gauge_1d.txt)
@ Edit the input file “rainThiessen.txt” as follows.
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Jrain/gauge_1d.txt

04 \Ii) rainfall data prepared above I

Jrain/rain.dat Divide parameter
Jrain/gauge_map.txt set 1 if the input rain data is in [mm/h],
ncols 336 set 24 if it is in [mm/d]

nrows 204 .
Output file names

x11110.2 L3 : output rainfall (i.e. input for RRI) [mm/h]
L4 : output map file (to check the spatial

cellsize 0.0083333333333333 \_distribution of rain gauges)

Coordinate specifications of the output rainfall file. One can
copy and paste the header of a topographic file (i.e. dem).

However any coordinates values and cellsize can be specified
as far as the same coordinate is set in “RRI_Input.txt” and the

|
|
|
|
|
|
|
|
|
|
1 y1l-8.3
|
|
|
|
|
|
|
|
1 range covers an entire domain. See the detail in Section 8.2.
|

@ On command prompt under the project file (e.g. RRI/Project/solo30s/), type in
“rainThiessen.exe” to execute the program.

® Confirm an input rainfall file for RRI Model (e.g. “rain.dat”) is newly created.

4.2 Prepare Input Rainfall Data from GSMaP

GSMaP products were updated on September 2014. Now the products include GSMaP_NRT
(realtime), GSMaP_MVK (standard ver.5 or ver.6) and GSMaP_Gauge (gauge composite).
Refer to the following website for the latest information and the registration to download the
data. (http://sharaku.eorc.jaxa.jp/GSMaP/index.htm)

4.2.1 Download GSMaP Data
@D First, create “gsmap” folder under your project folder (e.g. solo30s).
@ Under “gsmap” folder, create “infile” and “cutfile” folders.
@ Download all GSMaP rainfall data you would like to proceed and save them in “infile”.
4.2.2 Calculate Rainfall Data Range for a Target Catchment
To calculate the range for the data delineation, calc_area_gsmap.exe can be used. Before

executing calc_area_gsmap.exe, copy /etc/GSMaP/calc_area_gsmap.txt and paste it under the

created “gsmap” folder.
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In the copied “calc_area.txt”, specify “horizontal_resolution [d]” and “temporal_resolution [h]”
of original GSMaP product you will use. Also specify “ncols” to “cellsize” based on the target
catchment, whose parameters can be obtained from the headers of topographic files of “dem”,

“acc” or “dir”.

Note: The holizontal resolution of GSMaP product is either 0.1 [deg] or 0.25 [degl, and the
temporal resolution is either 1 [h] or 24 [h].
(In case of 0.1 deg = xul = 0.05, yul = 59.95; 0.25 = xul = 0.125, yul = 59.875).

Running calc_area_gsmap.exe creates a file named “out_by_calc_area_gsmap.txt”.

horizontal resolution [d] :  0.1000000 out_by_calc_area_by_gsmap.txt

I

I temporal_resolution [h] : 1

1

|

1 x11 : 110.2000

:yH : -8.300000

| Xur : 113.0000

: yur : -6.600000

1

I xI]_rain : 110.1250 Information that is necessary to
| yll_rain © -8.375000 delineate GSMaP |
| xur_rain : 113.1250 (jleft, ibottom, iright, itop)

|

I

|

1

yur_rain : -6.375000
Hleft ¢ 440
. .
1 ibottom 273 : Rainfall location information to
I: jright 452 be specified in the RRI_Input.txt
I itop . 265 ! (xllcorner, yllcorner, cellsize)
.- _ ______-___ |
|
I' xllcorner_rain (raster) 110.0000 |
i, yllcorner_rain (raster) -8.500000 |
:I_cellsize_rain : 0.2500000 1
R R n e i Tl e il a

4.2.3 Delineating GSMaP Data for Target Area

@ Unzip all the downloaded files (a linux user may use “gunzip *”, otherwise please find an
appropriate program to unzip “.dat.gz” files)

® Copy “letc/GSMaP/makeList.bat” under “gsmap” folder and execute it to list up all the

unziped files as "list.txt”
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FrivD ERD 8RO BT ATl
wsman_nrt . 200712240000, dat &
mmap_nrt, 20071224.0100, dat
gsmun_nrt, 007122407200, dat

smse_nrt 200712240300, dat

ssmap_nrt, J0071224.0400, dat

s nirt, J0071224 0500, dat

seran_nrt 20071224, 0800, dat
wsmap_nrt, 10071224.0700, dat

Revise the pass, then
save and execute.

When executed,
[list.txt] is created

psean_nrt 20071224, 1600, dat
gsmae_nrt, 0071224, 1700 cat
essap_nrt 20071224 1800, dat a

Running the program creates
“rain.data”, which is rainfall
input file for RRI simulation

D ERE NBRD BEG Y-l BEQ OO AR
DG HE o v nEABAMT RAW S
II I|I 15 m I I3 Iy

4.3 Prepare Input Rainfall Data from 3B42RT

D Access the following FTP site for downloading 3B42RT data
ftp://trmmopen.gsfc.nasa.gov/pub/merged

@ Download "8B42RT.20***** 7R2.bin.gz" files from the FTP site and save them
under ./etc/3B42RT/read/infile/

To calculate the suitable range for the delineation, /etc/3B42RT/calc_area.f90 program can be

used. See details in 4.2.2, the same process is used for GSMaP data extraction.

(D The following process uses “bash script”. Windows users may install “clink” program to
run bash scripts (*.sh) on windows command prompt. The “clink” program can be
downloaded from: http://code.google.com/p/clink/

@ To calculate the suitable range for the delineation, /etc/3B42RT/calc_area.f90 program
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can be used. See details in 4.2.2 because the same process is applied also to GSMaP data
extraction.

@ Execute "bash unzip.sh" in /etc/3B42RT/read/ to unzip the downloaded files
under ./etc/3B42RT/read/infile.

@ Edit "read_rt_file.sh" file to set extraction range in L4 to L7 (jleft, ibottom, jright, itop)
suggested by calc_area.f90.

® Execute "bash read _rt_file.sh" to extract data
Note: the extract does not run if the same output files already exist

® Edit "combine.sh" by setting the extraction range in L4 to L7 (jleft, ibottom, jright, itop)
suggested by "out_by_calc_area.txt", and set output file name on L9. Also edit L14, L.17
and 120 to indicate which year, month and day of the data should be processed.

(@ Execute "bash ./combine.sh" to combine all rainfall files to create the RRI input, so that

the rainfall file, which can be read by the RRI program, will be created.

4.4 Format of Input Rainfall Data for RRI Model

Here is the format of the input rainfall data used for RRI Model. By specifying the cell size,
xll_corner and yll_corner of the rainfall data into a control file of RRI model G.e.
“RRI_Input.txt”), the model can overlay the rainfall distribution even if the ranges and the
resolutions are different from topographic data as far as the rainfall data covers all the

simulation extent.
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1% The time interval is not necessary to be constant.
1
:>< Rainfall between 3600 and 7200 is written under the time stamp of 7200

i (ust like rain gauge data).

RRI_Input_Format_Verl_4_2

RRI_Input.txt

Jrain/rain.dat
Jtopo/adem.txt
Jtopo/acc.txt

|

1

|

I

|

1

|

: Jtopo/adir.txt

1

: 0 # utm(1) or latlon(0)

1 1 # 4-direction (0), 8-direction(1)

1 360 # lasth

: 600 # dt Cootrﬁi_inatis danffith griq fslilzc(el tof the

| 60 # dt,_riv south-west end of the rainfall data range
196 ________#oumum __ ___ ______ !
{ 110.2d0 # xllcorner_rain : :
| -8.3d0 # yllcorner_rain : 1
1 0.00833333d0 0.00833333d0  # cellsize_rain :
S J

4.5 Calculation of Catchment Average Rainfall

To calculate catchment average rainfall from the input rainfall data, a user can use
“rainBasin.exe” program. To run the program, “rainBasin.txt” must be prepared in the

following way.

Jrain/rain.dat

rainBasin.txt

Jtopo/adem.txt

110.2d0

-8.3d0

0.00833333d0 0.00833333d0
Jrain/rain_hyeto.txt
Jrain/rain_dist.txt

Jrain/rain_cum.txt

L1 : [in] rainfall file (RRI format) [mm/h]
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L2 : [in
L3 : [in
L4 : [in
L5 : [in
L6 : [out] hyetograph [mm/h]

catchment mask file (e.g. dem file)
rainfall x1I corner

rainfall yll corner

—_— e e

rainfall cellsize (x, y)

L7 : [out] total rainfall distribution map [mm]

L8 : [out] cumulative rainfall [mm]

On command prompt, type in “rainBasin.exe” to create three output files identified in L6, L7
and L8 to show hyetograph, total rainfall distribution map and cumulative rainfall,

respectively.

Note: To calculate average rainfall over a sub-catchment, one can replace the file indicated in
L2. First, one can use GIS to delineate the sub-catchment and convert the mask into ASCII
GIS format. For areas having pixel values greater than -10 will be considered as a

sub-catchment area.
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5. Conditions Setting for RRI Simulation

5.1 Folder Configuration

The following shows the folder configuration inside ./RRI-CUI/Project/solo30s

[.//RRI-CUI/Project/solo30s] Folders-

. gis

s hs

J obs

J out

J rain

J Hiv

, topo
] calcHydro. txt
i) calcPeak.txt
8% coordinate.xlsx
] demAdjust2.bxt
2] hs.pit
2] hydro.plt
] location.txt
@ rainBasin.ixt
&] rainThiessen.txt
] RRI_Input.txt

[Control files]

topo : Stores following sets of topographic data
» Digital elevation model (dem.txt)
- Adjusted digital elevation model (adem.txt)
» Flow accumulation (acc.txt)
* Flow direction (dir.txt)
- Adjusted flow direction (adir.txt)
- (optional) Land use data (landuse.txt)
rain : Stores following sets of input rainfall data
» Rainfall data (rain.dat)
- (optional) Evapotranspiration data (PET.txt)
out : Stores simulation results for each output time step
* hr_ : River water depth [m]
- hs_ : Slope water depth [m]
- gr_ : River discharge [m?/s]
» qu_ : Slope discharge for x direction [m3/s]
» qv_ : Slope discharge for y direction [m3/s]
- gampt_ff : Green-Ampt cumulative water depth [m]
* storage.dat : water balance checking file
hs: Stores figures of inundation depths (hs) by gnuplot
gis : Stores GIS related data
obs: Stores observation related data

riv: Stores river section related data

* RRI_Input.txt : RRI model control file for 0_rri_1 4 2.exe

» demAdjust2.txt : demAdjustment program (demAdjust2.exe) [pre-processing]

* rainThiessen.txt : Rainfall processing program (rainThiessen.exe) [pre-processing]

» calcHydro.txt : Hydrograph calculation program (calcHydro.exe) [post-processing]

* calcPeak.txt : Peak inundation depth calculation program (calcPeak.exe) [post-processing]

* rainBasin.txt : Rainfall analysis program (rainBasin.exe) [post-processing]

[Input Files Other Programs and Files]
* hydro.plt : gnuplot script to draw hydrograph

* hs.plt : gnuplot script to create inundation depths figures (prepared by /etc/prepHsPIt)

« ciirdubate.xlsx: excel file to covert from (i, j) to (x, y) or (x, y) to (i, j)

* location.txt : Location list to draw hydrographs
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5.2 RRI Model Control File (RRI_Input.txt)

:- L1 | RRI_Input_Format_Verl 4_2 |
: Lo RRI_Input.txt :
1 L3 | ./rain/rain.dat I
: L4 | ./topo/adem.txt :
1 L5 | ./topo/acc.txt 1
I L6 | ./topo/adir.txt :
L7 .
1L8 |0 # utm(1) or latlon(0) !
: L9 |1 # 4-direction (0), 8-direction(1) :
1 L10o| 360 # lasth [hour] 1
! L11| 600 # dt [sec] !
 L12| 60 # dt_riv [sec] I
I L13| 96 # outnum [-] !
: L14] 110.2d0 # xllcorner_rain I
1 L15| -8.3d0 # yllcorner_rain !
: L16| 0.00833333d0 0.00833333d0  # cellsize_rain :
1 L17 ‘l

Note that #comment is allowed only for lines with numbers like L8 to L16, but it is not

allowed for lines with characters like L3 to L6.

L1 : Version of the control file format.
This version has to be compatible with the RRI program version. When RRI Model version is
updated, user may be requested to modify this control file to be suitable for the updated

version.

L3 — L6 : Paths of the input files (rainfall, dem, acc, dir)
Note that adjusted direction file having zero at the outlet must be read in the flow direction
column. This adjustment (for dem and dir) can be implemented through the process of

demAdjust2.

L8 : Topographic and rainfall data coordinate system (UTM (1) or Lat Lon(0))

L9 : Simulating with 4- (0) or 8-direction (1) by the two dimensional model [default : 1]

L10 : Simulation period [hour]

L11 : Simulation time step [secl, [default : 600 sec]

L12 : Simulation time step for river [secl, [default : 60 sec]

The above time steps are just initial setting. The adaptive Runge-Kutta algorithm used for

RRI simulation may shorten the time steps if necessary.
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L13 : Number of output files
Simulation period specified above is equally divided for simulation output.
L14 — L16 : South west coordinate and resolution of rainfall data

Number of col and row are written in the rainfall data.

1 L18| 0.03d0 # ns_river RRI Input.txt :
: L19] 1 # num_of landuse I
 L20| 1 # diffusion(1) or kinematic(0) !
1 .21 | 0.4d0 # ns_slope :
| 1.22| 1.0d0 # soildepth I
1 L23| 0.475d0 # gammaa :
: L24 I
1 L25| 0.d0 # kv (m/s) :
: L26| 0.3163d0 # Sf (m) I
 L27 '
I L28| 0.0d0 # ka (m/s) :
1 1.29| 0.0d0 # gammanm (- l
1 L30| 0.0d0 # beta () |
e I !

118 : Manning’s roughness in river channel

L19 : Number of landuse

Parameter sets specified below should correspond to the number of landuse specified here.
For example, if there are three landuse types in a catchment, write three different parameter
sets. Prepare also the landuse map which has numbers from one to three, so that the
parameter sets described below will be assigned to each landuse grid cell. First column

parameters are assigned to landuse type “1” in the landuse map.

120 : diffusion (1) or kinematic (0) [default : 1]
The default mode of RRI model uses diffusion wave equations. However, by setting zero here,

RRI model can use kinematic wave approximation.

L21 : Manning’s roughness on slope cells
L22 : Soil depths [m]
L23 : Effective porosity [-]

L25, L26 : Green-Ampt infiltration model parameters

Set ksv = 0 for inactivating Green-Ampt infiltration model.
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“ksv” @ vertical saturated hydraulic conductivity [m/s], faif” is the suction at the wetting front
defined by St.

Note: In the previous versions of RRI Model, “delta” and “infilt_limit” parameters were used.
The parameter “delta” is now replaced by “gamma” to represent soil porosity minus initial
water volume content (¢ —6,). The “infilt_limit” parameter is computed within the RRI
program by multiplying “soildepth” and “gamma” to estimate the maximum cumulative
infiltration depths in meter. Once the cumulative infiltration depths reaches to this maximum

depths, no more infiltration happens at the grid-cells.

L28 — L30 : lateral subsurface and surface model parameters

L28 and L30 are options to consider unsaturated and saturated subsurface flow and surface
flow in lateral direction. “kv” is lateral saturated hydraulic conductivity (which is typically
two or three orders high compared with the vertical hydraulic conductivity set for
Green-Ampt model. To start with, set zero for “dm” to inactivate the option to consider
unsaturated subsurface flow. Setting zero makes no saturated subsurface flow consideration.

See 8.7 for the details of the parameter settings.

Note: In the previous version of RRI Model, a parameter “da” was used to represent maximum
water depth in saturated subsurface flow. Now this is calculated as “soil depth” times

“gammaa” within the program.

L32 - L36
Set “ksg = 0.d0” to avoid deep groundwater component, whose algorithm is under

development and not completed at RRI ver1.4.2. 1.33-L.36 become inactive with ksg = 0.d0.

L38 — Li44 : River channel geometry setting by equations
width = ¢, A
depth =c,A*

The above equations are used as default settings for river channel widths and depths.

Note that 4 in the equations is the upstream catchment area [km?] for each river grid-cell.

L46 — L49 : River channel geometry setting by files (optional)
If one would like to set width, depth and embankment height from files instead of the above
equations, set 1 in .46 and prepare the files in ESRI/ASCII format.
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: L.38( 100 # riv_thresh !
1 .39| 5.0d0 # width_param_c RRI_Input.txt :
: L40| 0.35d0 # width_param_s :
1 L41] 0.95d0 # depth_param_c |
: L42] 0.20d0 # depth_param_s :
1 L43] 0.d0 # height_param I
: L44 | 20 # height_limit_param 1
| L45 ;
1 1.46] 0 |
| 147 riviwidth.txt !
I L48| ./riv/depth.txt |
| L49| riviheight.txt !
1 L50 I
I a

L51 — LL55 : Initial water depth on slope, river, groundwater and GA Model cumulative by files
(optional)

If one would like to set initial water depths on slope and river for each grid cell, set 1 in LL51
and prepare the initial condition distribution files specified in L52, .63, LL54 and L55. Note
that the format of the files is the same as RRI model output.

P e o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e

L511 0000

RRI_Input.txt

|
L52| Jinit/hs_init_dummy.out !
L53| ./init/hr_init_dummy.out I
L54| /init/hg init_dummy.out ;
L55] ./init/gamptff_init_dummy.out 1
L56 :
L571 00 1
L58]| ./bound/hs_bound.txt 1
L59]| ./bound/hr_bound.txt :
L60 1
L61| 00 !
L62| ./bound/qs_bound.txt 1
L63| ./bound/qr_bound.txt :
L64 1

L57 — L59 : Water depths boundary conditions (optional)

L57 : Slope water depths boundary conditions, LL58 : River water depths boundary conditions
See Section 8 for the format of the boundary condition files. Use flag 1 for one-dimensional
data format (i.e. time series data at specific boundary condition locations). Use flag 2 in case
the boundary condition files are prepared in two-dimensional data format, whose number of

grid-cells must be the same as the topographic data including dem, dir, and acc. In both cases,
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time stamps in the boundary condition can vary within the file.

L61 — L63 : Water discharge boundary conditions (optional)
(Same as L57 — L.59)

1 165 | 0 |
I L66 | ./topo/landuse.txt RRI_Input.txt 1
| L67 |
1 Les | 0 1
I 'L69 | /dam.txt :
I 170 |
1'L71]0 :
| 172 | /divtxt ,
1 173 1
' L74| 0 !
1 L75 | ./infile/PET.txt 1
: L76 ] 110.2d0 # xllcorner_evp :
y L77] -8.3d0 # yllcorner_evp 1
I 178 | 0.00833333d0 0.00833333d0  # cellsize_rain :
1 179 |
11L.80| O 1
: L81 | ./riv/ilength.txt :
1 L82 1
| L83 | 0 !
1 L84 | ./riv/sec_map.txt |
I .85 | ./riv/section/sec_ :
| 186 ,
B o e o o o o e e e e e e e e e e e e e e e e e e o - 4

L65 — 166 : Landuse setting (optional)
If one would like to use multiple parameter sets for different grid-cells, set 1 in .65 and read

landuse file specified in L66.
L68 — 69 : Dam condition setting (optional)
RRI model simulates the effect of dam reservoir operations based on simple rule. Refer to the

source code “RRI_Dam.f90” for details. (See also 8.11)

L71 — L72 : River diversion setting (optional)

River channel diversion setting (See also 8.10)

L74 — 78 : Evapotranspiration setting (optional)
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Prepare ET file and specify the path on L'75. The format of ET file is the same as rainfall. The
resolution and xIl and yll corners can be different from the rainfall file as far as it covers all

the simulation domain.

L80 — L81 : River length setting (optional) : newly added option to set arbitrary the length of

river channel for each river grid cell (under preparation for more detail on this option).

L83 — L85 : River cross section settings (optional) : newly added option to set arbitrary cross

section information for each river grid cell (under preparation for more detail on this option).

 L87(1101000001
:L88 Jout/hs_
 L89 | .Jout/hr_
1 190 | ./Jout/hg_
: L91 | .Jout/qr_
1 L92 | .Jout/qu_
:L93 Jout/qv_
1 L94 | .Jout/gu_
|
|
|
|
|
|
|
|
|

RRI_Input.txt

L95 | .Jout/gv_
L96 | .Jout/gampt_ff_
L97 | .Jout/storage.dat

199 (1
L100| ./location.txt

L87 — L97 : Output file settings
Change the settings of L87 to “1” to output different sets of simulation results listed in the

same order between L88 and L.97

199 — L.100 : Output hydrographs at specified locations (Optional)
Set 1 in 199 to read the location file and output hydrographs at the specified locations.
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6. Running RRI Model

(O Prepare “RRI_Input.txt” under your project folder (e.g. “./RRI-CUI/Project/solo30s)”

@ Move current folder to your project folder and type in “O_rri_1_4_2.exe” and return.

gis

hs

obs

out

rain

v

topo
B calcHydro.txt
B calcPeak.txt
B3 coordinate.xlsx
B demAdjust2.txt
2] hs.plt
2] hydro.plt
B location. txt
@ rainBasin. bt
B rainThiessen.txt
B RRI_Input.txt

Prepare “RRI_Input.txt” before

executing 0_rri_1_4_2.exe

Calculation status is

displayed
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Visualize Output Data

This section explains how to visualize RRI Model output.

7.1 Format of the Output Files

Each output file contains water depths on slope (hs_) and on river (hr_) and river discharges
(gr_) on river at a particular time step. The units of the output are [m] for water depths and

[m3/s] for discharge.

B ¥ HAN Mode Wout_a¥o DU out = sakura 1.6 Number Of grids in X direction (col)

VD BED ERD B8R Y- BEQ

OF Hid oo & » | HE ST EH A0 i 6
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. 1 0. 0,008 0,008 0,008 o o, 0.00008 0,008 o.00088 o.00088 ]
o § " 0. 0.00000 0.00000 0.00000 0. 0. 0.00000 0.00008 0.00008 0.00000 L]
R i 0.0000 0.0008 0.000H 0.0000 0. 0.0008 0.0008 00008 0. 0 0.00008 0.00088 0.00088 0.00088 0
7 00000 00000 00000 00000 0. 0.0008 0.0008 0.00088 0. 0. 0.00008 0.00088 0.00088 0.00088 0
E ¥ 0.008H 0.008H 0.008H 0.008H o 0,000 0,000 0,000 o o 0.00008 0.00008 0,000 0.00008 ]
i 0,000 0.000H 0.000H 0.000H [ 0,008 0,008 0,008 [ [ 0,00008 10,0008 10,0008 10,0000 ]
= ' 0. 00D8 LUDLS LL0CEL “ooom o 0,006 0,006 0.00088 [ 0. 0.00008 0.00088 0.00088 o.00088 ]
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i 0,000 vrrrr rrer J000H [ 0,008 0,008 0,008 [ [ 0,00008 - - ]
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The numbers of rows and columns are the same as those of the topographic data.

Note that for each type of model output, the number of the files is defined in RRI_Input.txt
(L13 : outnum). The simulation period is equally divided by “outnum” and the number

assigned to each output file represents the output time stamp.

7.2 Visualize Inundation Depth with GNUPLOT

GNUPLOT can be used to illustrate flood inundation depth distributions. Inside the project
folder, the GNUPLOT script named “hs.plt” is included. To change the settings, one can edit
“hs.plt” directly or create another “hs.plt” by using a Fortran program named
“prepHsPl1t.f90” saved in “RRI/etc/prepHsPIt”.
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@O Edit “hs.plt” file to change the configurations.

set terminal gif medium size{ 672, 408 trop

set pm3d map

hs_plt.txt

The size of \
output GIF file,

set palette defined (0.0 "gray", 1.5 "blue", 3 "green") X andY

set xrange [0:]
set yrange [‘] reverse
set zrange [0:] reverse

#set xrange [180:200]

#set yrange [435:455] reverse

set cbrangel0.:3]

set zrange[0.0:]

direction.
; Use the same X
@lo/rpattern settings and Y ratio as
DEM’s col and

TYOow. /

From RRI output (hs_***.out) to gif

set output|"./hs/hs_OOOOOl.gif" |

splot ["./out/hs_000001.out" matrix t "000001 / 000096"

set output "./hs/hs_000002.gif"
splot ".Jout/hs_000002.out" matrix t "000002 / 000096"

set output "./hs/hs_000003.gif"
splot "./out/hs_000003.out" matrix t "000003 / 000096"

@ Start GNUPLOT program by clicking “/RRI-CUI/etc/gnuplot/binary/wgnuplot.exe”

Then open and select “hs.plt” script file.

.. = 2 . e

;File Plot Expressions Functions General Axes Chart Styles 3D Help

[ Repla[ Open [DSave—lChDir || Print || PriSc |[ Prev || Next |

GHUPLOT

Yersion 4.4 patchlevel 4
last modified November 2011 GNUPLOT

System: M3-Windows 32 bit

Copyright (C)

eruplot home:

faa, bugs, etc:  twpe "help seek
inmediate help:  twpe "help”

plot window:

Terminal type set to “wxt’

zruplot> _

1986-1993, 1998, 2004, 2007-2011

Thomas Williams, Colin Kelley and (S 3 ===

Iz | = A1 s Faciage o K » Hodel » = (6 | o

hittp: /Y. grup

hit 'H

Select “hs.plt”

27 A BN - | Defsult (*p)

A
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I7AIF) EE(E)

RRI/Model/hs

=3
EmE. | @BEC »  ASARIs—  HE  STAATEETE  FLLITALS— - [0 @
Sl S “ &Eh ksl ——
57| hs_D00001.gif (5] hs _gBsas
|| G- af > L [ hs_000073.g7 - Windows 7 - E2—7
| sayama 5| hs_0DOG03.gif |5 hs]
. Documents [&8 hs_000005.gif & hs] SRR B LSRR Y N “ I
| RRI 5] hs_000007.gif []hs
| summary 5| hs_000000.gif [ s ! 3
L share E 58] hs_000011.gif [ hs 000073 / BOOBIE
L share-sayama 55 hs_000013.gif [ hs s0 | 3 7 =9
L sayama_desk (SAYA_ 57 hs_000015.gif [&8] hs ] 3
) 55 % o= — S| 4 :
EREBEEATOZ | hs coo0r7.f e 100 - o i * i
B FonO0-F | [/hs_ooon10.gif [ hs | F : 19
o 5 — ;45 . . = £
E BERRUESA [55/hs_000021.gif [58hs] 150 £
59 hs_000023.gif [ hs | :
= 517354 57 hs_000025.gif 5] hs 208 -
o S ) _ 0.5
B Ffaxzb 58] hs_000027.gif 58] hs]
& EoFre &6 hs_000020.gif &8 hs] 250 1 1 L 1 L ! 8
= R 56 hs_000031.gif [=h3 ] 50 108 150 208 250 380 350
N =a—sws S ke AnANND niE =]l
{ — hs_000001.gif E3FEE: 2012/11/12 8:35 gz |
GIF A A—3> KEE: 571% 287 {EFEEE:

7.3 Hydrographs at Specific Locations

A Fortran program named “calcHydro.exe” can be used to generate hydrographs by picking

up values from “out/qr_***.txt” at specified locations.

O Edit “RRI/Model/calcHydro.txt” (see more details “RRI-CUIl/etc/calcHydro/00_readme.txt”)
L1 : [In] location file (e.g. ./infile/solo30s/location_solo_30s.txt)
L2 : [In] RRI output file (e.g. .Jout/qr_)
L3 : [Out] hydrograph file (e.g. ./infile/solo30s/disc_)

____________________________________ 1
I . . .

| Jinfile/solo30s/location_solo_30s.txt calcHydro.txt |
| out/qr_ :
: Jinfile/solo30s/disc_ I
———————————————————————————————————— od
I Cepu 68 167 - I
: (list all target locations) location_30s_solo.txt :
e e e e e e e e e e e e o - —— —— a

@ Run “calcHydro.exe”. (Execute “makePostProcess.bat” in advance to compile.)

@ Check the created files specified in L3 of “calcHydro.txt”. (e.g. ./infile/solo30s/disc_)

@ From GNUPLOT screen, open and select “hydrograph.plt”, which is a GNUPLOT script
file to plot hydrographs. Any other plotting software, such as Excel, can be also used to
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draw hydrographs from created files (e.g. ./infile/solo30s/disc_Cepu.txt).

In the location file (e.g. ./infile/solo30s/location_solo_30s.txt), one can list all target points,
which you want to calculate hydrographs. Write the “name of location” and “loc_i”
(y-direction) and “loc_j” (x-direction)

Note that “loc_i” is the row (y-direction from top) and “loc_j” is the col (x-direction from left).

I
To identify the observation points in mesh coordinate (loc_i, loc_j), one can use :
I
I

“/RRI/etc/coordinate.xlsx” to calculate based on the coordinate in latitude(y) and longitude(x).

111301 7,008 D Er s

(Displaying “acc” on top to make sure the selected point is on a river grid cell.)

@ Open one of the topographic data (i.e. dem, dir, or acc)

ncols 336
nrows 204

1 .
xllcorner 110.2 acc_solo_30s.txt
yllcorner -8.3
cellsize 0.00833333333333

-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999

|

|

|

|

|

|

|

Il NODATA_value -9999
|

|

|

|

: -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
|

7-4



@ Read the header part (red box in the above figure) of the topographic data and copy the

same information in the Excel file (i.e. /RRI-CUT/etc/coordinate.x]sx).

T A0 I T oot T icosot Excel W
M-h | BA A-SLATIN B 75 BB R BELODIISWL Acrobat o @ o @ 3
= % ws oo i A =l e = BE - B EeaEE - S=EA- E -
' E;J a- - y" =7 @, @rowietme- Fae- @ I;? ‘?_a
| w2l g |B LU &" G- A & B enzsfl - EEt - | @~ %E’}ﬁ’ic. g;’?f.
B TR-F T 3 2540 L s
E1 - £ | 59339083 v
A E Q) D E F G H I J
ncols 336 1<-Condition X 99 339981<— Input i 13
2 nrows 204 W 16 8high2 ] 73
3l 1102
4l 23 i =2791 <—Output * 1108042
5 cellsize 0008333 ] =1304 W =720417
]
1 |=ur 113
8 [vur —G.0

Memo : This excel sheet is used to conver (x, v) —> (i, ) or (i, J) to (x, v)
1. Set column B (neols to cellsize) based on dem file for the simulation.
2 Set (x, v) in E2 and E3 to calculate (1, ) in ES and EA

3.5et (i, Jin 12 and I3 to calculate (% v) in I5 and I6

15
{4+ M| Coordirate ¥ 1l
aF | [EOm 130% o)

@ Type x and y (or lon and lat) coordinate of the target point, then the calculated mesh
coordinate (loc_i, loc_j) appears in (E4, E5).

(“coordinate.xlsx” can be used also to convert from (loc_i, loc_j) to (lon, lat).

7.4 Visualize Peak Inundation Depths

Fortran program named “calcPeak.exe” can be used to compute the maximum flood depths

based on RRI Model output (“out/hs_*.out”). See 2.2.3 the procedure more in detail.

O Edit “RRI/Model/calcPeak.txt” file after RRI model execution.
In “calcPeak.txt”, L1 sets the path of dem file, L2 sets the RRI model output file to
calculate the peak, and L3 sets the number of output files. L4 defines the output file of
calcPeak program. See details the readme file of “/etc/calcPeak”.

3

@ Execute “calcPeak.exe”. (Execute “makePostProcess.bat” if the executable file does not
exist.)

@ Check the created files specified in L4 of “calcPeak.txt”.

@ The obtained peak water data follows ESRI/ASCII format that can be visualized with

ArcGIS.
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7.5 Visualize Inundation Depths with Google Earth (Optional)

7.5.1 Preparing KML File

By using “RRI/etc/makeKML.f90”, a kml file (e.g. “runoff.kml”) can be prepared.
User needs to edit “RRI/etc/Kml_input.txt”.

3.75
Jinfile/solo/adem_30s_solo.txt
Jrunoff.kml

: Dem file name (for lat,lon)

: Output file name

: Start time (Year Month Day Hour Min (UTC ))
: Number of gif files( = "outnum" of RRI_Input.txt )
: Timestep (hourly) ( = "lasth / outnum" of RRI_Input.txt )

Kml_input.txt

“Time step” needs to be input as “hourly” data.
This “Time step” should be “lasth” / ”outnum” input
in "RRI_Input.dat”.

<GroundOverlay>

When it is executed,
“runoff.kml” is output.

|
|
|
: <TimeSpan>
|
|
|

<begin>2007-12-24T00:00Z</begin>

<end>2007-12-24T03:45Z</end>

</TimeSpan>
<Icon>
<href>hs_kml/hs_000001.gif</href>
</Icon>
<LatLonBox>

<north> -6.60000</north>
<south> -8.30000</south>
<east> 113.00000</east>
<west> 110.20000</west>

</LatLonBox>
</GroundOverlay>

runoff.kml

#  The output of “runoff.kml” reads gif files created in the folder of “hs_kml”.
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7.5.2 Preparing GIF Files with GNUPLOT

The method of plotting “hs_kml.plt” using “gnuplot” is shown below.

D Prepare a gnuplot file (e.g. “RRI/Model/hs_kml.plt”), which can be essentially the
same as hs.plt explained above. However, the gnuplot script file used here (.e.
hs_kml.plt) must have some additional statements in the blue box in the following
figure. The statements delete unnecessary axis and legends to be appropriately

overlay on Google Earth.

t
rese hs_kmlplt
modify
set terminal gif medium size|672, 408 krop

add

set Imargin 0

set bmargin 0

Designate size so that the aspect ratio of
size and ratio of number of meshes match.

set rmargin 0

set tmargin 0

set notics This part must be added
set nokey to the original hs.plt file.
unset colorbox

set pm3d map

set palette defined (0.0 "gray", 1.5 "blue", 3 "green")

set xrange [0:]
set yrange [}] reverse

set zrange [0:] reverse

#set xrange [180:200]
#set yrange [435:455] reverse

set cbrange(0.:3] The folder name, ‘“hs kml’

should be input here.

set zrange[0.0:]

modify

set output "Jhs_kml/hs_000001.gif"

splot "./Jout/hs_000001.out" matrix t "000001 / 000096"
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@ Start “GNUPLOT” and run “RRI/Model/ hs_kml.plt”.

Eilo Biot  Expreqzions Fugetions t Siyies a0 Help
Replot J_ Open_J[Yave || ChDir [ Print ]| PPl Prev || Next |

Lot

4.4 patchlevel 2

ified Yed Sep £Z 12070234 FOT 2010
3

1998, 20{:-1. 072010
Hey and many others Select hS_kml.plt
gnuplot howe: nite:ffevw.gnuplot. info

twpe “help seskinc-sssisiance”
type “help”

sa. bues
lumediate help:
elob window:

Terminal Lype sel Lo "wsl’
jenup ok >

@ An image file is prepared in the “RRI/Model/hs_kml]” folder. (Note that a new folder

hs_kml must be created in advance.)
7.5.3 Visualize GIF files with Google Earth

@D Start Google Earth and drag “/RRI/Model/runoff.kml”.

e
: L S e RS e --..l_x_':..i‘*%
3 v Sien in
1 O
Gat Dicoctions  Mistory
¥ Places
+ By My Faces hs
{=-] | Lord . hs_kml
. infile
afl . out
I i T 3 source
B ] m70_rri_1_4_l.exe 4
=7 calcHydro.exe {|
UL-LIHD:;__ :‘"__\_H ) calcHydro.bxt 1Kl
' = calcPeak.exe 5K
1KB
Bo [+ runoff.kml. 1k8
A T P L drograph.plt 1KB
y .,.-:'-m::,[:::_?:::‘:( s e Kml_input.txt 1KB
f"_:l “ - . &) make_1_4_1.bat 1KB
" ] Makefile 1 4 1 1KB
= =] makeKmi3.exe 8 KB
&) makeKmi3.fa0 5 KB
%] makePostProcess.bat KB
B RRI_Ipubbd. — o K8
=r’u_noff._kr'nl_ — KB
& solo.pl KB
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8 Google Fogf e = L as SN s =
¥ Search E ¥ oY || B & | E . & B |E Sien in

Search

e Museums in Mew York, WY
Get Directions History

¥ Places
PR~ My Places
- o sxyr—
B9 30 TRILA¥
ICFTwIHASTVS §
- @ picasa Link
- [VI& My picasa Pictures
- B runoffkml
s V&= Temporary Places
- V1B runoffkml

|] + | ¥

¥ Layers Earth Gallery »
s @z Primary Database -
> =] P Borders and Labels
- [O@ places
;> O = photos
[[= roads
» @ 30 suildings
;> E‘{) Ocean
;> Dﬁ’ Weather

Central aval

- D\;-? Gallery i Tour Guide
[y

1

/\

= T === 1. To reduce the number of

figures, move the left marker to
the right edge, and superimpose
it on the right marker.

¥ Search
Search r
Get Directions  History
¥ Places
+ Wy my Places
O wyr=

& picasa Link
S8 My Picasa Pictures
B runcffkam|
a ¥ 88 Temporary Faces
413 runoff lomi

@

oy o B S,
Y5 | i =
DY S e Eirthaliesy
+ W = primary Database -2
B F soeders and Labels
B Poces
® Photos
BR Roads
W5 30 Buikings
@ ocean
TF weather
dr Gallery

2. Set the permeability with the

D il e permeability slider.

¥ On time slider: The right marker represents the present time, while the left
marker is used for the number of figures to overlay. Figures in the period between
two markers are displayed.
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® Execute animation.

1. Drag the right marker, and move
it to the start time.

3. If user wants to change the speed
of animation, click option button.

art date/time: [E/28/07 236 PM

End date/time: 12/28/07 936 PM |

Set the animation
speed by this slider.

Display time in

@ UTG (Goordinated Universal Time)
() Time zone on my computer
() Specific time zone ACDT Australian Central Day)

$¢ <note>. During the animation, two markers should be moved at the same time.
If user can’t move the left marker, stop the animation and fit the left marker to the
position of right marker and restart the animation.

@ Save the results with kmz file, so that it can be distributed to other users without gif files.

| File Edit View Tools Add Help

| ¥ Search B

RS

Select “kmz” from types of file,
designate the file name as
“runoff.kmz”, and click the save

o) (@l (@) (1] [=ia]]e Sien in

| Search

| Got Directions  History

| ¥ Places

RS s button.
[=F 55O
B Ficasa Link - — \
763 My Ficasn Pictures i
(=]
| 2 88 Temporary Paces K
410 runafteml
dd
Cut
Copy.
-
Delete Contents
¥ Layers Eart
s W= primaryData Femome
= F Borders an Revert H
2 ey S to My Piaces )
N e | b e
=rosds | Save Place As... p
W) 10 nudding POt Bo Google EArth Community Forum = '
@ ocean Email... [
L weather
y « —-
¥ o, | Spotven Select “Save Place as ) P (e
@ chotalawn  SOtAZ . A = DS CHES ) il
- —
B wore TG from the right click menu. _—
Tour Guide

7.6 Visualize Results with Tecplot (Optional)

7.6.1 Preparing input File of Tecplot
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calcTecplot.txt

2007 12 24 00 # start time : Year Month Day Hour
360 #lasth [hour] : calculation time (1.10)
96 # outnum [-] > output file number (1.13)
./Model/infile/solo30s/rain_solo_30s_gauge.dat : Rainfall file (1.3)
/Model/infile/solo30s/adem_30s_solo.txt : Dem file (1.4)

110.2d0 # xllcorner_rain grid data of Rainfall
-8.3d0 # yllcorner_rain (from 1.14 to 1.16)

0.00833333d0 0.00833333d0  # cellsize_rain

1101110001 Output file from RRI
/Model/out/hs_ (from 1.87 to 1.96)
/Model/out/hr_

/Model/out/hg_ User needs to edit these lines in “calcTecplot.txt”.
/Model/out/qr_ All the lines except for the first line (start time)
/Model/out/qu_ can be copied from “RRI_Input.txt” to be
/Model/out/qv_ compatible with simulation setting.
/Model/out/gu_

/Model/out/gv_

/Model/out/gampt_ff_

Output file name for Tecplot
(use “dat” for the extention)

TITLE = "Internally created data set"

VARIABLES ="X" All data outside the red border are

myn header information, which is not

"DEM (m)" necessary to be modified.

"Rainfall (mm/h)"

"Water depth hs (m)"

"Water depth hr (m)"

"Water depth he (m)" “VARIABLES =" ...” shows the variables to
. ) p g be displayed on Tecplot. Edit this if

"River discharge qr (m3/s)" necessary.

"Slope discharge qu (m3/s)"
"Slope discharge qv (m3/s)"
"Ground discharge gu (m3/s) "
"Ground discharge gv (m3/s)"

"g-ampt (m)"

ZONE T="Contour T ="

STRANDID=1, SOLUTIONTIME=

1=336, J=204, K=1, ZONETYPE=0rdered

DATAPACKING=POINT

DT=(SINGLE SINGLE SINGLE SINGLE SINGLE SINGLE SINGLE SINGLE SINGLE
SINGLE SINGLE SINGLE SINGLE)

I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
1| ./calcTecplot_out.dat
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
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Use “RRI/etc/calcTecplot.f90” to prepare an input file for Tecplot (e.g. “calcTecplot_out.dat”).
Prior to running calcTecplot.exe, edit “RRI/etc/calcTecplot.txt”, which sets the condition for

generating the input file.

(D Start Tecplot, and load data file.
[File] > [Load Data file(s)] > [Tecplot Data Loader] > [calcTecplot_out.dat]

It takes several minutes to load the data file.

[ Tecplot Focus 2013R1 =
Toir view Fot Insert Animate Data Frame Optiens Seripting Tools Help
Wive Lyout ot M D224 B 20000 O 24 B
Open Layout... Ctri+0
ETOEEL: Rl = 001 | 22 Jan 2014 | No Data Set
Savie Layout as... Ciri+W
| bt FeE, T T T T T
‘Write Data File... [k-
Print Preview...
Prift... Crrl+p
Pager Setup...
Publish...
Select Import Format JEITTT (e
EXpOrt... P
Preferences ' DEM Loader B
DF Loader
o Euuki Excel Loader
1...0_test140120_newlay General Test Loader S DB | Tecplo .0 T m-
2 . ¥Tecplot¥tee_out.lay ng%ﬁads' N
3 ...0_test140120_new.lay BLY o ? - £ =281 2/E HA =3
4 ...¥solo_test140120.lay 1! infile 2014/01/0... 7 I F...
5 ecplolisole_testlay \ | make-tecE I 7 UL 2014/01/2...  TrA) T
J! Model-tec 2014/01/1... 7L D
o ~ old-file 2014/01/2... FFANL T
<l
Choose “Tecplot Data E vdeo 2014/012.. 74N 7.
P 5 L calcTecplot_out.dat — 2014/01/2... DAT J7-()L 584,785 KB
Loader” format, and Dl maketec oty plt — 2013/03/2.. gnlet 5. 334,189 kB
o Click OK.
~ .
] Select the output file of | __
13 29 - B0}
e Prow calcTecplot.f90”. L,
Quck £, r | NS _ 4{ I
E ; Dpen URL
Redaw | | iecin [ IJ[ Cancel ] [ el ] JOGEE ] (= ‘ Ly
Frame — —
1414 ..; [7] Specify Options
DRedw ¥ I T T Fr— T T :
e =)
[ Pint Appunsimasinns Load & DataFile into the active frame I
—
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Selact Initial P]o_tA
mmmmmmmemmlmm

B WA Ak 2200 F Rebidd Hh ad0000 O &5 B
Initial Plot Type = - -
= Frama 001 | 22 Jan 2014 | Intarnally created data st
[ Shaw First Za\‘tes k o z
[T Use These Se Po|a[lr|1_?ne
Sketch
= Y
Automatlc X
anc:e Help ]
[
Choose“3D  Cartesian”,
and Click “OK”
- . .
3D elevation data is
displayed on Tecplot.
[ - GuchEd, | |
Nedan Predrav
7] Frame vy
etk ] E T h LS T LA LA - B
7] Plot Appeosimations. Click B Selact, Dirag b Select Group

@ Write data file (changing input data to binary data), and also save as layout file.
[File] > [Write Data file...]
[File] > [Save Layout] ..
By Making the binary data (*.plt), user can reduce the amount of time to reload

layout file. User needs longer time to reload without the binary file.

LT Insert Aremate Oeta Frame Opbons Scripting Tooks Help
New Layout Jo st M Dt 24 o w7 0000 O &4 EHE
Open Layout... crle0
L SR - < 001 | 22 Jan 2014 | Internally created data set
Save Layout as... W
| _ tosd oata Fike(s)..
i _wnzm:ﬂ&té_ L _ . Write Data File Options X
Prink Previe...
i Gl Details to Save
Paper Satup...
[ Text
Publish...
Export... || Geometries
Preferences 3 [] Custom Labels
it Cerleg Field Data
1...0_test140120_new.iay P
e EData Sharing Linkage [If Possible] [rrp— | Tecplt .82 mE-
3 ...0_test140130_new. lay Face Neighbar Infarmation Generated by Tecplat L - §
4. Ve, test140120 Jay E2L 0] B 853 o] X BE
-ecplot A , infile 2014/01/0... T7-IL ...
: i b File Format Wersion: | Current (Tecplat 2009) . _ !
o make-teciE T 7L 2014/01/2...  T7AIL T
ChOOSe Sye Data File Using: Zone/Geometry Format: | Model-tec 2004/01/1... 7 A Fe
. ® Yinay Point || old-file 2014/01/2...  I7A)L F...
Binary = }ﬁ e T ) video 2004/01/2... TFAN T
\_‘P B I:I - [Elmaketec_output.plt  2014/01/2... gnuplot J... 334,189 KB
Tecision
“P: » \
Select Binary in
. . Variable[s]:
« 2
Save Data File Using
: « 2
and Click “OK”.
< i | 3
P IRINE: o - TEERE )
- —
et | | Redom I ILDIELRT: [B\nary Data Files (*plt) v] VA=
A1 Frame
jmm | L TR | [ saveu
| Plot Appeuinctcns Sanve the data in the Layout Assaciation -
[¥] Associate Layout with Newly Saved Data File your blnary fl].e
: « 9
T L] [ree] name, and Click “Save”.
-
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B
New Layour Dk M D% 24 P2 O000 O &4~ B
R - L I
= —xﬁu— - —E':—':: ==~ | 22 Jan 2014 | Internally created data set
Load Dats Fils)... i |
Write Data Fls... e ¥ g
Print,. Ctriep
o San. | w30 ) Tecoie LoF e E
Publish...
Export... i BitEzl =5 H1A B
prefererces ' 1. infile 2014/01/06 16:26  T7 Al J.
ok sl | make-tecE I 7L 2014/01/21 14:10  T7 )L F...
1..0_test140120_revclay I
S o | Model-tec 2014/01/17 16:35  T7 Al F..
3..0_pest140120_nevelay |, old-fila 2014/01/21 14:10  J7 AL J...
S )| video 2014/01/21 14:12 I7 ()L J...
{Etec outjay 2014/01/22 13:40 LAY J7AIL. 20 5 - -
Edit your layout file
name, and Click “Save”
< in |
7 NN tec_out lay - mﬁ’aw
FrALDIERT:  [Linked Data (tlay) + [ FEetn |
[CJURL: ‘ | | Save URL |
Uze Relative D ata File Paths
oo Gunics M i T T )
[ Piot Appsosimationa Savie th current Layout File —

O Edit the ratio of XYZ and hide the axes.
[Plot] > [Axis ...] Select “XY Dependent” in Dependency on “Z” tab and input Size

Factors in Z (following example shows the Size Factors Z is set to 0.1). Uncheck “Show
X(Y,orZ)-axis” on X, Y and Z tab to hide the axis.

R — o0 O N @4
Uncheck “show Z-axis” checkboxes
B on X, Y and Z axis.
] scamat Strearmitraces... f
[¥] Shade Sheas...
[Edm | teo-Surfaces...
o Contour/Mult-Cokoring.. -
Wity [ | SE—T—
] Tuamibiconiy vecter B | [Cshow z-pxis _ | X Y_|
a0 S| m""“‘ : Fanee | Grid | Ticks | Label | Titke | Line | Awea |
Ecge Detalls... Min =167 Ii‘ Resst Ranee
L " Max 3267 & Humber Format
wle o Prezerva Length when Changing Rangs [ Uee Log Scale
o W‘; [ Reverse fixis Direction . P
Label Points and Cells... Dependsncy ¥ oY Patio Size Factors After seilectlng « XY
Sy L. - 1 i@ Dependent”, set Size
L@ Depenns | 070 v g Factor” of Z as around 0.1.
%02 Dependent I o o =
[
N
Snap b Gad
=
I Peciow ] Rlecka |
N Frame
6o Peow
[+ Cache Giaghics i in
[ Piot Agpecoimations Edit ks range, tickmarks, title, position, dependency, otc.
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@ Fit the data display range to the target range.
[View] > [Data fit]

L

2 cay he 523 it the active Fams

@ Edit point of sight angle.

[View] > [Rotate...]
Rotation Mode

@) KrZ-bis < Hasis B
() Spherical =] vass [
() RolleBall =] Zhsis [

Rotation Step Size [deg) 5 -
Center of Rotation

X 1025 &

Y 1685 B
z w5 B

Spherical Angles

Pi 500 1

1 Theta W 1

| aphe 000

Set as follows; P — — =1

Psi 5.00 elGe)
Theta -90.00 -
Alpha 0.00 — !

Me WU Vaw Tt el reets Cols s Optom Sopmg Tock M

BEs Gk #2Cand B os - »aFOoOD0 B B
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@ Delete unnecessary frame
[Frame] > [Edit Active Frame...]

Edit Active Frame Uncheck “show Border”

Order Frames.., checkbox_
Zora Sl K Fit AN Frames to Paper Frame Dimensiors (Paper Ruler Units]
o e S Size and Posilion -
Load Frame Style. Left Side 1.000000 ‘width  9.001
Tibe Eramies. Top Side 0250000 He +
30 Multi-Frames. Y —
/. L f\ quvﬁordjl _ Thickness (%]
TR \ [7] Show Header Color

] Show Background  Colar

Frame Name Frame 001

] A Redkw

7] Cathe Guaphics t : | T 7 TR T + | BT | P 13
1| Pt Agrrcaamations. Edit the active frome's size, position, border, header, and color

—

(® Edit translucency of shade
Click “Zone Style” and edit the value of “Surface Translucency” on “Effects Tab” to change
the translucency of shade (e.g. 10%).

i W S s e M o e A ks
File B View o FOU - Insert  Animate  Dats - Frame - Options: Sorpting Tooks — Help

Del B %4 QF #p o sw(@Rwss <0 h a70000 B o @&

| [ Mesh | Contowr | Wectsr | Scater | Shede | Edee | Powts | Surfaces wnnl_ilhek:
Zone || Zore Group | [Zone | Use Viskie] Gi By [ Use Surface | Sirtaca | [ Lt -
tam | e mmmu'ww!mua-w'mm:l.m]
1s raTE) Tes | AR Ties Y

§

REREEREY
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(D Select variables to draw contour. User can select variables up to eight variables.

legends of variables are automatically set.

The method to edit them is described in @).

13R1 R
= - = = - - 4 = - - - L. S S
File Edit  View Plot  Insert  Animate Data  Frame  Options  Scripting - Tools  Help
DEH B (WA Qk # B0 ENE Bw %5l h wPO000 O Ha @i
o 2 <& - = =
e — Legend ID and
~ed .
Pteasti [ selected variables
<l =1 '
[l ealten
'z;sh-lh \ ; ¥ 5
En::u - 2[E s ¢ 2
Zues e S|t | e |l
| Tranabucency
. | Resetlevels. | | Memlevss. | [ Addlevels. |
I_ZO" !.:I Lfm_ls Level 1'0J Add
S
iu [
& .08 1
;:i Gonsour Varisble I — — — —— — —
FRR i % Following variables are selected as an
ek Wax | 00039 I
R I example.
: 1. DEM
1 2. Rainfall(mm/h)
[ Bemeve Sekcted Lovels |
I 3. Water depth hs (m)
|
= | 4. Water depth hr (m)
"I 5. River discharge qr (m3/s)
ety | I 6. Slope disch (m3/s)
g b Gl
i R " . ope discharge qu (m3/s
B | o I 7. Slope discharge qv (m3/s)
(]t Fimsceaws
[ Conchm Gitnphacs. . e ———— — — — —
[ Pio Eppeceamanoen. Click to Select, Drag to Select Group

The

@ Select variable to display. User can select variable from variables identified in (D. Click

“Zone Style” and edit “Flood By” on “Contour” tab to edit target variable and its

legend. "Water depth hs (m)” is selected in the following figure as an example.

s —

1301 -
- e

=B Eo|

File Edit Viw Flot incert Animate Dats Frame Ophons  Sonpting Tocks Help

_DBH E_m‘v B O e R O St

BoaFDoC0 O i

(B Cotesien v Zone Style’ =) Ik
Zonw Sul ~ - — r
e ml@fm'm[wwlm | Eaen J Pones [ Suetaces | oume | Eiects I
Medh N 1 N ; ——
o b 2 I [Zeen | [Gont || Gonbous |l Flood | L L Lo | Pien |[ L (=
Hcwior (2] - A
Vecl IDEETTTAE T C1: DEM (m) O =
Bl cedler 2 Raiedall (mm h)
J':::" | T3 Water depth hs (m) 1
: i winter Sapth b (m)
& s C5: River descharge gr (m3/s)
gkl — C6: Slape discharge ou (m3/s)
s | €7 Siope dscharge av (m3/s)
(B [ CB: unassgned
]
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@ Edit legend.

User can edit color legend of contour as follows;

(=@ = ]
— — - - — L J
File Edit View Plot Insert Animate Data Frame Options Scripting Tools Help i

DEH 2 N4 Q¢ 2P 0x%d M D458 B 70000 0 &5 HE@
Zone Surfaces r "
Layers: Contour & Multi-Coloring Details | % |
[T Mesh - - +
#cortor 1 q\ 12 4 5 6 7 8 [Water depthhs (m) =
e =1 WS
ectod Levels || GColoring | Bands | Lines | Labels | Legend | B n
[C] Scatter o S,
[] Shade [ Pesetlevels.. | | [ New Levels ]W
["|Edge (-] Levels T T T Tiewl o Add in. Ma. and Nur -
Effects: 0 o A Min, Mz, and Deka |
/| Lighti = I
[] Translucency 406
b 08
? }2 Gontour Variable 1 it [ 1 +
A Min: 01 I Maimum Level 4 1
i Masx s 00089 : Numberof Levels 16| | +
12 22 —
130 21 L | CE I +
14 : 28 BrSeT—
| FReset Range |
+
\Qam:e\ l [ Help ]
- +
Remove Selected Levels ]
3 b
Set “Contour level Range +
+
.
+
+
4
[ Shap to Paper
] Snap o Giid n
Object Details.
Rediaw | | Redaw |
Al Frame
[] Auto Rediaw
Cache Graphics i 2 3 14 = 6 [ & £l e
[ Plat Approximations

@ User also can edit “cut off” to display upper and lower color limits. Color up to 0.5m is cut

in the following figure as an example.

Contour & Multi-Coloring De‘LBi_ (S|

1 2(3]4 5 6 7 8 [Waterdepthhs(m  ~]
Levels |1 Coloring || Bands | Lines I Labels | Legend |
——— -
Uze Golor Map Group | 3 (Modern) - |G
Calor Distribution Method
@ Banded
() Gontinuous

Contour Walues at Color Map Endpoints:

Mz 00089 | Peset |

[l Use Approximate Continuous Flooding

Color Cutoff R

[¥] Gutoff Galar Below 105 I

[] Coutoff Galar Above l}
Caolor Map Adjustments

7] Reverse Cyelez 1
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(® User can check the time series of the contour figure.

[Animate] > [Time...]

4 Tecplot Focus 2013R1

File Edit View Plot Insert [Animate | Data Frame Options Scripting Tools Help

! T Di-Planes... ~ > A OO0 B &
LK Blanking... - - i
Zone Suifaces S
L.ayers Mappings... Settings | Animate
Mesh Slices... T YT E—
I oot [ ctrenmtraces Start Time 38440 Min: 39440
[l vestor ST ey End Time 39454 84375 Max: 3945484
Gzl R \ Tine Step Skip ! Number af Time Steps: 06
e Key Frame Arimation
[ClEdge & i
Effects 0 Operation Forward -
[¥] Lighting - AnmationStep 1 ] ]
I Trerhcency * nimatin Ssp Start animation.
— Cument Tme 39440
L
+ - 0 r
M =i+ M
4 - Lirit &nimation Speed
Max Speed (Fi/sec)
+ - [ Trnn dialnn Aurinn Arimatinn
[ Oloss | I Help )
4+ -
+ - -+
Water depth hs (m)
+ - 4 -+
35
+ - 3 -4
25
+ - 2 B
15
+ - 1 -+
+ - -+
[] %nap to Paper
[ Snap ta Grid I I
Quick Edit
2 3 = =] v 1= 19 o

Plot &pproximations Animate by time

Water depth hs (m)

4
s
3
)
2
1
1

o

5
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©® Export animation file
User can export animation file.
[Animate] > [Time...]
Select “To File” in “Destination” and “AVI” in “File Format” on “Animates” tab in “Time
Details”. If user needs to edit animation speed, click “Generate Animation File” and edit

“Animation Speed” if necessary.

o R | ... ==
finimate Export Format | &k - Calar
Start Time 39440 Min: 33440 !
End Time 30454 84375 Mas: 3945484 Region "
Time Step Skip I_ _ _ _ _Mumber of Time Steps: 96 @ |lze Width of Image on Screen

1
. - 1 P '
Deztination [T'Z' File 'L (") Enter width

File Format I| Exported Image Dimensions: 778 « 652
e N
I [ Generate Animation File ] : \ [l Antialiasing '
_________ Supersample Factor [2-1E]

'

@ Display timestamp information on animation
If user needs to display timestamp information on the contour figure, add textbox and
input as follows;

Time = &(SolutionTime%ddd dd-mmm-yyyy at hh:mm)

@ Display time series graph on plane view.
Select [Tools] > [Time Series Plot] > [Probe To Create Time Series Plot] and identify the
position by left click with the pointer “+” to display the time-series. Note that the variable
selected as “Flood By” will be shown on the time series graph. Hence user needs to change

the setting of Zone Style and “Flood By” to display different time-series (e.g. qr).
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File Edit View Plot Insert Animate Data Frame Options Scripting Tools Help

DEH & ®A Qb4 &% 0o Mw Lo

Zone Sufaces

Lighting D

Tianslucency

Zone Style...

Snap to Paper
[] Snap to Giid

Text Details

lo7 OO0 O &~

]

Enter Text Sting
| T S diarTineZadd Gk -y ST frm) _I -

i

Color Qrigin
Fort Helvelica, 24pt ] 12718444

Angle (deg) 0 -

¥ B7.58984375

Posltion
AbC 1 23 Coordinate System

[ canesl | [ Hep |

[ cose |

Riverdischarge qr {m3/s)

2000
1800
1600
1400
1200
1000
§00
600
400
200

Redraw Fiediaw
Al Frame

[V] uto Rediaw
Cache Graphics

[ Pint &nnrssimations:

Click to Select. Draa to Select Groun

tec_out.lay - Tecplot Focus 2013R1
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8. Application Example

This section presents the application of RRI Model to the lower Indus River basin. The target
area is below Tarbela dam, Kabul and Panjdnad points as indicated below. The simulation
domain is about 340,000 km? and the river length is about 1,400 km. In this example, the
river discharge boundary conditions are prepared based on observed discharge records during

2010 floods to force the model with rainfall records.

A Panjnad ;.

e

A polygon covering the simulation target (the red mask in the above figure) was prepared first.
The flow direction data in HydroSHEDS (30sec) was used to identify the entire Indus River
basin. Then the upstream areas above Tarbela, Kabul and Panjnad were removed from the

entire Indus River basin.

The background image of the above figure can be obtained from the following site

(http://goto.arcgisonline.com/maps/World_Imagery) and used in ArcGIS.

8.1 On Input Topography

By using the catchment polygon, dem, acc and dir datasets were clipped for the catchment
area. The function embedded in ArcGIS ([Spatial Analyst Tools] & [Conditionall & [Con]) was
used to mask the target area out of the regional datasets of HydroSHEDS (30 second
resolution). Then “demAdjust2” program was used to adjust dem and dir to create adem and

adir.
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8.2 On Input Rainfall

Ground gauged rainfall records provided by Pakistan Meteorological Department (PMD) were
used for the simulation. The green dots in the left figure below show their spatial distribution.
The below right figure is the formatted ground gauged rainfall data with the latitude and

longitude information. Total 93 data was used to create spatially distributed rainfall data.

(EE™- -0 T oy Rain.xis [E#E-F] - Microsoft Excel
fiel | BA  A-SLATIN BR 74 BB F=  EELS IVl Adobat o @ o @ xR
@ % MSPTIH - 11 - = o\ - EEerEE - F=EA- I - ﬂ m
Fi;JMU Ga- .H I U~ AN = BH- @ %?—M&lﬂg‘ﬁﬁi - ?Eul@:' 8- e BEE
Vg | me B-A| % B elorsl - BEt-| @ 5" gR-
BwIR-F = Tzt ] ) fE & pcalls L BE
A - AEE v
! A B @ D E F G H 1 J K =
1 95
@ Lat 2920 2920 2924 3137 32.02 31.26 33.61 3337 3117 32.30
3 Lon 73.51 7147 71.47 71.04 70.38 73.06 73.10 73.06 7219 72.26 =
4 0 0 0 0 15 0 6 9 32 0 15
5 86400 0 0 0 50 0 60 -999 -999 23 20 I
(4] 172800 5 999 -999 3 46 52 10 29 45 85 i
7 259200 18 999 -999 1 7 0 5 3 0 0
5 45600 [) [} [) [} [) [} [) [) [) [)
5 | 432000 [) [} [) [} [) [} [) [) [) [)
10| 518400 [) [} [) [} [) [} [) [) [) [)
11| 604800 6 [} [) [} [) [} 099 3 [) 1
12 691200 1" 27 4 1 6 1 68 19 0 16
13 777600 0 5 14 59 6 12 E 30 15 52
14 864000 0 0 2 -999 0 3 120 156 4 17
15 950400 0 0 0 0 0 0 0 0 0 0
16 1036800 0 4 T 0 0 0 0 0 0 0
1 1123200 0 0 8 3 0.7 0 0 0 0 0 S
W 4 » W[ Positions . “Raindata | for Thiessen /%0 7 M4 m] |
TTF EOo@ 100% U@ |
— —_— =

Note that the first column of the excel sheet represents the time stamp of the rainfall data in
second. For example, at the row of 172800 sec, the daily rainfall [mm/d] between time 86400
and 172800 sec was stored. Then all the data was copied to a text editor and save it as ASCII.




The ASCII file is the input data of /etc/rainThiessen program that generates the spatially
distributed rainfall data. Note that the “gauge_map_lower_indus.txt” is also created after
running /etc/rainThiessen program, so that one can check the spatial representation of each

rain gauge (see the figure below after converting from the ASCII to Raster with ArcGIS).

@

(8]

gauge_map_lower_indus.txt = @

@

o0 95

(.J()

e 9
® @

@

@

@
@

o
L]
@

o @

@
(]
4]

|
Jindus/gauge_1d_2010.txt
24

rainThiessen.txt

|

|

: Jindus/rain_lower_indus_gauge_2010.dat
I ./indus/gauge_map_lower_indus.txt
:ncols 80

| nrows 120
: x11 66.0

1 vl 23.0

I cellsize 0.1 —{ in degree

The rainfall data must cover all the simulation domain. However, it is not necesssary to have
the same resolution or the same coverage area. For exmaple, 0.1 degree (approx. 10 km) may
be fine enough to distribute the ground gauged rainfall for this case. Thus above
rainThiessen.txt read by the rainThiessen program specifies the output resolution of 0.1

degree.
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ncols 960

nrows 1440

xllcorner 66

yllcorner 23

cellsize 0.00833333333333
NODATA _value -9999

356.0

Topography
66.0 0.0083333 degree 74.0

resolution

23.0

66.0

Rainfall

66.0 0.1 degree

resolution

23.0

No need to be the same extent or the same resolutions,

as far as rainfall data covers entire simulation domain

I RRI_Input_Format_Verl 4_1
|
|

RRI_Input.txt

I ./infile/lowerindus/rain/rain_lower_indus_gauge_2010.dat

: Jinfile/lowerindus/adem?2_lid1k.txt
1 Jinfile/lowerindus/acc_lid1k.txt
: Jinfile/lowerindus/adir_lid1k.txt

|

10 # utm(1) or latlon(0)

L1 # 4-direction (0), 8-direction(1)
1 2568 # lasth

1 600 # dt

1 60 # dt_riv

: 104 # outnum

1166.0d0 # xllcorner_rain

1123.0d0 # yllcorner_rain [¢

: 0.10.1 # cellsize_rain

|

L e e e e e e e e —————— ———

xllcorner_rain, yllcorner _rain
cellsize_rain (x, y) are specified

in RRI_Input.txt

23.0

8.3 On Input Evapotranspiration

Current version of RRI Model does not have a function to estimate evapotranspiration from
climate variables. However, by giving evapotranspiration rate as one of the input files, the

model takes the equivalent amount of water from surface and subsurface storages.
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The format of the evapotranspiration input is the same as rainfall. Hense the grid cell size
and time step of evapotranspiration file can be arbitrary set. For example, to set the constant
rate of evapotranspiration, one can prepare the following input file (e.g. evp_4mm.txt), in

which the value of 0.166667 mm/h corresponds to 4 mm/d of evapotranspiration.

1 0.166667 evp_4mm.txt
: 10000000 1 1
1 0.166667

To read the evapotranspiration input file, set flag 1 on the L71 and specify the input file name.
The coordinate of south west corner (xllcorner and yllcorner) as well as the cellsize (x and y

direction) must be also set in L73-1.75.

:- L71]1 ;

: L72 | ./infile/lowerindus/evp_4mm.txt RRI Input.txt :

1 L73 | 66.0d0 # xllcorner_evp xllcorner_evp, yllcorner_evp

I 1,74 | 23.0d0 #yllcorner_evp ~ <— o o

: L7751 1000.d0 1000.d0 # cellsize_rain cellsize_rain (x, y) are specified
—_——m e e e e e e e e e e e - = o in RRI_Input.txt

Note that if sufficient water exists on a slope grid cell, and if the grid cell store water in the
Green Ampt-Model, the model takes water from the cumulative water in GA model. If a user

wants to avoid the evapotranspiration from the GA model, use flag “2” instead of “1” on L71.

8.4 On River Channel Geometry Setting

RRI Model assumes the rectangle shape for all river cross sections. To determine river cross

sections (incl. width 17, depth D and levee height H.), the following two options are available.

h, n. ‘I H_

D hr

A
A 4
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A) Use empirical equations with parameters defined in RRI_Input.txt

B) Read the values from files and specify the files in RRI_Input.txt

: L.38| 100 # riv_thresh A !
1 .39 | 2.5d0 # width_param_c RRI_Input.txt :
: L.40] 0.4d0 # width_param_s :
1 L41| 0.1d0 # depth_param_c > Option A I
: L42| 0.4d0 # depth_param_s :
1 L43] 0.d0 # height_param I
: L44 | 20 # height_limit_param ) 1
! L5 :
: L46| 1 € 0:OptionA / 1:Option B (Read from files) I
I L47| ./infile/lowerindus/width_lid1k.txt :
I L48| ./infile/ lowerindus /depth_lid1k.txt Option B |
: L49| ./infile/ lowerindus /height_lid1k.txt :
1 L50 I
I a

A) For the first option, the parameters of the following empirical equations must be

appropriately set to represent target catchment condition (L38 — L44 of RRI_Input.txt).
width =c A™
— Sd
depth=c, A
where A4 in the equations is the upstream catchment area [km?] for each river grid-cell.

The unit of width and depth are [m]. The parameter “riv_thresh” defines the threshold of flow

accumulation (i.e. number of upstream cells) to distinguish river grid cells or slope grid cells.

Recall that for RRI model, slope exists even on a river grid cell.

File Plot Expressions Functions General Axes
Chart Styles 3D Help

Replot || Open | Save || ChDir || Print || PriS

-

lanue | ot >

lenup ot >

lenup ot >

lanue | ot >

lenup | ot >

lenup ot >

lanue | ot >

lenup ot >

lenup ot >

lanue | ot >

erile ot >

lenup ot >

lanup ot >

erie ot >

eruplot> set xlabel "A [km2]”
sruplot> set ylabel "W [m]”
erile ot >

| r

eruplot> p 2.5 % x xk 0.4 [
nuplot> _ -

== = |

Elegeaa|y?

120 T
100 |
TV %) AR

60

W m]

40

20

T
25%x™04 ——

o

4000 6000

Alkm2]

8000 10000

-1366.66, 117.121
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File Plot Expressions Functions General Axes Hegeaald ?
Chart Styles 3D Help

[ Replot || Open || Save || ChDir |[ Print | PrtS

znup ot >

arup ot >

anue ot >

are ot >

znup ot >

arup ot >

anue ot >

grup ot >

zrplot> et zrid

arup ot >

znuplot> set xranze [0:10000]
znuplot> set yrange [0:10]
zrup ot >

erup oty set xlabel "A [km2]”
eruelot> set vlabel "D [m]”
znup ot >

arup ot >

anup oty o 0.1 % x %k 0.4 | Afkm2
zrup ot -

| » 3664.91, -0.350066

T
01*x*™04

B) For the second option, a user can prepare three files separately to represent width, depth,

and height distributions. All those files must have the same number of row, column and
resolution as the topography data (i.e. adem, acc and adir). The format of these data is ArcGIS

ASCII format (i.e. the same as the topography data).

Note that the width file (e.g. ./infile/lowerindus/width_lid1k.txt) is used to decide whether
each grid-cell has river or not (width > 0 is treated as a river grid cell). The values of depths

and heights must be appropriately defined on a cell where the width > 0.
To support for creating the width, depth and height files, a Fortran program called
/etc/makeRiver2/ can be used. The program reads “acc” file to calculate the upstream

catchment area A [km?] for each grid cell and a user can define different equations or fixed

values within the program to create the three river cross section files.
There are two kinds of embankment settings in RRI simulation.
A) Embankment along rivers

B) Embankment on slope grid cells

A) The first type of embankment is illustrated in the figure of a river cross section. The effect
of embankment is considered during the interaction of water between river and slope. To
include the first type of embankment, the height value (height > 0) must be set on river grid

cells (width > 0). Because of the RRI Model basic structure, a river is set as a centerline of a
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slope grid, it is not possible to apply different embankment height for different side of the

river for this option.

B) The second type of embankment represents roads, railways or other structures that
prevent water to across. Since the embankment along the main Indus River is located a few
kilometers apart from the main channel (see above figure), this second type suits better. The
location information of the embankment was converted to raster data having the same
resolution with topographic data on ArcGIS. The above mentioned “height’ file specified in
RRI_Input.txt can contain the height information (and therefore the embankment location

information) on slope grid cells.

Note that even if a user intends to set a continuous embankment apart from a main river, if a

tributary joins into the river and if the “Aeigh?’ value is set on a river grid cell where width >
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0, the embankment would be regarded as the embankment of Type A. As a result, the set

embankment will be discontinuous at the location.

To avoid the situation and elevate DEM even on the tributary (or river grid cells), one can use
the flag of “2” on 1.46.

8.6 On Land Class Setting

The effects of land cover (or soil type) can be reflected by assigning different model
parameters. In this example, GLCC-V2 (Global Land Cover Characterization) provided by
USGS was used. The original land cover data (left) is too detail to assign all different
parameters; therefore, similar land cover types were merged into two categories: Cropland

and Sparsely Vegetated, and also overlaid additional Floodplain polygon.

— Cropland

[ Sparsely Vegetated

= Floodplain

For re-classing the original land cover data, ArcGIS function [Spatial Analyst Tools] =
[Reclass] = [Reclass by ASCII File] was used. The following lookup table was prepared by a
text editor to define the re-class. Different lookup tables may be defined for different projects.
Note that the number of the raster data (in this case 1, 2 and 3) corresponds to the column of
parameter sets in RRI_Input.txt. Thus provide sequential numbers starting from 1 for

representing different land covers.
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Finally the re-classed land cover was converted to the ArcGIS/ASCII format and saved it as
“lu_lid1k.txt”. Note that the file can be read by RRI Model by indicating the file link in
“RRI_Input.txt”.

Lookup Table Legend of GLCC-V2
(Indus Example)

USGS Land Use/Land Cover System Legend (Modified
Level 2)
Value Description

I I
I I
I I
I I
I I
I I
I I
I I
I I
AR 1 Urban and Built-Up Land :
| 2:1 Dryland Cropland and Pasture I
: 3:1 3 Irrigated Cropland and Pasture :
I 4:1 4 Mixed Dryland/Irrigated Cropland |
| 5:1 5 Cropland/Grassland Mosaic |
Ll 6:1 6 Cropland/Woodland Mosaic !
| 7:1 7 Grassland I
! 8:2 8 Shrubland !
1911 9 Mixed Shrubland/Grassland :
I 10:1 10 Savanna I
: 11:1 11 Deciduous Broadleaf Forest !
1201 12 Deciduous Needleleaf Forest :
I 13:1 13 Evergreen Broadleaf Forest I
Ll 1401 <:| 14 Evergreen Needleleaf Forest !
| 15:1 15 Mixed Forest I
I 16:1 16 Water Bodies !
: 17:1 17 Herbaceous Wetland :
I 18:1 18 Wooded Wetland I
: 19:2 19 Barren or Sparsely Vegetated !
| 2001 20 Herbaceous Tundra :
| 21:1 21 Wooded Tundra |
12201 22 Mixed Tundra :
I 23:1 23 Bare Ground Tundra I
1 24:1 24 Snow or Ice I
1l 99:1 99 Interrupted Areas !
I 100:1 100  Missing Data I
I I

8.7 On Parameter Setting

Model parameter values are defined in RRI_Input.txt. In this section, the general idea to
decide model parameters are described first, then a calibrated model parameter set for the

Indus River basin will be shown as an example.

For each land cover class, decide (A), (B) or (C) in the following figure depending on
infiltration and subsurface processes, so that the number of calibration parameters will be

limited.
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Surface / subsurface flow conditions

(A) Only overland flow

(no infiltration loss,

no subsurface flow)
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(B) Vertical infiltration
+ Infiltration excess

overland flow
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— VT ——,
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Infiltration : Green Ampt Model

>

(C) Saturated subsurface

+ Saturation excess

overland flow

Example of parameter values (their recommended ranges)

Parameters Notation A) (B) (©)
n (River) (m1/3g) ns_river 0.03d0 (0.015 ~ 0.04)
n (Land) (m13g) ns_slope 0.3d0 (0.15~ 1.0)
Soil depth (m) soildepth 1.0 d0 (0.5 ~ 2.0)
Porosity (-) gammaa 0.471d0 (0.3 ~ 0.5)
kv (m/s) kv 0.d0 5.56d-7 0.d0
Sr Sf inactive 0.273d0 inactive
ka (m/s) ka 0.d0 0.d0 0.1d0 (0.01-0.3)
Unsat. porosity (-) gammam Inactive 0.d0
p beta inactive Inactive inactive

Note: 0.d0 is used in RRI_Input.txt to represent double precision of 0.0.

For case (A), where only overland flow without infiltration or subsurface flow process are

considered, set both kv and ka equal to 0.

For case (B), where vertical infiltration + infiltration excess overland flow are considered, set

ka = 0, and the parameter “da” is equal to “soil depth” times “porosity”.

For case (c), where saturated subsurface + saturation excess overland flow are considered, set

kv = 0, and the infiltration limit (defined as a parameter in the previous versions of the RRI

model) equals to “soil depth” times “porosity”.

Note that the parameter values in the above table are just one example values (approximate

ranges).
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Note that even though the values in inactive part do not affect the simulation result, a double

precision value like 0.0d0 must be filled in RRI_Input.txt (see the sample below).
* Set “ksg = 0.d0” to avoid groundwater computation, whose algorithm is under development
and not completed at RRI ver1.4.2.

** If both ka and kv are set to be non-zero, RRI will stop with an error message.

The following figure shows an example of parameter settings

: L.18] 0.03d0 # ns_river RRI_Input.txt :
I L19] 3 # num_of landuse I
11,20 111 # diffusion(1) or kinematic(0) I
: L21]| 0.15d0 0.15d0 0.15d0 # ns_slope :
1 L22| 1.0d0 1.0d0 1.0d0 # soildepth I
: L23| 0.4d0 0.4d0 0.4d0 # gammaa :
; L24 |
I 1.25| 5.556d-7 6.056d-7 0.d0 # kv I
: L26| 0.273d0 0.1101d0 0.d0 # Sf :
1 127 I
: L28| 0.1d0 0.1d0 0.1d0 # ka :
1 L29| 0.0d0 0.0d0 0.0d0 # gammam I
: L29| 8.0d0 8.0d0 8.0d0 # beta :
; L31 "
I L32| 0.d0 0.d0 0.d0 # ksg I
: L33 [ L36 are inactive under ksg = 0.d0 :
e e e e e e e e e e e e e e e e e e e e o e o e e e e o e o e Em = o 4

Reference Table : Green-Ampt Infiltration Parameters for different soil texture

Soil texture class kv (m/s) ¢ [gammaal St (m)
Sand 6.54E-05 0.437 0.0495
Loamy sand 1.66E-05 0.437 0.0613
Sandy loam 6.06E-06 0.453 0.1101
Loam 3.67E-06 0.463 0.0889
Silt loam 1.89E-06 0.501 0.1668
Sandy clay loam 8.33E-07 0.398 0.2185
Clay loam 5.56E-07 0.464 0.2088
Silty clay loam 5.56E-07 0.471 0.273
Sandy clay 3.33E-07 0.43 0.239
Silty clay 2.78E-07 0.479 0.2922
Clay 1.67E-07 0.475 0.3163
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From Rawls, W.J. et al.., 1992. Infiltration and soil water movement. In: Handbook of hydrology. New York:

McGrow-Hill Inc., 5.1-5.51. (Units are conveted for RRI Model)

8.8 On Boundary Condition

The following river boundary conditions were set based on the observed discharges at the

three locations during the 2010 flood.

Tarbela
20000
Observed —=—

. 15000 |

mn‘f‘.

£

& 10000 -

L]

£

a

S 5000

July20 Augl Aug10 Aug20 Sep1 Sep10 Sept20
Time (Date)
Panjnad
20000 [ : ,
Observed —=—

. 15000 |

mn‘f‘.

£

& 10000 |

m

N =y

a

© 5000 ]

0 : s s
July20  Aug1 Aug10 Aug20 Sepl Sep10 Sept20
Time (Date)

Discharge m>/s)

Kabul
20000 p

Observed —=—

15000 |

10000 |

5000 |

ol ; L L N
July20  Aug1 Aug10 Aug20 Sepl Sep10 Sept20
Time (Date)

The steps to set river discharge boundary conditions are described below.

@D Find locations to provide the boundary conditions.

Viewing acc values on ArcGIS can help you to identify appropriate position with lat lon

information along a river channel. Use i (identify) icon to find out the coordinate.

Then use the “/etc/coordinate.xls” to convert from the lat lon coordinate to loc_i and loc_j. See

Section 7.3 on the conversion in detail.
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The number of boundary condition setting points

The loc_i and loc_j of all points to give

: o

boundary conditions

, loc_1 110 119 680

y loc_j 803 719 602

10 3936.041733 3007.249151 917.4658428
: 21600 3936.041733 3007.249151 917.4658428
1 43200 3936.041733 3007.249151 917.4658428
: 64800 3879.408039 3044.061053 917.4658428
| 86400 4813.86399 3015.744206 917.4658428
: 108000 4700.596602 2944.952088 917.4658428
1 129600 4842.180837 2899.645133 917.4658428
: 151200 4672.279755 2922.29861 1093.030294

Time series of the boundary condition

data (units: [m3/s] for river discharge,

and [m] for water depth)

@ Settings in RRI_Input.txt
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After preparing the boundary conditon file (e.g. disc_lid1k_2010.txt) and move the file in the
appropriate folder (e.g ./infile/lowerindus/), edit the RRI_Input.txt file as follows.

L511 0000 RRI_Input.txt
L52| ./infile/lowerindus/hs_init_dummy.out

L53| ./infile/lowerindus/hr_init_lid1k.txt
L54| ./infile/lowerindus/hg_init_sample.out

L55| ./infile/lowerindus/gampt_ff init_dummy.out
L56
L57( 00

L58| ./infile/wlev_bound_dummy.txt
L59| ./infile/hr_bound_dummy.txt

[-—————————=——————————

L60 Write the file name of river discharge boundary
L61| o(1) .
L62 | ./infile/gs bound dummy.txt y :
L63| ./infile/lowerindus/bounds/bound _lid 2010.txt I
L64 ‘l

Another option is to use two-dimension format for setting boundary conditons. In that case,
prepare the following “setBound.txt” first as the input file to “/RRI/etc/setBound” program,
which creates the input boundary conditon file (e.g. ./disc_lid1k_2010.txt) on two dimensional

basis. The two-dimensional boundary condition files can be read with flag 2 on L61.

..I...Model/infile/lowerindus/adem_lid1k.txt
..[../Model/infile/lowerindus/acc_lid1k.txt
..I...Model/infile/lowerindus/adir_lid1k.txt
Jinfile/lowerindus/disc_Constant.txt
..I...Model/infile/lowerindus/disc_lid1k Constant.txt
3

119 719

110 803

680 602

setBound.txt

In the above example of “setBound.txt”, L1 to L3 are the paths to the topography files (dem,
acc and dir). L4 is the 1D discharge file (input) prepared above and the L5 is the output of the
setBound program. L6 indicates the number of points to give the boundary conditions,

followed by the positions in loc_i and loc_j.
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The created boundary condition files have the same format as the rainfall file. However,
unlike rainfall files, the number of columns and rows must be exactly the same as the

topography data, so that RRI Model knows where to give the boundary.

Note that discharge boundary conditions including along river and on slope must have the
information of the directions. In other words, they should be vector values rather than the
scalar values. To decide the direction of the discharge boundary conditions, RRI Model refers

to the flow direction in “dir” file.

Water level boundary conditions on slope and/or river can be also set by changing the value on
L57 to 1 and specitying the boundary condition file name. The file format is the same as the

river discharge boundary condion.

8.9 On Initial Condition

RRI Model can take initial conditions for water depths on slope and river as well as the
cumulative water depth in the Green-Ampt model. The format of the files is the same as the
output of those variables, so that one can use the output of the RRI as the input for the next

simulation.

This feature enables the continuous long-term simulation. In order to read the initial
conditions, L.49 to LL52 in the RRI_Input.txt must be edited in a same manner as the example

of the boundary condition setting.

8.10 Diversion option (for advanced users)

RRI model can simulate the effect of diversion in a simple way. The portion of the diversion
from a main channel to a diversion channel must be pre-defined by a model user and

described in RRI_Div.f90 program. The followings are the basic steps to activate the option.

(D Edit input river cross section files (i.e. width, depth, height) and flow direction files to add

necessary diversion channels (e.g green arrow for the below figure).

@ Check a origin cell (loc_i_org, loc_j_org) and a destination cell (loc_i_dest, loc_j_dest).
Both the origin and destination cells must be specified on river grid-cells. Typically these

two are adjacent, but not necessary (i.e. diverted water can jump into an apart cell).
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i=1 Q/ Diversion origin cell (loc_i = 1, loc_j = 2)

i=2 ‘ //_\ Added diversion channel

(Diversion destination (loc_i =2, loc_j = 3)

i=3 dir = 2, width > 0, depth > 0, height >0
. 64
dir 32 198
1=4
16 1
1=5
8 2
4

@ Prepare a file to specify the origin and destination cells based on the following format.

One can list up multiple lines if more than one diversion should be considered.

“div_rate” specifies the ratio of discharge diverted from the main river to the diversion..

div_sample.txt

loc_i_org loc_j_org loc_i_dest loc_j_dest div_rate

@ Activate this option by setting flag 1 on L70 and specify the diversion file name (e.g.

div_sample.txt) on L71 in RRI_Input.txt.

8.11 Dam option (for advanced users)

RRI model can simulate the effect of dam reservoirs in a simple way. The dam model has two

parameters: outflow discharge and maximum storage volume. The model takes storage

volume as a state variable, which continues being updated based on simulated inflow and

outflow. The outflow is maintained at a certain discharge rate that is lower than the inflow

rate until the storage volume reaches the dam’s maximum storage level. After the storage

volume exceeds the maximum level, the model is designed to release the water at the same

rate as the inflow rate. The parameters must be determined based on dam operation records.

The followings are the basic steps to activate the dam model.

@O Prepare a dam parmmeter file by the following format.
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12 1
1 Sirikit 135 166 3510000000 500 |
1

dam names, loc_i_dam, loc_j_dam, storage volume [m3], constant discharge [m3/s]

L e e e e e e e e e e e e e e e e e (M M e M M (M M M 2 e 1
@ Activate the dam model by setting flag 1 on L65 and specify the dam file name on L66 in

RRI_Input.txt.

8.12 Arbitrary cross sections (for advanced users)

In addition to the rectangular river cross sections, the RRI Model can incorporate also
arbitrary cross section directly. The followings explain the procedure to reflect cross section

information to the model.

D Use “section.f90” program in the “etc” folder to prepare cross section files (e.g.
sec_000001.txt) based on cross section coordinate information files (e.g. CS99C2.txt).

(2 Prepare a map file (e.g. sec_map.txt) to define which river grid cells should reflect which cross
section files (e.g. sec_000001.txt).

(3 Change RRI_Input.txt setting to read sec_map.txt and the cross section files.

@ (Optional) prepare and read river length file from the RRI_Input.txt

The followings explain the detailed step to reflect the cross section information.

(D The following steps use “RRI-CUI/etc/section/section.f90” program. Suppose cross section

coordinate information files are available in the following format.

3.000000 25.35900

CS99C2.txt
5.000000 25.27600
8.000000 23.83900

|
|
|
6.000000 24.65500 :
|
|
|

(First column: x, second column: z)
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Prepare “section.txt” file accordingly to be inputted to “section.f90” program.

CS99C2.txt
sec_000001.txt

section.tx

0.03 ! Manning’s roughness in river
100 !div
25. ! datum level

1 ! startx

where the first two lines are input and output file names and the third line sets the
Mannings’s roughness in the river. The fourth line defines “div”, which determines the
number of divisions in depth directions, with 100 divisions in the above example. The fifth
line is a datum level (m), which is the elevation of floodplain level identified from the cross
section information (e.g. CS99C2.txt) as shown in the figure below. The RRI Model sets the

defined cross section in a way that this datum level will be equal to the DEM elevation at each

grid-cell.
5) Z £) o
3 €}
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For example, suppose the DEM of a grid-cell to set a river cross section is 24 m, while the
estimated flood plain level read by the cross section file (i.e. elevation of @ in the above

figure) is 25 m. In this case, a user has the following two options.

a) Regardless the elevation information contained in the cross section data, prioritize
the elevation of DEM 24 m and the floodplain level in the cross section will be at 24
m. For this option, please set the above “datum level” as 25 m. This means that the
25 m in the cross section will be regarded as the datum and this level will be the
same as the DEM.

b) If both absolute elevation information contained in the DEM and cross section files
are reliable and they are generally consistent each other, the user may set “datum
level” as 24 m to use the elevation information contained in the cross section file
directly. This means that the level of 24 m in the cross section will be equal to the
level in DEM.

For L6 (startx) and L7 (endx) in the “section.txt”, please set minimum and maximum x

coordinates, which should be within a river grid-cell, as shown in the above figure (O and @.

Based on the above setting, “section.f90” will automatically proceed the following steps.
STEP 1: The program measures depth (d) and levee height (h). The depth (d) is the elevation
difference between the deepest position in the cross section and the level of @. The height (h)
is the smaller elevation either Mor @measured from @)

STEP 2: It divides a cross section into the number of “div”’ (.e. 100 in this case) from the
deepest point to the datum level.

STEP 3: It outputs perimeters, widths and the Manning’s roughness parameters

corresponding to each depth.

An example of output files by section.f90 (e.g. sec_000001.txt)
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div d h sec_000001.txt

|
| 1
! :
|
| 100 10.98000 0.00000 1
: 0.11339 23.78646 23.77967 0.03000 :
I 0.22678 27.57293 27.565933 0.03000 1
1 0.34017 31.35939 31.33900 0.03000 :
: 0.45356 35.14586 35.11867 0.03000 1
|
|
|
: 11.11222 298.35455 295.76846 0.03000 |
I 11.22561 298.56949 295.95105 0.03000 1
: 11.33900 300.62881 298.00000 0.03000 :
1
: depth perimeter width roughness I

section.f90 reads the Manning’s roughness as a single parameter and set the constant
value in the output file. However as shown in the above figure, the file can set different
composite Manning’s roughness values depending on water depths. One may change the

roughness values if necessary.

@ Prepare a section map file (e.g. sec_map.txt”) to define the position of grid-cells to set

3

cross section files. The “sec_map.txt” should have the same format (and size) as the
dem.txt and contains numbers (greater than 1) at grid cells, whose numbers
corresponding to cross section files. For example, if “sec_map.txt” indicates “5” at a
particular grid cell, the RRI Model will find “sec_000005.txt” and reads and assigns the

cross section information.

@ By setting 1 in L83 of RRI_Input.txt, the model will read “./riv/sec_map.txt” and

corresponding river cross section files (e.g. sec_****** txt),

@ If necessary, a user may set river length at each grid-cell defined by “length.txt”, whose
format and the matrix size must be the same as “dem.txt”. In that case, set 1 in the L80
and reads “./riv/length.txt” from the RRI_Input.txt. This can be activated when rivers are

meandering or one would like to reflect distant information contained in cross sections.

(Reference) The method of RRI calculation depending on the datum level ®.
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In case of left panel in the upper figure, the model will start exchange water between the river
and slope cells once the river water exceeds the level of 3. As a result, the modeled river

sections become smaller than the actual one indicated by the figure.

In case of right panel in the upper figure, the model does not exchange water between the
river and slope cells unless the river water exceeds the level of @). As a result, the modeled

river sections become larger than the actual one indicated by the figure.
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9. Use of RRI Graphical User Interface (GUI

This section explains how to use RRI-GUI to apply the model at a basin and visualize the

simulation results.

9.1 Pre-setting

1) Unzip “RRI_1_4_2.zip” and save it under a working folder (e.g. C:/).
3) Check your PC is 32 or 64 bit. (My Computer = Property)

B« §ATOIL FO—iLJRLEE » 2ATA 4 [ 2> o ons ol

I7UF) EBEE) F|RV) YT ~LTH)

Windows 7 DFF LWIF A 23 2SIl OEE -
2 bO—)L J Il TR—L

& FIAR TR —
& UE-hORE AT i
B saTsoRE Ediig Ea*f~/\ndo'.'v's THANUIVA A m
- FuwLR
B AT LOHERE by R Core(r1)
Otzwhn Intel(R) Core(TM) i7-4600U CPU @ -
2.10GHz 2.70 GHz Panasonic
EEATU (RAM): 16.0 GB (15.9 GB BAAIEE)
LAFLOES: Bty R 3
RbkHyF TOFAZATLATIR ~Ahssy |
FAhFFETEZEA
B I
avPa—5—F, FAAVELUT—50—TORE

PLZ 3 - ) !
Windows Update avEa-9-&: Sayama-CFLX3 [ Erray
JiIA =T ADEREY— i OvEa—&—F: Sayama-CFLX3
e B 15 —OHH:
J—AHHL—T: WORKGROUP

4) Install two programs saved in “RRI-GUI/Pre-setting”
@O w_fcompxe_redist_intel64.msi
@ vcredist_x64.exe

(for 32 bit, install veredist_x86.exe and w_fcompxe_redist_ia32.msi )

For “veredist_x64.exe”, you may encounter an error message suggesting you have already
the newer version of “Microsoft Visual C++ 2010 Redistributable”. In that case, you can just

close the error message and cancel to install “vcredist_x64.exe”.

5) Execute RRI_BUILDER_64.exe
(for 32 bit machine, execute RRI_BUILDER_32.exe)
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9.2 Model application and running with RRI_BUILDER
9.2.1 Preparing Input Topography Data

The first screen of the “RRI_BUILDER_64.exe” is to choose “New Project” or “Load Project”.

New project

Select “New Project” in this exercise.

Type in a new project name (e.g. “s0lo30s”) with the selections of “Use HydroSHEDS” and
“Asia30”, then click “OK”.

Create New Project
| | rPlroject name 37
Froject Mame z0ladls ——

+ Use HydroSHEDS |Aiziadld -]
" Usze other DEM

Cancel |
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B R G [Version a1S0Z 021 T ek

BAER | paTa | TOT |

Frofciname Blews RS Propet

—
o

=t
|

realt L

Calbge 3 (120" }

ety Opersih [ GPU= el Caglelabe { sl 1 ver 200 = Duik 614 10530 = Max Fes 4088 ]

Zoom into Java Island in Indonesia

[8 "Ri_BUILDER [version v3.10121 |

EEEEN oata | Eom |

Prajectname eokile

.

| A | __4 L
-

M| ow

ok nrows

Colleam 507 ( = 17120 degres)

Move and zoom

Move: Ctrl + mouse left drag
Zoom: Ctrl + mouse scroll
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[ RRI_BUILOER [verson v3.1012] ae SRl B E — SIS

pata | Eom |
[ Corflem
[ | ] €
e |
rr
| s
[ [ [Erinearesient]
ok Feows confirm
Celisie 907 (= 1/120 dsgrea) - |
£ 15 this cutlet ? |
Langitude 112:37°32° o
Latitude(south) 7: 3'11°
Ace 18582 l
o wawnd | !
. Q“L\ZEN]
(o ]

»= 100000 . -
»= 10000 "1
s=1000 I - .
= |

xid = 5675 yid = 593 Ingw 112.625764, lat=-7.053309

After zoom into the outlet area of the Solo River basin, click a pixel along the main river near
the river mouth (not necessary to be exactly the same as the above example).

Then choose “Yes” on the window and “Confirm” on the left panel.

I8 RRI_BUILDER [version v3.1012 ]
N vara | e |

Projectname. okl

| Evtract Batin

| Hr
I ™ 1

[ [ [
[ [ [T | b [T [ [37
= [ ¥ Fm]

neals m oo 166

Celwzn 307 (= 1120 desres)

Click “Extract Basin” after you confirm the area of the basin.

(If not satisfactory, click “Reset Basin” and retry it.)
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If the background map is available, the following extracted basin will be displayed.

(Even the background image is not shown for some reasons, it is essentially no problem for

the following simulation).

[l FRI_BUTLDER {version v3.1012 |

S oame | ofom |

Fimptrame okl

ncols i nrows 1]
Celsge 37 (= 1/120 degree)

»= 100000 =
>= 10000
= 1000

>=20
=0 CB - A
_l‘ﬁ!

(Optional)

The step of “Scale up DEM” is an optional. Use this option in case you want to scale up the

DEM for example changing the model resolution from 30 second to 60 seconds.

The next step is to execute “AdjustDEM”. This procedure is always necessary for the stable

EIEEE .

priginal files cellz [ 271, 166]
DEM file I C:/RRIRRI-GUL Project/zolod s topo./dem txt

simulation.

AGG file | G/ RRIYRRI-GUL/ Project fzalo30s/topos ace txt

DIR file | C:/RRLYRRI-GUL/ Project /zolo30stopo,/dir txt

Qutput file:
 Owerwrite

' Save as

DEM file Stopofadem txt

ACG file File Mame
DIR file Jtopo.fadir tet

l oK I Cancel |

Choose OK with the default setting. (you will see a command screen running AdjustDEM

program).
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Now select “DATA” Tab on the left top and click “Set river”.

(I8 Fre_eumioer. [vervon w3012

LE O | B 3
—T— |

Rives Theeshold [ 20 Orow | ) L e

Merge lerd-use

i ][] ; - .

(o oW ]
S(0-0] R{0-0] dam dw 0

] |

< Fam - I."'I
Suttime [ A [im A 0
Edtime [ ] AT [ it Gy e - :
Use grourd gsuged rainfall I i
Time differsrce UTG (+/~ W) [T5 . (

Lo GSMAP [ Hourly ] |

Use G5MaP [ Duiby ] |

Use SERRT 1]} x ‘ i~ | i .
< Evaporation » v'e! S : g

Use evaporation data | PP . P2
»= 100000 ¥,

River parameter

— River width

—River depth

B cd |

— Bank height

r h

Save File g

Save File Name @ C:/RRI/RRI-GUL/Project/solo30s/riv/width.bxt
Yes/MNo ?

l HL(Y) ' WLAE(N) ol

Click all the three “Make File” on River parameter setting.
These values are the parameters to determine the cross sections based on the equations.

For this exercise, use default values.
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[ River parameter

— River width

. Cw | B Sw [ 035 - Make File |

| od [ 095 s [ 02 > Mske File |

— Bank height

. h i fce > a0 = Make File

< Fan ¥
swtime [ T [im
End time T T T [ i
e ground gauged ranial
Time difference UTG o= k) [0
Use GSMaP [ Hourly ] |
e GEMaP [ Dy | |

Use BBA2RT |

< Evapration
Usz svapoeation dats |

@D Set “Start time” and “End time” under <Rain>

Start : 2007/12/24 0:00. End : 2008/1/8 0:00

\ § N I
| ks P ; -/ W
1" | make rain data from ground gauged rainfall H
| &l cbssanazii= 2/
et fike ) L - - -
1. BT Z- 1 8
T [ FEaxvh + gm mwEm >
| - h‘g!w | rain_Mawlsmying 2013.cov 2005/05/07 14:2
[T e [E Colli 1/ [ THD ¢ |- R [ rain_Sole,_2007.cov 2015/10/25 8:54
. i I o Ta=Tua A L
[ 'I‘ & LT [
o I = — > = T 5
=5 N . aua -5
=M &, windows (C:)
-0 : Al Lt e — ;
0 « == : 1 e [ :
® Cth Use 140) d ga"gpd rainfall - 71| rain_seio_z007.c5v - [iptogdsm (fev) -
5 —§ . ” M<(o) l"] WJ

@ Click “Select” to find a input rainfall file
(In this excercise, “RRI-GUI/Obsdata/rain_Solo_2007.csv”)
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An input rainfall file must be the following format saved as csv. The file can be prepared by a

text editor or Excel (saved as csv).

H - s rain_Solo_2007.csv - Excel 7T B - O X

m-h  BA O AILIN B T8 OBE &R PRy Takahiro Sayama -

. _ o ppy .
fév MS PIvl u KA FEo ®- BroElteimsnis  BE - Q Q e Ex s Z. '%Y Ty
BOMM ¢ BT U- B D-A- f- === &5 Bosearviemt - T-% 0 88 ZERTALT o B BE B0 i gR
PRTR-F & Tzt & BE ) HE ] 2540 il RBE A~
Al - Jr | 125 v
A B c D E F G H 1 ] K L M N o] P -
1 125)
2 it -71945 -712661 -7.08353 -722057 72495 9999 723782 -7.24462 718858 -7.18815 725191 -8898 -717517 -7.18885 -725725
3 |lon 111854 1121116 1115484 1111092 1118431 -9999 1115095 1118725 1120301 1119285 1114876  -9988 1120516 112086 1119287 1
4 | 2007412/24 000 o 0 0 0 o o 0 0 o o 0 0 o o 0
5 | 2007/12/25 0:00 15 5 14 0 2 2 g 0 0 0 ] 2 3 E] 1
6 | 2007/12/26 0:00 46 10 52 42 B85 &1 30 65 68 59 70 48 4 10 &1
7 | 2007/12/27 0:00 0 0 ] 0 0 0 ] 0 0 0 16 ] 0 0 0
8 | 2007/12/28 0:00 14 5 15 0 5 E! 0 3 ol ol 11 5 ol 11 5
9 | 2007/12/29 0:00 0 3 3 3 7 0 0 7 E] 0 0 0 0 0 El
10 | 2007412/30 000 E] 0 0 0 ol ol 0 0 ol ol 0 2 ol ol 0
11| 2007/12/31 0:00 16 2 9 0 ] 2 0 4 0 15 0 1 5 0 2
12 2008/1/1 0:00 0 0 0 0 0 0 0 0 0 0 0 0 85 0 0
13 2008/1/2 0:00 4 7 B 0 o o 0 0 4 a 0 3 o 2 0
14 2008/1/3 0:00 [ 0 7 0 0 0 3 0 0 0 ] ] [ 0 4
15 2008/1/4 0:00 E! 0 25 15 20 22 0 25 2 20 0 5 3 10 16
16 2008/1/5 200 E] 13 ] 2 15 0 20 0 0 0 ] 7 0 0 0
17 2008/1 /6 0:00 ol 0 0 0 ol ol 0 0 ol ol 0 0 34 ol El
18 2008/1/7 0:00 42 0 2 0 0 0 10 0 0 0 0 0 2 0 0
19 2008/1 /8 0:00 E! El 37 3 5 22 0 i 12 30 0 40 75 0 31
20
21
22
rain_Solo_2007 4 >

i M - ————+ 10%

Please note that the format is slightly different from the one used by the Thiessen Polygon

program explained for RRI-CUI (Command User Interface). The first column of the fille (I.4-)

is date and time. Currently the date and time must be in the form of “yyyy/mm/dd h:mm”.

" .
Make rain data from ground gauged

rainfall i

C:/RRIYRRI-GU/Ohsdata/rain_Solo_2007 cev

Tnput file (eav)

Output Rain file =» frainfraindat

Output Map file -»  rain/rain_Map dat

|g| Qutput rain_file_name is ./rain/rain.dat... OK?
k. v

L ¢ wll ||m-m f— | M Cellsize 1f| [
vl I‘s-]B nrows I 168

I U(Y) | t,mi(le | oo ) cance |

ﬁ

After selecting the input csv file, please choose “Yes” on the confirmation window then click

“OK” with the default setting of the creating rainfall distribution file.
"Ready S

.

j Make rain data...done |
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Select “Edit” tab after the topographic and rainfall data is ready.
You can confirm different distributions including DEM, ACC, DIR, River Width, River Depth,

Bank height as well as cumulative Rain.

OASN | OATA - - - -_v."._“_ o - i
i i o

Terest Data | g

[ - 1 e o

o | : 4
Teamgarerey 08 f— WOV ; -
W Fill colr
¥ Diply back. imace
Teamgareney O fome  T00%
W Disglay mrtent -
¥ Ooplay cell
Sipecel I = H ~ W
e B o B o
Location [l Cen [ Dieszin [
[ Display s0am Bution
¥ Diplay ground cozerverories [
¥ Duplay lgorsd

Granee liack Inse ]
|

—l‘"‘“ |

F¥ Dicalay matent -
¥ Display cell

Gkoocell [ b I~ N
fecell ]l == B -
Locaten [l O=n [N Oversion [

7 Diplay soim butlen
W Diphy g cbrrvatieies [
7 Dty Jeid

[ coan o Tmn

41 ARLINPUT THT

T

These distribution files except for the cumulative rainfall, can be edited on the window. For
example you can choose river width and select any area inside the basin to display the

following image. (For this exercise, no need to change the values.)

9-9



[ RU_BUTLDER [version 31012 ] . ol %

east _Loats  EEIN [ Brondong e

|I| = Tuban >
T o Click on any location in the basir, a
1 n e o § REams O
Lk ewlnic L1} b . x =
[J L] L

Pl cakr i H |
W Dipley back insge oy T I. =

Tranaparaccy B8 |— 11
P Diaplay extent -
W Display cail

siecell 0 b« B »
Rwcall ll = Bl + W 'n
tecation i Cam I Cversien " el

W Desnby poam Eutien i L ! i
¥ Displyy ground cheervotories [ . L] ygun |
5 by el 1.8 1321 oA |
19.66 || 70.01 | 143,18 g0 |
: FI LA n Ha /
20,54 || 192,63 || 29.26 Haams Aal
Et ARLDEUTTHT | 14 a1 | 14867 79.00 | = - / |
142.40 2B.E8 { = |
i 142,31 || 142,37 26.65 |
fan 1 ﬂ il G 7.4 ' |
EAE
7,04 | |
et | patien | S| sewte | ot | 8 |
| afiae i.u _= : L \
| Hﬂn i e @1 Cancel I
g iy I /,- -

=~

In addition, you find parameter and other input file settings if you click “Edit
RRI_INPUT.TXT”. The editting the values will be reflected to the RRI_Input.txt file, which

is the control file of the RRI model. (For this exercise, no need to change the values.)

B sRi_BUILDER [version v3a012] -

sasm | oava I

Targot Data
Tirver width (m) |
: | Eangma |
Tarcponcy I8 f—— 1008
2 il coler RELvpu C/RRURRI-GUV Project/sok¥a/RFLIput £
i col b
7 Display back inace Projsct name. [30k30s
[Samulation] [harchuse]
Tespurercy | f——— 08 1| k1) o lationtt) [T Usseete [T =1 71
W Display pxtert - ! 40 o 1) direction [ 1 Dt} e Kmemit) [ 1
¥ Display cell e a0 rs.skon (m1/3s) [ 400041
Secol 77 0= W ~ N e L] sl depth (m) [ 70030
frecsl [l - N - mas gammas TR
tocation [l Com [ Civersin [N | kav (m/g) (117
# o (m) T
Fraboly sm | ; ko tm/s} [T}
¥ Display ground cbaervatorins [ | R collsge {7 3 %=1/ it [TTIT
¥ Display lowend PFain callsze {3 =1/ e Ta00a5
T — e s [T
1 g river (m=1/38) [ a000s-2 o 0001
i A ok

1 thessh L] pe 30007

| X widhporame | bUDE rgl (mis) Sa00d-1
Furs RFAT | Il el a5 . [immperation]

th
:: j"':'"“ - et K o gy 0
“m‘”""‘ Goll Soe s 1/ [ 1200
o :
it el Saze Y= 1S (1]

Finally, click “Run RRI” and “OK” to start the simulation.

9-10



| [ #me_pusoER [version v3.1012]

rasn | oara  [EEEEN

Sremcorg oo

Tuban

Tareed Daly

& Fill coke
% Digtay back image

Transparency 8 |

|
M el = B - M

Leearon, [l Cam I Owersien |

9.2.4 Additional functions of RRI_BUILDER

The latest version of “RRI_BUILDER.exe” has a function to use global dataset for landuse
and soil distribution to assign different sets of model parameters. To read the maps for the

target river basin, one can click “Extract Land cover and Soil” under BASIN tab.
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e
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[RIARLBIMDER [umnn w645 Reisse 2056/ 4 | I —— — -
i
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Lodq 4!
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@ Click “EDIT RRI_Input.txt” to set different values for each

combination of the landuse and soil distribution.

Under “EDIT RRI_Input.txt”, click “Set Parameters”, so that different parameters are

assigned (e.g. 1, 2, 3, ... 8), which can be confirmed by selecting “Parameter”.
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(e T — )
Edit RR.[_Inputfxt - ?

T - | ow |

RRLInput txt |sayama/Down loads/RRI1.4 2 2/RRI_1 4 2 3/RRI-GUL/Project Ssolo30s/RF

Project name Ignlnﬂ 0z

[Simulation]
utm(1) ar latlon{0) 0 Parameter ~| s8 [ T2260]
0 4(0) or B(1) direction | 1 or Kinem(®) [T

L= 1/32) an0d-1

parameter sets

~——
Vigain [ 100 ko tmrs) 73300-3
f Rain cellzize " 3} ¥=1/ 120 Eammam 6.200d-2
Rain cellsize ¢ ) ¥=1/ 120 beta 4.000d0
e re] Pz k) 100040
WEr NiE,
N £000d-1
riz river (m-1/3z) 2000d-2 RS
| el (m/s) E00d-4
(| [riv_thresh] foe T0004-2
g 20
ritresh ] 20 el (msz) B 000d-1
width paramc | 50020
width param.s | 35081 | T3t Pl B )
depthparamc | 350 /épwmn] ‘
o |

epth
' vl ©® Click “Set Parameters”*\r

Save RRLIhputtxt Gancel I

(@ Then “Save RRI_Input.txt” ’

Finally Save “RRI_Input.txt” to update the RRI_Input.txt file.

Note that now new map called “Parameter” is created under Current Data of Edit tab. The
map shows the distributions of ID numbers, corresponding to the above parameter set
created by the combination of landuse and soil distribution. For example, the area with the

gray color in the following map (.e. ID = 1) will be assigned with parameter set 1.

[ RR_BUILDER [versicn w645 Relosse 2016/ 4]
sasee | oare -

[l cosrom o <11])

Location fui.d G H G
Heaht | I o T
b | £ gEE P |

Carrent dats =
s |
ol e et |

 Fill salor 7 Display leeand

¥ Dackimsge | Chags fisck imie |
Bk Trancpararcy o f——— 100
 Diplay mtent -

F Drglar coll

Sepecell [ = I +~ [
el B - I
Location [l Do [ Diveesin [
¥ Display 200m buttons

[l alexle -
Edd RRLINEUT THT |
Fur R I

P T R R

i nm

i B

g 1 74
Whpdata ()05 erStrantiap cantributee
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9.3 Visualizing results with RRI_VIEWER

Execute “RRI_VIEWER_64.exe” (or _32.exe for a 32 bit machine).

Ll

Project Folder BE)

-

read RRIInputtxt ||

Cancel |

Read RRI_Input.txt file prepared in the previous subsection. In this exercise, find
RRI-GUI/Project/solo30s

K3\ Js=| <« Windows (C:) » RRI » RRI-GUI » Project » solo30s » - 501030508 ,O

HE  FHLLITALY— =~ B3 @

ExEE B2 H1X

[E BFaxzph
= l’—jf*“’ b 2015/10/28 17:20  I7IL TA L.
B e 2015/10/28 17:29  FFAIL Tl

acians ac = L=

o 1Ty

Please do not double click the
RRI_Input.txt due to a small bag

in the current viewer. To open
i Do B b = :

S— O the file, please click the “open”

o LT

button after selecting the file.
€ ry hO—5

- 4

D7 AILEN): - [RRLInput (*.6ct) |

@ |8 ][ e

On the displayed map image, one can use CTRL and left drag to move the map and also
CTRL and mouse scroll to zoom in and out.
RRI_BUILDER_64.exe

This operation is the same as
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[l ARE_VIEWER V3.0

[— s
= | i

[l [ gamatt
s
- udhmaui

mm@uma
| =
|

Sat River Path 3

# Mech Profile == Shift*Left Draw
AnimSpeed L — |— M

Change Back Image.

F [ Onploy Do Time
7 [ Display Legend

W Display Mesh Frame

7 Displey BackGround nses

Dertail Cption (Double Chekd
=01
=005 -
(m)
(.
Succesded HUM

To display the animation of flood inundation depth distribution, please select inundation on

the top left panel and click the start button.

. ™ Ve EW TS
2008/ 1/ 2 00:00 v
—_—— - ; S Bebics
T YAVE] (X |
1

* Rore il &

ol ovecrat. | oo ol = | W B

|- i 5 M:ﬂulm.r.mhnma:;i7i77}_. a ‘ ' ( ‘\.t B

e | i / (M mwscas | 0 | © OGSl Febam | Erpart f) |
Fnim Speed L — f— H \

| Cherws Boch Imsue | H (m)

[ Dicplay DavaiTima 2

P [ Display Legerd
W Display Mesh Frame
[ Diplay Bk Cromsed bnagn ///A—_‘——‘_‘\-h\_

1
5 ,/
2007112124 200712127 2007112130 20081/2 2008015
Mesh Mo [ 174, 47 11 000 0o 000 000 000
DATE

After stopping the animation, try to click any grid cell inside a basin to visualize the time

seris of flood inundation depths.
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* River Profiln

&-n»—.hm]

* Mosh Frofin — Shilt+Leit Drime
Ampad L — | — #

| Chanes Bk Insge |

[ Displey Duned Time
F I oisplay Leeend

¥ Daplay Mesh Frame

P Display MackGround Trmsge

Dbl Cptes (Dewbile Clack)

Then display the maximum inundation depth distribution by choosing hs max.

For the maximum inundation depths, one can check values by selecting a area on the map.

e Dispilay results

e ety
[FelFver WDl |
—

—
['orlFiver Dise]

o :
S
I Display UV Wecter  oub hamame
o O
—— =
* River Profike

Sel River Path | Shors Fral i

* Mesh Pralide — Shilt+Ledt Do
nimSpeed L — |— H

[ chanee Buck tnsee | 55 04 | 002 || 0.04 0L 006 | 0.03 | 0.1 || 002

_Sh 05 02 111 11 .12 05 || 0.04 03

F [ Display DuteTime . .55 . X N .94 25 | 027 .02 0 .01 .09 07
Fllm o n— .57 | 053 A5 || 1.1 || 188 | 1.6 || 1.41 27 || 0.8 38 || 0.5 .01 06 || 0.02 |

. .0 .04 03 f) 00 o3 e I | I T | N1 i bl il Nl .49 Al

& B 04 || 0.02 07 ] 04| 050 0 7 7 Jil 36 14 &2 .98

¥  Display Backiround Imaen .03 03 .07 ., 03 .05 74 1 A A9 57 || 1.72 .17 114

.02 .04 08 ) 03 || 005 ] 0.es .84 .54 78 62 & e 42

[t pties (Dendi: Gy .0 . .07 .5é .05 .36 ] .97 13 .05

.05 | 106 || 0.50 48 34| 037 57 31 8

.03 .08 [ 008 | 0.8 1 .03 16 4 .20

.03 .04 || 005 J|_0.07 1 .06 || 0.07 5 03

.03 L9 _0.0% L 6 || D06 || D08 112 05

02 07003 JL 0 05 || 0.07 || 003 | 0.04 Nl

.02 07 || 0.03 J| 001 || 0.06 || 0.04 | 0.0 || 0.01 07

.07 .03 || 0.05 || 0.02 .05 .05 .01 .04 .04

.07 .02_J_0.01 14 | 0.04 | 0.06 || 0.01 03| 0.03

Succended

(Optional)
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I RRI_VIEWER v3.0

¥ Display results

['hs{inundation

[y [
[ [
el
I hs max

2008/ 1/8 I 0:00

* River Protile

Set River Path | Show Profile

* Mesh Frofile — Shift+Left Draw

Anim Speed L — |— H

Change Back Imaze

[~ Display LW Vat:ﬂtr ‘out hsmax | )

r l_ Dizplay DatedTime
I l_ Dizplay Legend
¥  Display Mesh Frame

[¥ Display BackGround Image

Dietail Option {Double Glick)

Succeeded

I

File output for maximum
flood inundation depths

Moal Display Optiens

h

To change

My

= I Display value frame

=
E
j
@
d
Pl

JONEEREnn

Wordsan

the color

=01
>=0.05 £
(m)

To display the animation of river discharge or river water depth distribution, please select qr

(River Disc.) or hr (River WD) on the top left panel and click the start button.

River discharge (qr) or
river water depth (hr)
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00 :

T D - ot b |
[ i | g
——— -
[TwTE [T

* Faver Profile.

Sat Hroar Pam llin

* Mesh Profiie —— ShiteLell Drom
frinfpeed | — |— H

[ Chanse Gack nsg= |
™ [T Display DateiTima.
R [ Ophay Legmrd

¥ Duplay Mesh Frame
W Display RackOrsund Inses

Detail Opton {Doubile Click)

After stopping the animation, try to click any river grid-cell to visualize the time serises of

river discharge (i.e. hydrograph) and river water depth.

@ r_vieweR 3

¥ Display results

sl [ A i -

[WRwewnr I "

| E— | —

[ewrtnel [ gamat

| I B T

re |

EIRETN 3 JEN
—— | | 8

« R Frolie 5

el reer Pt

® Hesh Frofike — ShiltLedl Dvam

Mninfooed L — f— M r
e e L A ez

| bhistcar [0 [ 1 ChesSaw T [0 e !( Dxpert few

H {m} Q (mais}
10 2600

i /ﬁ:-ﬁ'_"_“"-\‘

| f —

4

Double click at the river location
to display water depth (blue
color, left) and river discharge
(led color, right).

2 1 {500

]
200724 200727 00712130 20084172 B
] 00 onn oo 000 o
DATE ool &

To visualize the longitudinal profile of river water level, first select hr (River WD) and click

“Set River Path” on the left pannel.
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D Select hr

B o viEweR a0 /i - - m. —————

F'D'-ahvn-h/
| | I £
—
[olfver Bisl. [ ewmotdi
|
I Crsphae UV Voo wuw|

Ll [ ] o
e

Iy

* Mash Profie == ShiftsLedt Dem
Aaimpoed | — |— W

[
@

[T Ditplay DsstdTime
& I Display Logend

¥ Diplay Mesh Frame

W Digpley BackGround Imace.

Dwail Opition {Cxndsle Click

Emeed

a7 [ . ) | e |
+ River Profile _,ﬁ, — —

—

~ [® Click Yes :

J

Click Set River Path

e

ETFRETET | [E]

* Firver Fradils

Se1 River P | Shon Trctile I

= Mo Frodile == Shiftelaft Dram
MimSooed L — |— M

Change Bk, lmags

[T Display Dtnt Tomar
& M Displsy Legend

P Duaplay Mesh Frame

¥ Display BachCiiurd lnagn

|Mesh Area [127 03] kind 2

the Upstream end
point
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# Raver Frolile

it fid [ o] g ol
|
rem7i7E [eo

DT TR
I

® Click here as
the Downstream
u end point

; Eﬁgﬁjﬂ Ea/.

Profile Window

H-ficis Scale minmax | ] | 200

| | Redraw |
H (m) 2008/ y/‘:OO
300 \ |
River water level
Change the vertical rangeof\ Ground level
the graph, e.g. to 100 m then River Bed level
redraw
200
100
.
0 =
0 40 80
Upstream Total Length 77 (km) Downstream
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© Change the plotting time by animation or
move this button to show the longitudinal profile
of river water level (blue).

W8T 712731 18- 08
* Fiver Frofike

Deletn Parhy | - Sem Praliln

* Mesh Frafile = ShiteLatt Draw
L) H(m) 2007/12/31 18:00
100

T Choen B T River water leval
Ground laval

River Bed level

W [T Disoley Dotk Torn
P B Gy Loved

R Display Mash Feams

' Daplay Seckiround bnae:

Dtasl Option (Dot Click)

A0
77 (km)

Upstream Total Length

Click “Delete Path” to delete the selected longitudinal path.

To visualize the profile of flood inundation depth, one can draw a profile line (e.g. red line
below) as “Shift + Left Draw”.

B Ru_VIEWER w30 & sow svs TER - r - I
@ Draw a line at the interest
section to display flood
inundation depths by
Shift + Left Draw

Change the range of
the figure (e.g. from 5
[u....mu.n--sn.m.mm:-l b 2{'&0 I;Il) and RedzaW

MESH Profile

PR

Mediis Seale e [ B | W Fadww |
H (m) 200?*12!31 18:00
10.0

———— | Inundation water level
Ground leve

7.6 _ I~

0
[213.22] 1221 30] [229.38]
Mesh Location (238451
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Today’s outline is below.

1. Explanation of target area

2. Exercise of data creation
a) dem data and dem adjustment

d) dir data ?XFlow Direction

c) ACC data >¢Flow Accumulation

d) landuse and soil data

e) River settings

f) Rainfall data with Thiessen Polygon method
3. Outline of Training on next day



(1) Explanation of target area

1-1) Introduction

Kumanovo is located in the Northeast of Skopje.
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(1) Explanation of target area

1-1) Introduction

Analysis area at Kumanovo,

The 5 precipitation stations and the 6 discharge stations are installed.

L7
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g
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(1) Explanation of target area

1-1) Introduction

Analysis at Kumanovo,
Stream network is below.

Legend Gorno Kfqgj_are
<
; =
: ‘Konjari!(a_Kumanovo
"\-VK/umanO\'}ska_Kuma ovo

. downstream_point
® precipitation obs
' discharge_obs

[ Analisis area

Kumanovo

) W

Dobroshani

_Bulachani

" = 251 .0 25 5 7.5 10 km

T e g

\ & V‘Srko;;je Zajc%év.‘Rid ; R =W,
- = SN -~ ; ,/,



(1) Explanation of target area

1-2) Used DATA in RRI

(D Topography data : SRTM(=Shutle Radar Topography Mission Height)

If you use data, need a registration. ; You can download a data.

After >

i https://e4ftl01.cr.usgs.gov/MEASURES/SRTMGL3.003/

https://urs.earthdata.nasa.gov/users/new

The dem, dir and acc data’s for
In this lecture, you don’t need the Registration. | RRI are made from above data!!

We already have downloaded a data!



(1) Explanation of target area

1-2) Used DATA in RRI

@) Rainfall data

We collected the following data within analysis area.
*5 precipitation stations data
-4 discharge stations data
Data interval is daily

Points within Kumanovo city Down stream point in RRI
Precipitation DATA I Dischar!e DATA
Event NOTE
Bulachani Gorno Konjare Kumanovo Romanovce Umndol konjarka_kumanovo I lipkovska_bedinje kumanovska_kumanovc“(umanovska_dobrosanJ

_ Daily Precipitation:No Data,

Dec-70 only H I only H I_ only H Daily Discharge : 1970/12/28~1971/1/4
I I Daily Precipitation:No Data,
Feb-86 only H Hand Q Hand Q Daily Discharge:1986/2/1~1986/2/6,
| 1986/1/2~1986/1/7

. Daily Precipitation:1992/12/6~1992/12/15,
Sk © © © © © Al EelE I ety l il el Daily Discharge :1992/12/7~1992/12/11

. Daily Precipitation:1994/7/17~1994/7/26,
Jul-94 © © © © © HandQ | I HandQ Daily Discharge : 1994/7/21~1994/7/25

. I I Daily Precipitation:1995/7/16~1995/7/21,
Jul-95 © © © ° ° HandQ HandQ Daily Discharge : 1995/7/16~1995/7/21

Daily Precipitation: 19997 11/ TZ

Nov-99 (@] @] O (@] (@] Hand Q only H 1999/11/22,

_ Daily Precipitation:2013/2/16~2013/2/28,
Feb~13 ° © © ° ° onlv H onlv H onlv H Daily Discharge : 2013/2/24~2013/3/1

_ Daily Precipitation:2015/10/6~2015/10/13,
Oct 15 © © ° ° © only H only H only H Daily Discharge :2015/10/9~2015/10/13

Precipitation DATA Discharge DATA



(1) Explanation of target area

1-2) Used DATA in RRI

@) Rainfall data

Hyeto and hydrograph

14 0
P L 10
12 4 /,’ S
/ o
. L 20
PN | There are no correlation
104 H\lqh discharge! ) between precipitation and
N e discharge because both data [ 30
o F R are recorded daily basis NOT >
“ ’ *\ hourly basis! - 40 2
mn 8 A \ IS
S . . €
T Heavy precjpitation! o T
o o
© \\ // 2
_S 6 - 'S i ]
%] —— - —
a L 60 %
o
[a
. dobrosane L 70
® LTS L 80
’ N
! \ _ Konjark
2 A , onjarka
2% ®
I 1 L 90
\\ o OA/I/
(0] o AN Low,eﬂscharge!
0 : S : . 100
1992/12/6 1992/12/8 1992/12/10 1992/12/12 1992/12/14

@ Precipitation O Konjarka  © dobrosane

In this lecture, We decided using total rainfall of 1% probability for RRI.
2% Total rainfall probability was estimated from formula by Blinkov and Jagev (2004). |




(1) Explanation of target area

1-2) Used DATA in RRI

@) Rainfall data

For example,
below figure shown hyetograph at 1% probability

Hyetograph at 1% probability

40

35
Precipitation at each probability
< 25
£ Time Precipitation (mm)
ézo sec hour % 2% 48
s 0 0 .0 0.0 0.0
£ 10800 3 5 4.1 3.7
o 21600 6 6 5.1 4.6
32400 9 8 7.0 6.3
;| 43200 12 4 13.0 11.6
54000 15 0 57.6 51.0
° - 64800 18 9 8.9 8.0
buration ) 75600 21 5 5.9 5.2
86400 24 0 4.5 4.0
97200 27 0 0.0 0.0
108000 30 0 0.0 0.0
118800 33 0 0.0 0.0
129600 36 0 0.0 0.0
140400 39 0 0.0 0.0
151200 42 0 0.0 0.0
162000 45 0 0.0 0.0
172800 48 0 0.0 0.0
Total 106. 1 94. 3




(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI
Flowchart for make a data

4 N flowcha rt>

Input data for RRI

N\

X




(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI

&l

ExtraData
QaGls
BRI

Check a tool folder from USB.

[ tool

"= RRI_Manua|.pdf

|———|a|os30m203v |-—-|a|os30m20$v.exe

|———|srtmgl32csv.exe |

| Program Folder

L Download data ¢ALOS, SRTM and FAO data etc...

| These files are used to define the modeling region

Jd and downstream point for RRI.

These files are used to topography data for RRI, and

" made from goALOS.bat or goSRTM.bat.

[(1a)ALOS ———(1)alos30m
[(1b)STRM ———(1)STRMGL3
7z
[(2)mkDEM ———{mkDEM.exe |
Folder structure
[(3)mkDIR ——{mkDIRexe |
[(4)mkACC F——{mkACC.exe |
[(5)mkLUSE F——{mkLUSE.exe |
[(6)mkMASK F——{mkMASK exe
[data -——{coVER
DEM
region.txt
dspoint.txt
These data are used to dem.txt
make a topography data. dir.txt
acc.txt
soil.txt
landuse.txt
goALOS.bat

goSTRM.bat

]» These files are to control the above program, and double click to use.

10



(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI

1st step: Define the modeling region
Click the “region.txt”

region.tet - TeraPad - O *
IJrflB \EED ®BEQ =TV UMW YWD ALTH
DB S| | pehepe
(O T 0 T ] (20, e 30, 1 O,

1)|B1.464d01[21.732d0 4

2142 . 125d0( |42 . 287d0LFOF ]

Left bottom A Right top

A
W 1T 8 S5 CR

Rewrite to the coordinate
of “left bottom” and “right
top” in modeling region.

North

@)

(42.071N, 21.360E)

East

v

(42.316N, 21.787E)

11



(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI

2nd step: Define the downstream point for RRI

Click the “dspoint.txt”

Rewrite to coordinates (x, y) of
“downstream point” within
modeling region.

Please rewrite to (162, 138)

dspoint.txt - TeraPad — O *
IJrfllE) \EE BFS =FRM wMYFIW Y-IlO
AT (H)
DB 3| | pepye
O T e 1 R - N I
0
P % #%9 .ﬁiggﬁTRMl <4—— Case of SRTM data
3L
411
bt
]
.
g 321 | ;ggilﬂLUSBUny__ Case of ALOS data
8914 w
1T 1T B SHE
— In this lecture

(1, 294)

Y axis is increased

@)

(1,1) .
X axis is increased

v

(512, 294)

(512, 1)

12



(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI

3rd step: Make a topography data
Double Click the “goSRTM.bat” : After executed “goSRTM.bat”

P51, v/t |RriEF-5E. P

-

HAE

(1a)ALOS
(1b)SRTM
(2)mkDEM
(3ImkDIR
(4 mkACC
(5)mkLUSE
(E)mkMASK
data

[%] goALOS.bat

: 18 files are made

@ | to data folder.

Run the program!

Using data
1. dem.txt 2.acc.txt 3.dir.txt 13



(2) Exercise of data creation
2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI

4th step: Check the topography data using “RRI_BUILDER_v4-64.exe”
Y% Start up RRI and Create new project

(1)Double Click
(1) RRI_BUILDER_64.exe

(2) Click New Project

(2)

14



(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI

4th step: Check the topography data using “RRI_BUILDER_v4-64.exe”
% Create New Project Folder

(1)

(2)

(3)

(&) [ ]

(1) Type a new project name (e.g. “lecture”) to create a new project folder
(2) Select “Use DEM, ACC, DIR files” and “LATLON(Latitude-Lognitude)”
(3) Select “Select DEM file etc.”, and choose dem.txt, acc.txt and dir.txt in data folder
2 each files has been made from 3rd step 15
(4) Click "OK"




(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI
4th step: Check the topography data using “RRI_BUILDER_v4-64.exe”

% Check the topography data
mwction of basin!

xtracted basin from 1, 2, 3 step

————
- - o

Downstream pyint of
the modeling region

~ -
S - -

Dobrg¢shani

How to search the mesh coordinate
in downstream point?

\

16




(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI
5th step: Revise the mesh coordinates (x, y) of “downstream point”

(1) Open the “dir.txt or dir_temp.txt” in a data folder using EXCEL

(2) Insert new row or column on the top of Values of flow direction

(3) Write the mesh coordinates(x, y) in a new row and column Origin is "left bottom“

(4) Search the mesh coordinates (x, y) of “downstream point” while tracking according to the right figure rule

Mesh coordinates of x

| 97 98 99 100 101 102 103 104 105 106 107 108 109 |
| 7 8 7 1 7 5 7 6 7 7 8 7 7 |8
ul| 7 6 7 6 7 7 7 6 8 7 6 1 8 |17 Values of flow direction
16 6 1 8 7 7 8 7 7 8 7 6 7 8 16
15| 5 8 7 1 8 8 7 8 7 7 6 8 7 |5 A «<
| s 7 6 8 1 1 i ] 8 8 i Z 6 11 4 3] 2 4
I 7 N 7 7 7 @ Select a mesh close to the downstream point.
> 2 Numbers indicate the flow direction (see right figure).
< 12| 8 8 7 6 8 7 | L < 5 0 1
g || 7 7 6 7 7 7 6 S ] = 7 8 7 |u
R 7 6 1 8 7 6 7 7 8 8 8 7 w0 6 71 8
o & 1
s |9 7 7 7 7 7 7 9 X 3
S| ol s 7 7 7 6 ? @ Track according to the right figure rule ||,
fg ! 8 7 6 5 ] T 1 1 1|7
= | el] 7 8 7 7 7 7 7"6 1 8 7 1 8 |6
51| 7 1 1 8 7 7 t 5 7 1 8 8 1 |5 H | . “d . =
T ; ; - - : ; - ; - - ; Tl ere, please rewrite “dspoint.ixt
v
S o e Ty s 7 7] s s &} to (499, 15) from (162, 138), and
8 7 8 1 8 7 8 1 1 7 5 7 12 . “ ”
2 QN Double Click the “goSRTM.bat
1 7 7 7 7 7 7 \7 7 7 7 7 1
97 98 99 100 101 102 103 ,—h e —— 10 100

(xy)=(102.2) @ If "downstream point" is coordinate of y of 2 17
mesh from modeling region, very easily to search.




(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI
5th step: Revise the mesh coordinates (x, y) of “downstream point”

(5) Check again the topography data using “RRI_BUILDER_v4-64.exe”

Type a new project name (e.g. “lecture2”)

18



(2) Exercise of data creation

2-1) Make a topography data

(1 Make a dem, dir, acc data for RRI
5th step: Revise the mesh coordinates (x, y) of “downstream point”

(6) Check again the topography data

| n this case, We can extract the basin.

19



(2) Exercise of data creation

2-1) Make a topography data

@ Check extracted (created) data (dem, acc,dir)

€ Check DEM(Digital Elevation Model) data| [ Check ACC (Flow Accumulation) data

(2) (e (2) i -

mmmmmmmmm

(3) Double Click Around here
[ ]

a

(&)

(1)Click the "EDIT” Tab

(2)Select ACC

(1) Click the "EDIT" Tab
(2) Select "DEM"
(3) Double click around here

(&) Check Extracted elevation can be confirmed 20




(2) Exercise of data creation

2-1) Make a topography data

@ Check extracted (created) data (dem, acc,dir)

€ Check DIR(Flow Direction) data
(1)

[ 1]

(2)

(3)

(1) Click the "EDIT" Tab
(2) Select "DIR"

(3) Enlarge map

(4) Select "DEM" or "ACC"
(5) Select "DIR"

o

Enlarge map since flow direction is not
displayed in small scale map display.

21



(2) Exercise of data creation

2-1) Make a topography data

3 Adjust DEM (Required)
Purpose: DEM adjustment by carving and filling

DEM adjustment
This program adjusts DEM by carving and filling to remove pits along flow line

to avoid unrealistic discontinuity of elevation along flowline.

Carving
- Carving

NN r s —
=)
pit—
Filling
Before DEM adjustment After DEM adjustment

22



(2) Exercise of data creation

2-1) Make a topography data

3 Adjust DEM (Required)

(1)|:

(2)

Bl— If;>

W]

(1) Click the "BASIN" Tab

(2) Click "Adjust DEM" to open "Setting files” window
(3) Check Save as

(4) Click "OK"

23



(2) Exercise of data creation

2-1) Make a topography data

@ Extracte the landuse and soil data | % Check extracted data

Check landuse data
| (1)
(— i -

(2)

(2)

(1) Click the "EDIT" Tab
(2) Select "Land cover”

(1) Click the "BASIN" Tab . Cf(ka soil data
(2) Click "Extract Land cover and soil" i ]

Note!
Landuse data is using USGS data.
Soil data is using FAO data.

(2)

(1) Click the "EDIT" Tab
(2) Select "Soil"

24



(2) Exercise of data creation

2-2) Make a river data

(D River parameter settings

( (1b

(1) Click "DATA" Tab

(2) Click "Set river” to open the River parameter window
(3) Set “river threshold as 50"

(4) Click "Make File" of river width

(5) Click “Yes"

(6) Continue “Make File" for [River depth] and [Bank height]
(7) Click "Set river parameter”

Note!

The parameter “river threshold” defines the threshold of flow
accumulation (i.e. number of upstream cells) to distinguish river
grid cells or slope grid cells. Recall that for RRI model, slope
exists even on a river grid cell.

(3)

o5 T NN Ny,

D(L)
II 1

: i

1 |

1 1

' I

|

‘\—----------—, . l |

[ Keep the “default values” ]

]

When the selected data set, this color
will be changed info green

Even if the bank height is Zero, this should be done.]

sd Eke File ‘

NN N N N N N N RN N R S NN S R S R R Ry,

S —

U —

25



(2) Exercise of data creation

2-2) Make a river data

@ Check the river data (River width)

=
(4)
2
(2) , (3
/
4
/
4
/ \
s \
/ ‘l \
’ \ ‘\
/ 1 \
/ LAY
/ Vo
4 \
/ \
74 \
4
4
4
(1) Click the "EDIT" Tab ¥
(2) Select River width
(3) Double click around here
(&) Check data show in “Edit ...

River width (m)"

River width set by parameters can be confirmed.

26



(2) Exercise of data creation

2-2) Make a river data

3 Check the river data (River depth)

=
(4)
2
(2) , (3
/
4
/
4
S
s \
/ ‘l \
’ \ ‘\
/ 1 \
/ LAY
/ Vo
4 \
/ \
74 \
4
4
4
(1) Click the "EDIT" Tab ¥
(2) Select “River depth”
(3) Double click around here
(4) Check data show in “Edit ...

River depth (m)"

River depth set by parameters can be confirmed.

27



(2) Exercise of data creation

2-3) Make a rainfall data with Thiessen Polygon method

To use ground gauged data for creating input rainfall for the RRI simulation,
one can use “rainThiessen.exe”

(1 Rainfall data format

Number of rain gauge

l Latitude and longitude of the rain gauge
| 16 | ¥
lat 42.01606 42.07163 42.21901 42.18183 42.11672 42.12833 42.09084 42.01653 42.19952 42.15128 42.08702 42.15883 42.17388 42.18256 42.20354 42.2201
lon 20.8792 21.5027 21.84812 21.72822 21.85052 21.70006 21.69249 21.39984 21.82969 22.03281 21.62606 21.87294 22.17087 22.29323 22.33113 22.42708
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10800 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526 4.517526
21600 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475 5.629475
32400| 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218 7.768218
43200| 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626 14.41626
54000 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951 64.01951
64800 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367 9.894367
75600 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958 6.492958
86400 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981 4.999981

97200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
108000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
118800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
129600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
140400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
151200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
162000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
172800 0 0 0 0 0 0 0 0 0 k 0 0 0 0 0 0 0

\

Rainfall data (mm)
Time step of the data in second.

(note: start time from zero) Data format is csv file.
In this lecture, ti tepis 3hint 1(10800 d). . .
n this lecture, time step is 3h interval( second)- 1 this lecture, “RainModel1%@Kumanovo190827.csv”
is used as rainfall data. 28



(2) Exercise of data creation

2-3) Extract rainfall data with Thiessen Polygon method

(D Rainfall data format

In this lecture, following 16 stations are used as the rain gauge.

Name of the station X y
Popova Shapka 20.87920 | 42.01606
Bulachani 21.50270 | 42.07163
Dragomance 21.84812 | 42.21901
Gorno Konjare 21.72822 | 42.18183
Klechovci 21.85052 | 42.11672
Kumanovo 21.70006 | 42.12833
Romanovce 21.69249 | 42.09084
Skopje Zajchev Rid 21.39984 | 42.01653
Staro Nagorichani 21.82969 | 42.19952
Stracin 22.03281 | 42.15128
Umndol 21.62606 | 42.08702
Vojnik 21.87294 | 42.15883
Ginovci 22.17087 | 42.17388
Konopnica 22.29323 | 42.18256
Kriva Palanka 22.33113 | 42.20354
Uzem 22.42708 | 42.22010 2




(2) Exercise of data creation

2-3) Make a rainfall data with Thiessen Polygon method

@ Extract rainfall data with Thiessen Polygon method

(1) (3) Copy

— D 5 D

>

(&) Paste

— . —

(1) Double click the "ExtraData” folder in a USB

(2) Double click the “obsdata” folder

(3) Copy the “RainModel1%@Kumanovo190827.csv”, “rainThiessen.exe” and “rainThiessen.txt"

(&) Paste inside “RRI-GUI"—"Project"—"lecture2"—"rain" folder 30



(2) Exercise of data creation

2-3) Make a rainfall data with Thiessen Polygon method

@ Extract rainfall data with Thiessen Polygon method

(1) |$
I |

<+— L1:rainfall data

<«— L2 :output rainfall(i.e. input for RRI)
L3: output map file(i.e. distribution of rain gauges)

<+— L4~L8: model information’s

(1) Double click the “rainThiessen.txt"

(2) Write to L1 the "name of rainfall data”
(3) Write to L2 the “rain_.dat"

(4) Write to L3 the "rain_Map.dat”

(5) Write to L4~L8 the "model information's"

31



(2) Exercise of data creation

2-3) Make a rainfall data with Thiessen Polygon method

@ Extract rainfall data with Thiessen Polygon method

Confirmation of "model information's"

(3)

<+— L1~L5: model information’s

(1) Enter the "RRI-GUI"—"Project”—"lecture2”"—"topo" folder

(2) Double click the “adem.txt”

(3) Copy the “L1~L5" and paste to the "L4~L8 of rainThiessen.txt"

(4) Save the “rainThiessen.txt” 32



(2) Exercise of data creation

2-3) Make a rainfall data with Thiessen Polygon method

@ Extract rainfall data with Thiessen Polygon method

Run of the Thiessen program

Run the program!

&

g Create a two files after run

(1) Double click the “rainThiessen.exe”
(2) Run the program
(3) Confirm the new files (i.e. “rain_dat" and “rain_Map.dat”

33



(2) Exercise of data creation

2-3) Make a rainfall data with Thiessen Polygon method

@ Extract rainfall data with Thiessen Polygon method

Check the cumulative rainfall with Thiessen using “RRI_BUILDER_v4-64.exe”

(1)
(I

(2)

(1)

(1) Click the "EDIT" Tab (&)
(2) Select "Rain”

Note!

If rainfall is not displayed, check the L14 ~L15 of “RRI_Input.txt” of “lecture2” folder.
L14 and L15 is value of “left bottom” in the modeling region.

In this lecture, L14 is “21.360420” and L15 is “42.071250”.

(1) Enter the “RRI-GUI”>"Project”>"lecture2” folder and click the “RRI_Input.txt” (2),(3)
(2) Write the L14 to “21.360420"
(3) Write the L15 to “42.071250”
(4) Save the “RRI_Input.txt” 34




(2) Exercise of data creation

2-4) Setting of parameter and analysis conditions

(D Parameter
Make a parameter file

R — If‘> B— $

o —

(7)

(5) :

]

(1) Enter the "RRI-GUI"—"Project”—"lecture2”"—"topo" folder
(2) Copy the “Cover.txt"”

(3) Paste it at same folder

(4) Rename to the “landuse.txt”

(5) Double click the "RRI Input.txt” of “lecture2” folder

(6) Rewrite the L65 to the "1" from "0" 35
(7) Save

<« 165:change to the “1”



(2) Exercise of data creation

2-4) Setting of parameter and analysis conditions

(1 Parameter
Setting of parameter value

Note!

L18: Manning’s roughness in river channel

L19: Number of landuse (Number of parameter)

L20: diffusion (1) or kinematic (0) [default : 1]

L21 : Manning’s roughness on slope cells

L22 : Soil depths [m]

L23 : Effective porosity [-]

L25, L26 : Green-Ampt infiltration model parameters

L28~L30 : lateral subsurface and surface model parameters

L32 ~L36: deep groundwater component, but algorithm is under development
and not completed at RRI ver1.4.2

P The values of L20~L36 need only the number of landuse.

. 1:Broadleaf Deciduous Forest
2:Broadleaf Evergreen Forest
3:Needleleaf Deciduous Forest
4:Needleleaf Evergreen Forest
5:Mixed Forest
B:Tree Open
7:Shrub
8:Herbaceous
9:Herbaceous with Sparse Tree/Shrub

I 10:Sparse vegetation

(1) Double click the “RRI_ Input.txt” 1 rosnd . Number of landuse in the RRI

B 2Pacdy field

(2) Rewrife fhe L18 1.0 "4.00011—2" 13:Cropland / Other Yegetation Mosaic

. 14:Mangrove

(3) Rewrite the L19 to "20" 15 Wetland

16:"Bare area, consolidated (gravel, rock)”
17:"Bare area, unconsolidated (sand)"

| R

19:Snow / Ice

20:Water bodies
W 36

Land cover




(2) Exercise of data creation

2-4) Setting of parameter and analysis conditions

(D Parameter
Setting of parameter value

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Herkaceau Cropland / Bare area,
Fow Parameter Emﬁdleaf Broadieaf Neefﬂeleaf Meedleleaf Mixed Herbaceou s with Sparse . Other consolidate Bare ane‘a, Water
nurmber Deciduous | Evergreen | Deciduous | Evergreen Tree Open Shrub ) Cropland | Paddy field . Mangrove Wetland unconsolida Urkan Snow / loe X
Forest s Sparse vegetation Vegetation d (gravel, bodies
Forest Forest Forest Forest . ted (sand)
Tree/Shrub Mosaic rock)
L21 ns slope 2.000d-1 [2.000d-1 |2.000d-1 [2.000c1 12.000d-1 [5.000d-2 |1.000d-1 [5.000d-2 |5.000d-2 [5.000d—2 |5.000d-2 |1.000d-1 |5.000d-2 |1.000d-2 |1.000d-2 |1.000d-2 |1.000d-2 [5.000d-2 |1.000d-2 [1.000d-2

L22 soildepth 1.500d-1 [1.500d-1 [1.500d-1 [1.500d-1 |1.500d-1 [1.500d-1 |1.500d-1 [1.500d-1 |1.500d-1 [1.500d-1 |4.000d-1 [5.000d-1 |4000d-1 [1.000d-1 |1.000d-1 |5.000d-2 |5.000d-2 |1.000d-1 |1.000d-1 |1.000d-1
L23 gammaa 4500d-1 1450041 |4500d-1 |4500d-1 [4500d-1 |4000d—-1 [4500d-1 1450041 [4500d-1 |4500d—1 |6.000d-1 [5.000d—1 |6.000d-1 |2.000d-1 |2.000d-1 |4.000d—1 [4000d-1 |1.500d-1 |2.000d-1 |2.000d-1

L25 ksv 0.000d0  ]0.000d0  |0.000d0  0.000d0 [0.000d0  |0.000d0 |0.00040 |0.00040 [0.000d0 ]0.00040 |0.00040 [6.000d-5 |0.000d40 |0.000d0 |0.000d0 |0.000d0  [0.000d0 |1.000d-6 |0.000d0 |0.000d0
L26 faif 000040 [0.000d0 |0.000d0  [0.000d0 10.000d0  [0.000d0 1000040 [0.000d40 000040 [0.000d0 |0.000d0 |1.000d-1 |0.000d0 |0.000d0 |0.000d0  |0.000d0 |0.000d0  [3.000d-1 |0.000d0  [0.000d0
L28 ka 5.000d4-2 [5.000d-2 [5.000d-2 [5.000d-2 |5.000d-2 [5.000d-2 |5000d-2 [1.000d-2 |1.000d-2 [1.000d-2 |2.0004-2 |0.000d0 200042 |0.000d0 |0.000d0  |7.0004-3 |7.000d-3 [0.000d0 |0.000d0  |0.000d0
L29 gammam 5.000d-2 [5.000d-2 |5.000d-2 [5.000d-2 |5.000d-2 [5.000d-2 |5000d-2 [5.000d-2 |5.000d-2 [5.000d—2 |3.000d-2 |0.000d0 |3.000d-2 |0.000d0 |0.000d0 |2.000d-2 |2.000d-2 [0.000d0 |0.000d0  [0.000d0
L30 beta 6.000d0_ |6.000d0 |6.000d0  |6.000d0 [6.000d0 |6.000d0 [6.000d0 |6.000d0 [6.000d0 [6.000d0 |6.00040 [0000d0 |6.000d40 |0.000d0 [0.000d0 [6.000d0  [6.000d0 |0.000d0  |0.000d0  |0.000d0
L32 kav 0.000d0_ ]0.000d0 |0.000d0  |0.000d0  [0.000d0  0.000d0  [0.00040 |0.000d0  [0.000d0  0.000d0  |0.00040  |0.000d0  |0.00040 |0.000d0  [0.000d0  |0.000d0  [0.000d0 |0.000d0  |0.000d0  |0.000d0
L33 gammag 4.000d-1 1400041 |4.000d-1 |4000d-1 [4.000d-1 |4.000d-1 [4000d-1 |4.000d-1 [4.000d-1 |4.000d—1 |4.000d-1 |4.000d—1 |4000d-1 [4000d-1 [4000d-1 |4.000d-1 [4000d-1 |4.000d-1 |4000d-1 |4.000d-1
L34 tg 5.0004-4 [5.000d-4 |5.000d-4 [5.000d-4 |5.000d-4 [5.000d-4 |5.000d-4 [5.000d-4 |5.000d-4 [5.000d-4 |5.000d-4 |5.000d-4 |5.000d-4 |5.000d—4 |5.000d-4 |5.000d-4 |5.000d-4 [5.000d-4 |5.000d-4 [5.000d4-4
L35 fog 3.000d-2 [3.000d-2 |3.000d-2 [3.000d-2 |3.000d-2 [3.000d-2 |3:000d-2 [3.000d-2 |3.000d-2 [3.000d-2 |3.000d-2 |3.000d-2 |3000d-2 |3.000d-2 |3.000d-2 |3.000d-2 |3000d-2 [3.000d-2 |3.000d-2 [3.000d-2
L36 init cond gw |5.000d-1 15.000d-1 |5.000d-1 |5.000d-1 [5.000d-1 |5.000d-1 [5.000d-1 |5.000d—1 [5.000d-1 |5.0004-1 |5.000d-1 |5.000d—1 |5.000d-1 |5.000d-1 [5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1 |5.000d-1

37



(2) Exercise of data creation

2-4) Setting of parameter and analysis conditions

(1 Parameter
Setting of parameter value

(3)
] —
$ o — $

(1)

(4)

(5)

(1) Double click the "ExtraData” folder in a USB
(2) Double click the "Parameter” folder

(3) Double click the "Parameter.xlsx"

(4) Copy the text at “Paste sheets”

(5) Paste it at L20~L36

38



(2) Exercise of data creation

2-4) Setting of parameter and analysis conditions

@ Analysis conditions

(6)

(2)~(5)

Note!

L1 : Version of the control file format

L2 : Project name

L3 : Specifies the path to an input rainfall file

L4 : Specify the paths to input adjust dem file

L5 : Specify the paths to input acc file

L6 : Specify the paths to input adjust dir file

(1) Double click the “RRI_Input.txt” L8 : Topographic and rainfall data coordinate system (UTM (1) or Lat Lon(0)
(2) Rewrite the L10 to “48" L9 : Simulating with 4- (0) or 8-direction (1) by the two dimensional model [default : 1]
(3) Rewrite the L11 to "“60" L10: Simulation period [hour]

(4) Rewrite the L12 to “6" L11: Simulation time step [sec], [default : 600 sec]

(5) Rewrite the L13 to “48" L12: Simulation time step for river [sec], [default : 60 sec]

(6) Save the "RRI_Input.txt” L13: Number of output files

L14 ~L16 : South west coordinate and resolution of rainfall data

39



(2) Exercise of data creation

2-5) Execute RRI

% Now, you can run the RRI Model!!

(1)
- (&)

(3)

(2 W | The RRI simulation will run for about 10 minutes.
This display (command prompt) will disappear
after the simulation finished.

(1) Click the EDIT Tab

(2) Click “Run RRI"

(3) Click "Yes" 40
(&) Run (Command prompt displays the process of the calculation during calculation)



(3) Outline of Training on next day

Tomorrow’s outline is below.

1. Exercise of visualization of outputs
a) Inundation depth (2- dimensional )
d) Inundation depth time series (point)
c) River water depth (2- dimensional )
d) River discharge (2- dimensional)
e) Hydrograph time series (point)
f) Profile of river water level
g) Profile of inundation depth

2. Summary and Closing

41



Crisis Management Center
Japan International Cooperation Agency

Project on capacity building for Ecosystem based Disaster Risk Reduction(Eco-DRR)
through sustainable forest management

RRI model Training

Apply RRI model to a selected basin
~Exercise of visualization of outputs ~

Dr. Keishi KUDO
Personnel of hydraulic model/Eco-DRR

03/0ct/2019



Today outline is below.

1. Exercise of visualization of outputs
a) Inundation depth (2- dimensional )
d) Inundation depth time series (point)
c) River water depth (2- dimensional )
d) River discharge (2- dimensional)
e) Hydrograph time series (point)
f) Profile of river water level
g) Profile of inundation depth

2. Summary and Closing



(1) Exercise of visualization of outputs

1-1) Overview of RRI_VIEWER

The GUI of RRI model is separated into two applications, Builder and Viewer.
To check the result of RRI model simulation, use RRI_VIEWER.exe.
In this lecture, we learn the following functions.

FUNCTIONS TO LEARN

Inundation depth (2- dimensional )
Inundation depth time series (point)
River water depth (2- dimensional )
River discharge (2- dimensional )
Hydrograph time series (point)
Profile of river water level

@™ oo T W

Profile of inundation depth




(1) Exercise of visualization of outputs

1-2) Start up RRI_VIEWER

Y Start up RRI_VIEWER
Start up C:¥RRI¥RRI-GUI¥RRI VIEWER 32.exe or RRI VIEWER 64.exe

(2)

(1) Double Click
- RRI_VIEWER 32.exe or /
- RRL_VIEWER_6L4.exe |

(2) Click "read RRI_Input.txt" (3), (&)

(3) Go to C:¥RRI¥RRI-GUI¥Project¥lecture2

(4) Select | | RRI_Input.txt

(5) Click “Open”

55D



(1) Exercise of visualization of outputs

1-2) Start up RRI_VIEWER

Y Start up RRI_VIEWER 3)

(1)

(2)

(1) Click “out hs max"
(2) Click "Yes"
(3) Click "EXIT" 4



(1) Exercise of visualization of outputs

1-3) View the result

a. Inundation depth animation

Note!
“RRI_VIEWER_64.exe” have bug that Inundation depth cannot set the value with a decimal point.

We created a program(hs100.exe) of hundredfold for inundation depth.

1. Copy “hs100.exe” from “ExtraData” folder and paste it under “lecture2” folder
2. Make a “new” folder under “lecture 2” folder and name for the “save” folder

3. Double click the “hs100.exe”

(2)
0 E— Save the original data
1
|:| This display (command prompt)
will disappear after finished.

(1,(3)




(1) Exercise of visualization of outputs

1-3) View the result

a. Inundation depth animation

(3)

hs(Inundation)

(4) (2)
((5)
(1)
0

(1) Double Click to Open "Model Display Options” window
(2) Color legend can be changed.

(3) Click hsl(Inundation)

(4) Click Animation button

(5) Check the results in animation

Note!
“hs” unit is “cm”, does not “m”.




(1) Exercise of visualization of outputs

1-3) View the result

b. Inundation depth time series

(1)

H : inundation depth

Inundation depth time series of selected point

Note!
(1) Click hs{inundation) hs” unit is “em”, does not “m”.

(2) Double Click on the cell to be shown
(3) Check the results of “Inundation Depth” time series at the selected cell



(1) Exercise of visualization of outputs

1-3) View the result

c. River water depth animation

1)
.

> _Animation
((3) )

(1) Click “hr (River W.D)"
(2) Click Animation button
(3) Check the results of “River water depth” in animation



(1) Exercise of visualization of outputs

1-3) View the result

d. River discharge animation

(1)

qr(River Disc)

&
> _Animation
((3) h

(1) Click gr(River Disc)
(2) Click Animation button
(3) Check the results of “River discharge” in animation



(1) Exercise of visualization of outputs

1-3) View the result

e. Hydrograph(River discharge & water depth) time series

1)
(3) H : river water depth Q : river discharge

River dischar?e & water depth time series of
selected poin

(2)

Double Click to
open "River H~Q Information” window

(1) Click “hr(River W.D)" or “gr(River Disc.)"
(2) Double Click to open “River H~Q Information” window
(3) Check the results of “Water depth” or “River discharge” time series at the selected cell

10



(1) Exercise of visualization of outputs

1-3) View the result

f. Profile of river flow (1/2)

(2)

(1 —
Set River Path

(3)
(6)

Show profile

(6)

River Path

l . Select Downstream-end River Mesh

(4)
(5) “

(1) Click "Set river path”

(2) Click "Yes" to select Upstream-end River Mesh

(3) Select "Upstream-end” River mesh by left click a cell @
(4) Click “Yes" to select Downstream-end River Mesh

(5) Select "Downstream-end” River mesh by left click a cell
(6) Click "Show profile”

11



(1) Exercise of visualization of outputs

1-3) View the result

f. Profile of river flow (2/2)

(1)

(1)Click

N __fnimation _ \

"

A\ J

River water level line moves
depending on the fime

to check the results in Animation
Note!

“hs” unit is “cm”, does not “m”.

12



(1) Exercise of visualization of outputs

1-3) View the result

g. Profile of inundation depth
Profile of inundation depth also can be checked easily.

(1) (1) Draw Profile Line

+ + drag

yd 2 /

N __fnimation _ \

Profile of inundation depth

"

Water level line moveRiver water level line moves
< depending on the ’rimedepenaymg on the time

A\ J
(1) Draw profile line : Shift + left mouse button, and drag Note!
(2) "Mesh Profile” window opens automatically “hs” unit is “cm”, does not “m”. 13

(3) Click to check the profile of inundation depth in animation
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