Localization of water resources management
technology to adapt to climate change in the
Hong-Thai Binh River basin

Activity 5.1: Development of the technical
manual for use of the selected technologies
Request ID# AF-2021000099

i fany
Technical Manual UN 89 ¢

\% —
. ©CTCN
environment S~

UN Climate Technology Centre & Network
programme

October 2023 Prepared for UNFCCC Climate Technology Centre and Network, CTCN, as
part of the Adaptation Fund Climate Innovation Accelerator Programme

The expert in WATER ENVIRONMENTS



Localization of water resources management technology to adapt to climate change in Hong-Thai
Binh River basin

Activity 5.1: Development of the technical manual for use of the selected technologies
Request ID# AF-2021000099

Prepared for: UNFCCC Climate Technology Centre and Network, CTCN, as part of the
Adaptation Fund Climate Innovation Accelerator Programme
Represented by Ms Clara Landeiro, Regional Manager, Asia-Pacific

Quality Supervisor: Bertrand Richaud

Author: Jannik Anthonj

Project No.: 11826891

Revision: Final 1.0

Classification: Open

File name: Act5_1_TechnicalReferenceManual_ENG

DHI A/S « Agern Allé 5+ < DK-2970 Hgrsholm « Denmark
Telephone: +45 4516 9200 « sls@dhigroup.com » www.dhigroup.com



Technical Manual

The North Division of the National Center for Water Resources Planning and Investigation (NVWATER),
National Center for Water Resources Planning and Investigation (NAWAPI), received technical
assistance by the United Nations Climate Technology Centre Network (CTCN), implemented by DHI, to
select and customize technology that can provide science-based information on transboundary flows in
the Hong-Thai Binh River basin in Viet Nam. This technical manual is a restricted access document
intended for the government officials using the delivered technology: a seasonal forecasting system for
transboundary inflow estimation in the Hong-Thai Binh River basin. An exemplary in Viethamese is also

available.
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1 Introduction

This report describes the Seasonal forecasting system (referred as “the system”) that has been
developed based on the technology selection made during the technical assistance. The system
is described as deployed at CEWAFO.

The Technical reference manual is divided into 3 main chapters:

e System Components: lists the main components that compose the System and how
they have been configured
e System Operation: details the operational workflow that has been set up in the system.

1. Data acquisition
a. Reservoir Level and Storage Detection
b. Observed climate data
c. Medium range forecasting
d. Seasonal forecasting

2. Simulating of river flows
> a. Simulating hindcast
b. DHI-GHM
c. MIKE HYDRO Basin

L @ 3. Post processing

a. Indicator estimation
b. Evaluation of forecast
c. Reporting

d. Maintenance
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2 System Components

This chapter is divided into several sections:

¢ Installation Requirements: requirement in terms of hardware and software for deploying
the system

e Software: list of software to be installed on the server to ensure the system is functioning

e Executables: list of executable files part of the system that have been deployed in
addition to the installed software

e Installation steps: details the steps to follow for installing the System using software and
executables

e System Architecture: location and structure of the files part of the system as deployed in
CEWAFO'’s server

e Data acquisition: input data and data pre-processing

e Modelling Framework: description of the modelling tools part of the system

e Postprocessing:

e System Performance: reporting, error logging and database base management
procedures

e Setup operational system: setup of the jobs that have been configured

This chapter can be consulted to understand how the system has been configured or for example
if the system had to be re-deployed on a different server.

2.1 System Requirements

Most recommended minimum system requirements are derived from the MIKE products used.
They are, according to MIKE by DHI documentation:

Table 2.1 Recommended minimum system requirements

Component | Requirement

Windows 7 Professional, Service Pack 1 (64 bit)
Windows 10 Pro, version 1803 (64 bit)
Windows Server 2012 R2 Standard (64 bit)
Windows Server 2016 Standard (64 bit).

Fully supported operating systems *

Processor x64, 2.2 GHz (or higher)
Memory (RAM) 2 GB (or higher)
Hard disk 40 GB (or higher)
Additional disk space 20GB (or higher)
Monitor SVGA, resolution 1024x768 in 16 bit color
. 64 MB RAM (256 MB RAM or higher recommended), 32 bit true
Graphics adapter color
File system NTFS
Software requirements Microsoft .NET Framework 4.7.2 or later

2.2 Software

By default, all programs are installed on the C:\ drive. Table 2.2 highlights the programs installed.
The folder structure delivered is a fundamental part of the operations and should not be altered.

Table 2.2 Location of all installed programs
Component ‘ Component location ‘
PostgreSQL version 10 C:\Program Files\PostgreSQL\10
DHI MIKE Operations 2019 C:\Program Files (x86)\DHI\2019\MIKE OPERATIONS
DHI MIKE Zero 2019 Update 1 C:\Program Files (x86)\DHI\2019\MIKE Zero
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Additionally, Python is required to be installed with the following packages, sourced from PyPI:

e Pandas
e numpy
e mikeio

2.3 Executables

Executables with their dependencies and thus without need of installation are provided by DHI as
described in Table 2.3. Their location is given as relative path to “WorkDir”, which is explained in
section 2.4.5.

Table 2.3 Executables delivered

Executable | Location ‘ Description ‘

Global Hydro .\Tools\GlobalHydroRunner MIKE2022 | NAM executable for the DHI-GHM
Runner.exe

FastKinRouter.exe .\Tools\FastKinRouter Routing executable for the DHI-GHM

2.4 Installation steps

The following steps should be followed to install the system on a server following requirements
mentioned in section 2.1 and software mentioned in section 2.2 are installed.

2.4.1 Install MIKE Software

¢ Install MIKE Operations: Follow guide in pdf
e |Install MIKE Zero

2.4.2 Install MicroMamba

Make a temporary copy of the folder Software\03 MicroMamba on the C: drive if WorkDir is not
part of C: drive beforehand. The temporary folder copy can be deleted after successful execution
of 2.4.2.1.

Run “Mambaforge-Windows-x86_64.exe” in Software\03 MicroMamba to install mambaforge on
the system.

D\Software\03 Microblambs
- Mame Date modified Type Size
| | environment.yml 3/9/2023 8:00 AM ¥ML File 1KE
m Mambaforge-Windows-xB6_64.exe 11/2/2022 10:36 AM Application 67,137 KB
[Z] SetupEnvironment.bat 3/9/2023 3:25 PM Windows Batch File 1 KB
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] Mambaforge 22.9.0-1 (64-bit) Setup - X

Welcome to Mambaforge 22 9 0-1
(64-bit) Setup

Setup will guide you through the installation of Mambaforge
22.9.0-1 (64-bit).

M am b afo rg e Itis recommended that you dose all other applications
before starting Setup. This will make it possble to update

2 2 2 9 . O = 1 relevant system files without having to reboot your
computer.,
Click Next to continue.
_ Concel
Click “Next”.
m Mambaforge 22.9.0-1 (64-bit) Setup - 4
License Agreement
Ma mba fﬂ rg e Please review the license terms before installing Mambaforge
22.9.0-1 (54-bif).

Press Page Down to see the rest of the agreement,

Miniforge installer code uses BSD-3-Clause license as stated below, A

Binary packages that come with it have their own licensing terms

and by instaling miniforoe you agree to the beensing terms of individual

packages as well. They indude different OSI-approved licenses induding

mmu General Public License and can be found in pkgs/<plkg-name > finfolicenses
ers,

|Miniforge installer comes with a boostrapping executable that is used
when instaling miniforge and is deleted after miniforge is installed.
Thr? bnouuq_:plng_guq;tabln_:_uses_m:rmmba, di1l, gpp_—ﬁe_sfstm, W

If you accept the tarms of the agreement, dick I Agree to continue. You must accept the
agreement to install Mambaforge 22.9.0-1 (&4-hit].

conda-Forge

<Back || IAgree | Cancel

Click “I Agree
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] Mambaforge 22.9.0-1 (64-bit) Setup — x

Select Installation Type

Ma mbafﬂrg e Please select the type of installation you would like to perform for
Mambaforge 22.9.0-1 (54-bit).

Install for:

() Just Me (recommended)

@)l Users (requires admin privieges);

conda-forge

<gack  |[Qnext> | | cancel

Select “All Users”. Click “Next”.

m Mambaferge 22.9.0-1 (64-bit) Setup — >

Choose Install Location

Mambaforge fhﬁamefﬂﬂerhmﬁhh'l'lsialr\"lalnbarl‘urgeﬂ.g,l]-‘l
G4-bit).

Setup will nstall Mambaforge 22.9.0-1 (64-bit) in the following folder. To install in a different
folder, didc Browse and select another folder. Clids Mext to continue.

Destination Folder

| C:\ProgramData ynambaforge Browse. ..

Space required: 315.2MB
Space available: 54, 2GB

conda-rorge

< Back Mext > Cancel

Select the folder to install the software. If there is no reason, keep default. Click “Next”.
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] Mambaforge 22.9.0-1 (64-bit) Setup -

Advanced Installation Options

Mambaforge  customize how Mambaforge integrates with Windows

[ Create start menu shortcuts (supported packages only).

[1 Add Mambaforge to the system PATH environment variable
NOT recommended; adding Mambaforge to the PATH can lead to conflicts vath other
applications. Instead, use the Commmand Prompt and Powershell menus added to
the "Anaconda3 (64-bit)” folder of the Windows Start Menu.,

[ Register Mambaforge as the system Python 3.10

Recommended. Allows other programs, such as VSCode, PyCharm, etc. to
automatically detect Mambaforge as the primary Python 3. 10 on the system.

[FlClear the package cache upon completion:
Recommended. Recovers some disk space without harming functionality.

conda-forge

l<§ad]|wu|c-nd

Check all boxes and click “Install”.

] Mambaforge 22.9.0-1 (64-bit) Setup -

Installation Complete
Mambaforge s.wp was completed successhully.

Completed
|
Show details
conda-farge
——
Click “Next”.

Page 6



] Mambaforge 22.9.0-1 (64-bit) Setup —

Mambaforge
22.9.0-1

Completing Mambaforge 22.9.0-1
(64-bit) Setup

Mambaforge 22.9,0-1 (54-bit) has been installed on your
computer,

Click Finish to dose Setup.

< Back Cancel

Click “Finish”.

Restart the machine.

2.4.2.1 Set up the “base” environment

o Name : Date modified Type Size
| | environment.yml 3/9/2023 8:00 AM YML File 1KB
Mambaforge-Windows-x86_64.exe 11/2/2022 10:36 AM Application 67,137KB
[] SetupEnvironment.bat 3/9/2023 3:25 PM Windows Batch File 1KB

Run the batch file SetupEnvironment.bat in Software\03 MicroMamba as administrator to add
libraries in the base environment. A command prompt will open to install the packages.

Run the Batch file by right click -> Run as administrator.

Local Disk (C:) * MicroMamba

e

]

Mame Date modified Type Size
| | environment.yml 3792023 3:00 AM WML File KB
I Mambaforge-Windows-x86_64.exe 11/2/2022 10:36 AM Application 67,137 KB
[&] SetupEnvironment.bat 3/9/2023 3:25 PM Windows Batch File 1KB

Open

Edit

Print

G Run as administrator
T-Zip b

[ Edit with Notepad++

= Share

S
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Close the command shell, when it looks similar to:

s (from python-dateutil>=2.8.1->f

y-2023.2.90

If 2.4.2 required a temporary copy of the Software\03 MicroMamba folder, this can now be
removed.

2.4.3 Install DotNet

Run “dotnet-runtime-5.0.17-win-x64.exe” in Software\04 DotNet Runtime to install dotnet 5.0.

hSoftware\ (4 Dothet Runtime

o Mame Date modified Type Cire
[P - . - e — N . . e -
i‘ijJ dotnet-runtime-5.0.17-win-x64.exe 10/12/2022 2:30 Ph Application 25956 KE
b':—,-‘ Microseft .NET Runtime - 5.0.17 (x64) Installer - =

Microsoft .NET Runtime - 5.0.17 (x64)

NET Runtime

The .NET Runtime is used to run .NET applications, on your Windows computer. NET is
open source, cross platform, and supported by Microsoft. We hope you enjoy it!

By clicking Install, you agree to the following terms.

Privacy Statement

icensing Information for NET

Glnsull Close

Click “Install”.
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User Account Control

Show more details

Yes

Click “Yes”.
K.

Click “Close”.

Do you want to allow this app to make
changes to your device?

ﬁ Microsoft NET Runtime - 5.0.17 (x64)

Verified publisher: Microsoft Corporation
File origin: Hard drive on this computer

Microsoft .NET Runtime - 5.0.17 (x64)

Installation was successful

The following was installed at

- Microsoft .NET Runtime - 5.0.17 (x64)

Resources

Tutorials

JMET Telemetry

Close

2.4.4 Restore database
Restore the database 20231027 CEWAFO.backup provided by DHI using the Database

Manager Utility

2.4.5 Setup

as described in DHI MIKE Operations help.

DHI-GHM - Define Working Directory

The new WorkingDirectory throughout the whole document is set to be the folder “Configuration”
in the created folder.

For example: C:\DHI_GHM\Configuration

It is called WorkDir or “working directory” in the following.
2.45.1 Database

The working directory of a job needs to be set for the following jobs:

0la_GHM_ERAS5
01b_GHM_GFS
0lc_GHM_CFS
05_MakeDailyReport
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The working directory should be set to the same directory as above. To change the working
directory, open the job and change the Value under Properties > WorkDir. Replace TOBEFILLED
with the working directory.

O e

% 01a_GHM_ERAS ' Work Dir
=gt] Properties
- @ ‘orkDir == 21
2] hemGroup v Misc
& [T WorkDi
5 GetData Value TOBEFILLED
#t- % GetHotstarts
2.4.5.2 Initial Batch files
These steps will set up the DHI-GHM model. For detailed description of the folder structure see
section 2.5.1.
1. Unzip the zipFile DHI_GHM.zip, provided by DHI to the location wanted. The containing

drive should have a free capacity of at least 20GB.

2. Inthe folder ..\Batch, relative to WorkDir, run the batch file 00_GetAllData.bat.
This will take a couple of minutes. Wait, until the batch file has been finished. DHI-GHM
data has now been downloaded.
A

| 00_GetAlData.bat
01_ERAS_Prepare.bat
02_ERAS5_LongRun.bat
~ 03_GFS_Prepare.bat

04 _CFS_Prepare.bat

Figure 2.1  Folder with batch files for setting up the System

3.

In the folder ..\Batch, relative to WorkDir, run the batch file 01_ERA5 Prepare.bat. This
will build the hindcast models and simulate the first 3 years as warm up period. This will
take a couple of minutes. Wait, until the batch file has been finished.

The warm up hotstarts can be stored by making a copy of the following folders. They will
be overwritten in the next step:

“..\Hotstartt ERAS\NAM\latest"
- ".\Hotstart\ERA5\Routing\latest"
In the folder ..\Batch, relative to WorkDir, run the batch file 02_ERA5_ LongRun.bat. This
will simulate the hindcast long-run from 1997 till now. This will take some time. Wait, until
the batch file has been finished.

The long-run hotstart files can be stored by making a copy of the following folders. They
will be overwritten by the next hindcast simulation:

- “.\Hotstart\ERA5\NAM\latest"
".\Hotstart\ERA5\Routing\latest"

In the folder ..\Batch, relative to WorkDir, run the batch file 03_GFS_Prepare.bat. This
will build the model files for the medium range forecast. This will take some minutes. Wait,
until the batch file has been finished.
In the folder ..\Batch, relative to WorkDir, run the batch file 04_CFS_Prepare.bat. This
will build the model files for the seasonal forecast. This will take some minutes. Wait, until
the batch file has been finished.
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2.4.6 Database — Email Services

If a job is failing, when running it with “RunAll”’, see section 3.2.1, an email is sent. Emails can be

many, delimited by “;”. The email address must be changed in the following jobs:

- 0la_GHM_ERA5

- 01b_GHM_GFS

- 0lc_GHM_CFS

- 02a_MHB_GFS

- 02b_MHB_CFS

- 03_Maintenance

- 04_DatabaseBackup
- 05_MakeDailyReport

To change the email address, open a job and change the entry under “SendErrorLog” >
“RunScript — SendMail” for P1.

#- & GetData :_ -
@ % GetHotstarts m
- & RunNAM o= 4l |
#- & RunRouting D inti
@ & CopyArchiveHotstarts v _\t”_rptlon DSS Seriot Manager
[#- % StoreResults B iy ,‘ ik
@ & ImportGHMResults Dy rbitatan o
lay N -
= % SendErrorLog E)s'p‘ay s l_inSaﬂ Sandti
+& RunScript - SendMail e T o e
Script /Reporting/SendErorMail
v Optional
I name@provider.com:name 2@provider.com|
P2

Please follow sections 3.5.1 and 3.5.2 to set up email services.

2.4.7 Maintenance
These steps are required to set up the automatic maintenance (backup) of the database.
In the jobs

- 03_Maintenance
- 04_DatabaseBackup

change the Value under Properties > DatabaseBackup_Folder to the folder, where database
backups may be written. Both jobs should receive the same value.

) . r
=gy 02_Maintenance DatabaseBackup_Folder
-l Properties "
i @ scenano_GFS 151!
i @ DatabaseBackup Folder ||, Misc
" modelsehpSasaine DatabaseBackup_Folder
@ AgeloblogToKeep Value TOBEFILLED
- scenano_CFS
“gi| HemGroup

Open the batch file backup.bat, delivered by DHI with a text editor. Update the first 9 rows using
Table 2.4. Save the batch file and import it following section 2.4.8, using the parameters:

- Group = /Maintenance/DatabaseBackup
- Name = backup.bat
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[=] backupbat £

1 fecho off
2 set backupfolder=D:\H TB\Backup
if "1™ NEQ "" SET backupfolder=%1

SET db=H TB CTCN

if "52" NEQ "" SET db=%2

SET user=postgres

if "33"™ MEQ "" SET user=i3

; SET PGPASSWORD=postgres

8 if "&4"™ HEQ "™ SET PGPASSWORD=%4

10 'set psgl=C:\Program Files\PostgreSQL\10\bin\pg dump.exe

1 o h s

Figure 2.2  Preview of the backup batch file

Open the batch file vacuum.bat, delivered by DHI with a text editor. Update the first 10 rows
using Table 2.4. Save the batch file and import it following section 2.4.8, using the parameters:

- Group = /Maintenance/Vacuum
- Name = vacuum.bat

=) vacuum.bat EE]
I |sET db=r_7mB_cTCN
if "%1" NEQ "" SET db=%

SET host=localhost

if "%2" NEQ "" SET host=%2

SET user=postgres

if "%3"™ NEQ "" SET user=%3

7 |SET PGEASSWORD=postgres

8 if "%4™ NEQ "" SET PGPASSWORD=%4

T ISR S

S SET port=5432

10 if "A5" NEQ "" SET port=ib
] echo %host$

15

Figure 2.3  Preview of the vacuum batch file

Table 2.4 Parameter for the database management — batch files.

Parameter Description

Backupfolder Directory path to store the backups in. (can be sent
P through job by setting DatabaseBackup_Folder)
Psal Path to pg_dump.exe in the PostgreSQL. MO 2019
q uses PostgreSQL 10.
Db Database name to backup
PGPASSWORD Postgres password.
Host Hostname of the postgres database

2.4.8 Import a batch file to MIKE Workbench

This step has to be done for the batch-files backup.bat and vacuum.bat, which have to be
modified, saved and reimported into the database in section 2.4.6.

In MIKE Workbench, open the “Document Manager”.

In the tools Explorer, select the tool Import > Import Document.

- Tools Explorer

DocumentExplorerBranch Tools

=g Import

L N import docume

il Stored Sequence

Figure 2.4  Import document tool
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Click on | in url and navigate to the batch file.

['Pmperﬁﬁ o8 x
-
4 H &=

v Paramelers

Thumbnai None

Figure 2.5  Properties (empty) of the import document tool

Add the Group URL and make sure, the name of the imported document is correct.

f Properties 08 x
import document -
il ra &

v Pt.dm
TN C ¢cicemanefbackup bat
Mantenance /Database Backup
Nane backup bat
Thumbnai None

Figure 2.6  Properties (filled) of the import document tool

Click on to execute the tool. The batch file is now imported into the database.

2.4.9 Setup Workbench Simulations

2.4.9.1 |Initial Import

In MIKE Workbench, right click on the Job “00_GHM _Initiallmport” and click on “Execute”. Run
the target “ImportGHMResults” by clicking “OK”.

Job Execution - 00_GHM_ERAS_Initiallmport X
Generd  Sattings
Job Host : job:/Nocalhast o
Target : ImportGHMReaults w
[ Stop the jiob if it runs longer than: . )

o] o

Wait for the job to be finished.
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2.4.9.2 Set Hierarchy script as input timeseries

The Hierarchy can be used to modify input timeseries. Instead for the MHB input timeseries to
direct to a timeseries, the input can be a script, which generates the input timeseries on the fly
and runs a model on them. To do so, the script needs to be set as value for the timeseries
definition. The CEWAFO database contains a modified version of the script, which will set the
needed timeseries definitions to the script “/Hierarchy/InputHierarchy”.

In the script manager, right click on the script “/Hierarchy/Helper/SetinputHierarchyScript” and
click “Run”.

T It et
= Hierarchy
= -mm Helper
i -§ _exportScripts
i Eb' _organizeScripts
i ¢ CopyDefaultHierarchySpreadsheet
» CopyScenariolnputTimeseries
2 CopyScenarioQutputTimeseries
v FilllDefaultHierarchySpreadsheet
2 IncdudeAllinputTimeseriesinScenario
v IndudeAllinputTimeseriesinScenarioFromPath
2 ListModelSetupinputTimeseries
i F ListModelSetupOutputTimeseries
i E$ ListScenariolnputTimeseries
2 ListScenarioOutputTimeseries
i E;‘: MakeLinkedModelTransfers

: E.; SetinputHier, Copy full path Ctrl+Shift+C
B TestHierarchy Cut Ctri+X
E}‘_‘ TenHierarchi -

B TestHierarchy Edit Enter
{oots E; TestHierarchy Run Gir+R
: . ; [

i ¢ InputHierarch :
f g; I:gu!H:::a:ch:'Rl Run (last parameters) Ctrl+Shift+R

The script needs to be run with the following settings:
Setting 1:

Parameter ‘ Value ‘

/Group of
Scenario | Upper_Hong_Thai_binh/Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/GFS
Upper_Hong Thai_binh_With DA

script [Hierarchy/InputHierarchy
Setting 2:

Parameter ‘ Value

/Group of
Scenario | Upper_Hong_Thai_binh/Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/CFS
Upper_Hong_Thai_binh_With_DA

script [Hierarchy/InputHierarchy
Setting 3:

Parameter ‘ Value

/Group of
Scenario | Upper_Hong_Thai_binh/Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_No_DA/GFS
Upper_Hong_Thai_binh_No_ DA

script [Hierarchy/InputHierarchy
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Setting 4:

Parameter ‘ Value ‘

/Group of
Scenario | Upper_Hong_Thai_binh/Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_No_DA/CFS
Upper_Hong _Thai_binh_No_DA

script [Hierarchy/InputHierarchy

2.4.9.3 Create the Hierarchy spreadsheet

In the script manager, right click on the script
“/Hierarchy/Helper/FillDefaultHierarchySpreadsheet” and click “Run”.

E-iffy Database (by Scripts)

- Datalmport

[+ GHM_FileHandling

= i Hierarchy

;= Helper

i B _eportsaipts
By organizeSeripts

A CopyDefauliHierarchySpreadsheet
;“ CopyScenariolnputTimes eries
Lj‘ CopyscenanioOutputTimeseries

g‘ IncludeAlling Copy full path Ctrl+Shift+C
; Includealling Cut Cer+ X
« ListModelSet
E‘j‘ Listhodelset Edit Enter
':‘ ListScenariolr Bun Ciid+R
g ListScenarioC
B MakeLinkedN Run (last parameters)  Ctri+5Shift+R
=1 T

The script needs to be run with the following settings:

Setting 1:

Parameter ‘ Value ‘

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/GFS
Upper_Hong Thai_binh_With DA

Tsfolderl | /Upper_Hong_Thai_binh/ERA5
Tsfolder2 | /Upper Hong_ Thai binh/GFS
Tsfolder3 | /Upper_Hong_ Thai_ binh/CFS

Scenario

Setting 2:

Parameter ‘ Value ‘

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/CFS
Upper Hong Thai binh_ With DA

Tsfolderl | /Upper_Hong Thai_binh/ERA5
Tsfolder2 | /Upper_Hong_Thai_binh/GFS
Tsfolder3 | /Upper_Hong_Thai_binh/GFS

Scenario
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Setting 3:

Parameter ‘ Value ‘

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_No_DA/GFS
Upper_Hong _Thai_binh_No_DA

Scenario

Tsfolderl | /Upper_Hong_Thai_binh/ERA5
Tsfolder2 | /Upper Hong Thai binh/GFS
Tsfolder3 | /Upper_Hong_Thai_binh/CFS
Setting 4:

Parameter ‘ Value ‘

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_No_DA/CFS
Upper_Hong_Thai_binh_No_DA

Tsfolderl | /Upper Hong_Thai_binh/ERA5S
Tsfolder2 | /Upper Hong_ Thai_ binh/GFS
Tsfolder3 | /Upper_Hong_Thai_binh/GFS

Scenario

3 Fill DefaultHierarchySpreadsheet x

() Run with previously used parameter set
Fill Def ault Hisrarchy Spreadshest - /Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh

(®) Fun with new parameter set

Mame Description Value
SCENNo the scenario to fill for AGroup of Upper_Haong_Thai..
.tsfnlderl - TS5 group first pesiod I Upper_Hong_Thai_binh/E...
tsfolder? .TS gmoup second peniod .fUpper_Hung_'I'ha_tur'h.-ﬁFS
tsfolderd TS group third period fUpper_Hong_Thai_binh/GFS|

Cars

Click “Run”.

Make sure, a spreadsheet has been created at “/Hierarchy/Upper_Hong_Thai_binh_With_DA”,
with two sheets

- CFS Upper_Hong_Thai_binh_With_DA
- GFS Upper_Hong_Thai_binh_With_DA

And at “/Hierarchy/Upper_Hong_Thai_binh_No_DA”, with two sheets

- CFS Upper_Hong_Thai_binh_No_DA
- GFS Upper_Hong_Thai_binh_No_DA

They should look similar as:

Page 16



1 Realtime: TRUE

2 Parent scenario:

3 Name ModelSetu AdapterRe Functions...

4 Discharge_ /Models an a6bbf283-2 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thal_binh/CFS/Discharge_TS_Catchment_C1;,TOF;EQS
5 Discharge_ /Models an 3372053e- Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_T5_Catchment_C11;TOF;EOS
6 Discharge_ /Models an 51547e59-( Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_TS_Catchment_C12;TOF;EQS
7 Discharge_ /Models an 19116c21-3 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_TS_Catchment_C14;TOF;EQS
8 Discharge_ /Models ane014a581- Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thal_binh/CFS/Discharge_TS_Catchment_C16,TOF;EQS
9 Discharge_ /Models an ed2f849e-3 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CF5/Discharge_TS_Catchment_C17;TOF;EQS
10 Discharge_/Models an 698133db-i Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_Ts_Catchment_C18;TOF;EOS
11 Discharge_ /Models an cfc8clec-07 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_TS_Catchment_C20;TOF;E0S
12 Discharge_ /Models an 195513b2-: Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_TS_Catchment_C21;TOF;E0S
13 Discharge_ /Models an ecObOcbO-t Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thal_binh/CF5/Discharge_TS_Catchment_C22;TOF;EQS
14 Discharge_ [Models an 4a372424-¢ Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_TS_Catchment_C24;TOF;EQS
15 Discharge_ /Models an 435e1200-¢ Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_TS_Catchment_C26;TOF;EOS
16 Discharge_ /Models anabbd1155-! Raw;/Uppe ¥Raw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Discharge_TS_Catchment_C6;TOFEOS
17 Discharge_ /Models an 61181f92-a Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thal_binh/CF5/Discharge_TS_Catchment_C7,TOF;EQS
18 Runoff_TS_/Models an fee2c9cf-f2 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C10;TOF;EOS

' 19 Runoff_TS_/Models an 3e262559- Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C13;TOF;EOS

20 Runoff_TS_/Models an 61249055-¢ Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C15;,TOF;EQS

21 Runoff_TS_/Models an 45760988-( Raw;/Uppe XiRaw;/Upp XRaw;/Upper_Hong_Thal_binh/CFS/Runoff_TS_Catchment_C19;TOF;EQS

22 Runoff_TS_/Models an 44a9d1b6-« Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C2;TOF;EOQS

' 23 Runoff_TS_/Models an 77736533-¢ Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C23;TOF;EOS

| 24 Runoff_TS_/Models an 6f37belb-2 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C25;TOF;EQS

25 Runoff_TS_/Models an 06661097-! Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thal_binh/CFS/Runoff_TS_Catchment_C27;TOF;EQS

26 Runoff_TS_/Models an 8992c352-% Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C28;TOF;EQS

| 27 Runoff_TS_/Models an 7a263d8c-: Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runcff_TS_Catchment_C29;TOF;EOS

| 28 Runoff_TS_ [Models an 15d7e957-  Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CF5/Runoff_TS_Catchment_C3;TOF;EOS

29 Runoff_TS_/Models anc3a0a70f-1 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thal_binh/CFS/Runoff_TS_Catchment_C30;TOF;EQS

30 Runoff_TS_/Models an d2c3bc55-£ Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C31;TOF;EOQS

| 31 Runoff_TS_/Models an 993d6f36-f Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runcff_TS_Catchment_C32;TOF;EOS
32 Runoff_TS_/Models an 43812b9b-( Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C4;TOF;EOS

33 Runoff_TS_/Models an a91faacd-e Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C5;TOF;EOS

34 Runoff_TS_/Models an 2865d1e6-)(naw;! Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C8;TOF;EOS

35 Runoff_TS_/Models an f8d33133-3 Raw;/Uppe XRaw;/Upp XRaw;/Upper_Hong_Thai_binh/CFS/Runoff_TS_Catchment_C9;TOF;EOS
36

37

2.4.9.4 Test other jobs
Execute the following jobs to make sure, all jobs are set up and working:

- 02a_MHB_GFS

- 02b_MHB_CFS

- 03_Maintenance

- 04_DatabaseBackup
- 05_MakeDailyReport

Follow section 2.9.2 to create job schedules, if the system shall run operationally.

A [ 8 [ ¢ [ | E F | 6 | W [ 1 [ v [T k [

Page 17



2.5 System Architecture

DHI PUBLIC FTP fEWAFO SERVER N
[ Global datasets ] C\
+ ERADS rainfall tPJ
+ ERAS5 temperature DHI-GHM model |
+ ERA5PET Discharge /
*  PET monthly means . intermediate runoff
* GFS Medium range forecast Fz;(i':g s v
+ CFS Seasonal forecast _)
+  Water extent (Sentinel) . MIKEHYDRO
d Basin model
Discharge
I —
> Indicator |
Estimation :
Indicators
N h
Reporting
. J

Figure 2.7  Diagram of the System architecture with link between CEWAFO server and DHI
FTP server

2.5.1 DHI-GHM folder architecture

The chapter describes the folder structure of the DHI-GHM model. The example is based on
ERAS5 DHI-GHM simulations, but other setups would have similar structures.

The System is setup on the virtual machine with the following hierarchy of folders on the parent
folder for “WorkDir”, which was introduced in section 2.4.5. The content of this folder is depicted
in Figure 2.8 and should not be modified.

-\ RedRiverGHM

Mame Date modified Type Size

File folder
File folder
File folder
File folder
File folder

Configuration
Hotstart
Results

Timesernes

I Tools

Figure 2.8 Main data folders for the DHI-GHM component

The content of the main data folders for the DHI-GHM component is described in Table 2.5 and
more details are given in the following sections.

Table 2.5 Folder structure for the DHI-GHM setup, relative to the working directory used in
MIKE Workbench and the DHI-GHM setup

Folder Name ‘ Description
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Contains batch file for the preparation and setup of

.\Configuration\Batch the DHI-GHM.
.\Configuration Main folder for Configuration of the DHI-GHM
.\Configuration\ERAS Example of a DHI-GHM simulation setup. See

further details in section 0.

.\Configuration\setup_nam

Setup files for the NAM execution, including:

- Catchment definitions for each of the runs
- Parameter definition, one for all runs

.\Configuration\setup_routing

Setup files for the Routing execution, including:

Basin definition

Cell weights

Reference to QObs timeseries
Routing groups

Hotstart files for each of the DHI-GHM runs:
- CFS, received from the GFS run

-\Hotstart - ERAS, latest hotstarts, including archived
- GFS, received from the ERA5 run and latest
hotstarts, including archive
.\Results Main folder of the DHI-GHM Results

.\Results\Catchment_DFSO

Postprocessed DHI-GHM result for each of the DHI-
GHM simulations (CFS, ERA5 and GFS) with the
subfolders

- Routed_discharge _to_outlet
- Unrouted _runoff to outlet

.\Results\HTML HTML input for reporting

\Timeseries Collection of all relevant timeseries inputs for the
- DHI-GHM simulations (CFS, ERA5 and GFS)
.\Tools\AzCopy AzCopy executable

.\Tools\FastKinRouter

FastKinRouter executable

.\Tools\GlobalHydroRunner MIKE2022 | GlobalHydroRunner executable

Supporting python scripts and their helping setup
files

.\Tools\py

2.5.1.1 Configuration

A configuration and model folder contains configuration files (.conf), which is read by the
executables described in Table 2.3 during execution and contains run configurations for the
models. The folder furthermore contains a model file (.sim11) and a rainfall-runoff-parameter file
(.rr11). While the latter can be regarded as the catchment parameter template file the model file is
used when building the hydrological component and saved as MIKE 1D-engine model files
(.m21dx). The model files for DHI-GHM’s routing component are stored in binary “.fkrx” format.
Finally, log files are created during execution of DHI's NAM module. Details of each file is given in
Table 2.6.

Each .conf file has various versions:

- Prepare: this is used for the initial prepare run as a warmup period. Here, the model files
are built and the model is run for a small number of years as warmup
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- Standard version (NAM.conf, Routing.conf): configuration files for the Operational system.

T
Configuration\ERA)
~
Mame [ate modified Type Size
. Q’ NAM.conf 1/19/2023 10:08 AM CONF File 1 KB
gﬂ MNAM_Prepare.conf 0/12/2022 12:42 PM COMF File 1KB
o IQ' Routing.conf 1/18/2023 17 AM COMF File 1 KE
* [ 436-436.Flx 12/7/2022 %05 AM FKRX File TKE
¢ [ GHM_340.m1dx 1/30/2023 11:30 AM M1DX File 97,969 KE
o ® default.rrll 971372022 3:27 PM MIKE Zero RR Parameters 12 KB
® GHM.sim11 0/11/2022 11:49 AM MIKE Zero Simulation 3 KB
| ] GHM.emi 0/11/2022 11:49 AM OMI File 1KB
_.' GHM_340.log 12/7/2022 8:54 AM Text Document 1KE
| GHM_340_diaglog 1/30/2023 11;30 AM Text Document 1 KB
=) GHM_340-RRStat tet 2023 11:33 AM Text Docurnent '35 KB
Figure 2.9  Preview of “..\Configuration\ERAS5” folder
Table 2.6 NAM Configuration for the operational ERAS5 simulation

Parameter
name

Value

mldxRunFile 11

.\Configuration\ERAS5\GHM.sim

Description

Relative path to the sim11 file where
specifications can be made:

- Input: path to the dummy “RR
parameter” file

- Simulation: “Time step type” with
“Time step” and “Unit”

- Results: “Filename” as path to
result files ending with res11. Here,
resld files will be written. “Storing
frequency” together with “Time
step” from simulation is used to
define the output timestep.

The sim11 is only read, when building the
model m1dx files, see below.

catchReferen

ceTable hDef ERAb5.csv

.\Configuration\setup_nam\Catc

Path to the catchment reference table, see
2.7.1.2.

It is only read, when building updating the
model m1dx files using
“SkipM1dxConstruction=false” or
“UpdateDfs2Boundaries=true”.

ParReference

Table Def.csv

.\Configuration\setup_nam\Par

Path to the parameter definition file, see
2.7.1.1.

It is only read, when updating the model
mZldx files, using
“UpdateParameters=true”.

HotstartFilePa

th ..\Hotstart\ERA5\NAM\latest

Path to the folder, where hotstarts files
(one for each mldx-model file) are
expected.

SimStart 1997,01,01,00,00,00

Simulation start.
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Parameter
name

’ Value

‘ Description

Can be overwritten by “RuntimeFromDfs2”,
“RunTimeFromHot” and
“HotStartTimeOverwrite”.

Should be specify as Date format

Simulation end.

SimEnd 2022,10,27,00,00,00 Overwritten by “RunTimeFromDfs2"
Should be specify as Date format
Overwrites hotstart time used in simulation
else last time step in hotstart is used.
. Force simulation start. Only used, if
(I—;?/'ésntlvarriglme “RunTimeFromHot=true”. In this case, the
latest values of the hotstart-file are used,
but the time is adjusted.
Should be specify as Date format
Simulation times are taken from the
RuntimeFrom ramfall-jume_serles flle_s, if rjot overwritten by
Dfs2 true a com_blnatlon of settings in
“RunTimeFromHot”,
“HotStartTimeOverwrite”
Use runtime from Hotstart files. In this
] case, hotstart files need to be in place at
RunTimeFro |, o “HotstartFilePath”.
mHot ) _
Can be overwritten using
“HotStartTimeOverwrite”.
Update_DstB false Update boundaries to use Dfs2
oundaries
UpdateParam Update m1dx files with RR parameters
false p »
eters from “ParReferenceTable
If false, build m1dx files from scratch using
SkipM1dxCon true “‘m1dxRunFile”. In this case, it is suggested
struction to set “UpdateDfs2Boundaries=true” and
“UpdateParameters=true”.
FilterOutput true Filter results from elevation zones.
HOtEXDOMEro Time in minutes to extract hotstart, before
po! -1 simulation end. A value of “-1” indicates the
mSOSMin .
last timestep.
IsEnsemble false Is configuration a model ensemble
WriteDfs2Res 0 Write results as dfs2, additionally. O for no,
ult 1 for yes
Write NAM additional output to write
WriteAddFile | false commonly used model states. If false,

Total Runoff is the only NAM output.
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Table 2.7

Parameter name

Value

.\Configuration\
setup_routing\r

Routing configuration for the operational ERAS5 simulation

Description

Tsm3_ all.csv

routingGroups outingGroups.c Relative path to the routing groups definition file.
SV
Relative location of the NAM results, with the beginning
NAMResultFolder - \RESUMS\ERAS of the filename “NAM”. What comes after “NAM” is
\NAM\NAM . . .
used to identify the tile number.
RoutingResultFold ..\Res_ults\ERAS Relative path to the routing results directory.
er \Routing
modelFolder E\F?Aogflguratlon\ Relative path to the model setup directory.
If true, take the model start and end dates from the
RuntimeFromNAM | true NAM results files. If false, take the model start and end
dates from SimStart and SimEnd.
SimStart 2001,01,01,00, | Date to start the simulation, only used if
00,00 “RuntimeFromNAM = False”.
SimEnd 2001,10,01,00, | Date to end the simulation, only used if
00,00 “‘RuntimeFromNam = False”.
Hotstart true If true, initialize the model using the hotstart file. If
false, do not.
SkipFkrxConstructi If true, do not build the fkrx binary files. If false, build
true . ;
on the fkrx binary files.
TimestepRouting 10 Izngernal routing timestep (minutes). Value not to exceed
g'?/;[ilixportFromSO -1 Indicate the timestep to create a hotstart file.
. If true, evaporation from lakes is considered in the
LakeEvaporation true
model.
LakeEvapFactor 1 Scaling factor for lake evaporation.
RealTime false If true, operates in realtime mode.
.\Timeseries\irr
IrrigationTs igation\irrigation | Relative path to irrigation time series file.

savelnflow

true

If true, produce Inflow results file (labelled same as
outflow for each catchment, with “ Inflow” in filename).

2.5.1.2 Hotstart

The hotstart folder contains all the files used as hotstart by DHI-GHM model.
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N\Hotstart) ERASNAM
Marme - Date modified Type Size

" latest 1/27/2023 11:33 AM File folder
E 2022101 0000000, zip 10/17/2022 11:13 AM Compressed (zipp... 204 KB

‘ lE 20221071 17000000 zip 10/18/2022 3:01 AM Compressed (zipp... 822 KB

* & 20221012TD00000.zip 10/19/2022 2:03 AM Compressed (zipp... 210 KB

-+ ? 2022101 3T000000.zip 10/20/2022 3:01 AM Compressed (zipp... 805 KB

-+ ? 20221014T000000.zip 10/21/2022 3:01 AM Compressed (zipp... 804 KB
g 2022101 5TO00D00.zip 10/22/2022 3:01 AM Compressed (Zipp... 796 KB
? 20221016 TDDOD0D.zip 10/23/2022 3:01 AM Compressed (zipp... TE7 KB
Iil 2022101 7TDO0000.zip 10/24/2022 3:01 AM Compressed (zipp... 781 KB
? 2022101 8TO00000.zip 10/25/2022 3:01 AM Compressed (zipp... 781 KB
? 20221019T000000.zip 10/26/2022 11:11 AM Compressed (zipp... 781 KB
? 20221020T000000.zip 10/27/2022 3:01 AM Compressed (Zipp... 796 KB
E‘ 20221025 TDDOD0D.zip 11/1/2022 3:01 AM Compressed (zipp... 796 KB
@ 20221026 TODOD0D.zip 11/2/2022 3:01 AM Compressed (zipp... 794 KB
? 20221027 TO00000 zip 11/8/2022 10:48 AM Compressed (zipp... 793 KB
£ 20221120T000000.zip 11/28/2022 10:49 AM Compressed (zipp... 807 KB
'E' 202211 217000000 zip 11/28/2022 11:31 AM Compressed (zipp... 307 KB
¥ 20221122T000000.zip 1142672022 11:31 AM Compressed (7ipp... 802 KB

Figure 2.10 Preview of NAM hotstart folder with the latest hotstart and zipped archives

“Hotstart\ ERAS\NAM\latest

Mame Date modified Type Size

D GHM_340.202301 20TOD0000.5ta 1d 1/27/2023 11:33 AM STA1D File 6,968 KB

Figure 2.11 Latest hotstart file of the NAM
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Hotstart, ERAS Routing
Marme Date modified Type Size
. latest 172772023 11:33 AM File folder
5‘ 202210 7T111324.zip 10/17/2022 11:13 AM Compressed (zipp... 24 KB
‘ E 2022101870201 1 .zip 101872022 2:01 AM Compressed (zipp... 24 KB
* E 20221019T030324.zip 10/19/2022 3:03 AM Compressed (zipp... 24 KB
* i 20221020T030111.zip 10/20/2022 3:01 AM Compressed (zipp... 24 KR
o+ 5 20221021T030115.zip 10/21/2022 3:01 AM Compreszed (zipp... 24 KB
g 20221022T030117.zip 10/22/2022 3:001 AM Compressed (zipp... 24 KB
g 20221023T030115.2ip 10/23,/,2022 3:01 AM Compressed (zipp... 24 KB
i 20221024T020124.zip 10/24/2022 301 AM Compressed (zipp... 24 KB
i 20221025T030118.zip 10/25/2022 301 AM Compressed (zipp... 24 KB
§ 20221026T111123.zip 10/26/2022 11:11 AM Compressed (zipp... 24 KB
g 20221027T030110.zip 10/27/2022 3:01 AM Compressed (zipp... 24 KB
; 20221101 T030106.2ip 11172022 3:01 AM Compreszed (zipp... 24 KB
Figure 2.12 Routing hotstart folder with the latest hotstart and zipped archives
"Hotstart\ERAS\Routing' |latest
Mame Date modified Type Size
@' 436-436_hot.csw 172772023 11:33 AM CSV File 52 KB
Figure 2.13 Latest hotstart of the routing
2.5.1.3 Results
The Results folder contains the result files of the DHI-GHM model.
Mame [ate modified Fype Size
" g 436-436.cov 172772023 11:33 AM CSV File 27 KB
g 436-436_hot.csv 172772023 11:323 AM CSV File 52 KB
o Q’ 436-436 Inflow.csv /2772023 11:33 AM C5V File 28 KB
+

Figure 2.14 Routing result folder after the last simulation

[ 436436 csv 3 |
Date, 436850090500, 43€890050400,436850050300, 436850050200,43685%0050100, 436850080200, 436850080:

1

2 2023-01-1% 00:00:00,0.1586,0.3698,0.7076,0.59524,1.305,0.2838,0.6275,2.352,0.1895,0.2052,0.48!
3 2023-01-20 00:00:00,0.1508,0.3531,0.6772,0.59123,1.251,0.2718,0.6017,2.258,0.1813,0.15685,0.4¢!
4

Figure 2.15 Latest routing result file
Catchment DFSO

Timeseries are extracted from DHI-GHM results at locations as listed in Appendix E and using
upstream catchments as in table Appendix F.
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They are stored at a location as:
- Location: “..\Results\Catchment_ DFSO\ERA5”

\Results\ Catchment_ DFSMERA

~

Mame Date modified Type Size
Routed_discharge_to_outlet 11182022 1(:13 File falde
Unrouted_runcff_to_outlet 11,/18/2022 10:14 Ab File folde

Figure 2.16 Main folder for extracted results

After extraction, timeseries from ERA5, GFS and CFS are stored to the MW database, where the

model is run.

Bottom nodes are the outlets of a basin (most downstream points). Top nodes are the bottom

nodes of catchments discharging to the basin.

All upstream basins of each basin of interest (top or bottom node basins) are stored in
".\Tools\py\SetupFiles\Upstream_PFAF_ID.csv". The table is depicted in Appendix F.

For each bottom node basin, a full list of top node basins is stored in

".\Tools\py\SetupFiles\NAWAPI_CatchmentNodes.yml", which’s content is shown in Appendix E.

- The script ".\Tools\py\ExtractTimeseries.py" is used for the result extraction. It produces

two kind of outputs:Discharge: extracted values from results-csv

- Runoff: sum runoff of all upstream pfaf-ids and subtract summed runoff from top-nodes

pfaf-ids

Routed discharge to outlet

DHI-GHM results at locations as listed in Appendix E and using upstream catchments as in table

Appendix F.
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"Results\Catchment DFSOWERAS\Routed_discharge to_outlet
~

Mame Date modified Type Size

‘ Discharge_T5_Catchment_C1.0fsD 1/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
‘ Discharge_T5_Catchment_C2.0fs0 1/2772023 11:34 AM MIKE Zero Time 5... 243 KB
W Discharge_TS_Catchment_C3.Dfs0 1/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
W Discharge_T5_Catchment_C4.Dfs0 172772023 11:34 AM MIKE Zero Time 5... 243 KB
| Discharge_T5_Catchment_C5.0fs0 1/2T/2023 11:34 AM MIKE Zero Time 5... 243 KB
) Discharge_T5_Catchment_C6.Dfs0 172772023 11:34 AM MIKE Zero Time 5... 243 KB
» Discharge_T5_Catchment_C7.Dfs0 1/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
‘ Discharge_T5_Catchment_CB.Dfs0 1/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
' Discharge_T5_Catchment_C8.0fs0 1,/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
P Uischarge_T5_Catchment_C10.0fs0 172772023 11:34 AM MIKE Zero Time 5... 243 KB
» Discharge_T5_Catchment_C11.0fs0 1/27/2023 11:34 AM MIKE Zero Time 5. 243 KB
) Discharge_T5_Catchment_C12.Dfs0 12772023 11:34 AM MIKE Zero Time 5... 242 KB
» Discharge_T5_Catchment_C13.Dfs0 1/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
‘ Discharge _T5_Catchment_C14.0fs0 1/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
‘ Discharge_T5_Catchment_C13.0fs0 1/2772023 11:34 AM MIKE Zero Time 5... 243 KB
» Discharge_T5_Catchment_C16.0fs0 1/27/2023 11:34 AM MIKE Zero Time 5... 243 KB
o o o g AP ENF 4 pnym sy 99 N5 R PTErS ] T 3 o eEy

Figure 2.17 Routed discharge timeseries files from ERA5

ﬁ MIKE Zero - [Discharge_TS_Catchment_C12.Df<0]
W File Edit View Settings Tools Window Help
D288 ew |Qaaa? 0B |Awr@ ot
Time 1:Discharge [m
[ 1/1/1997 00:00: 105.8
1 1/2/1997 00:00: 1024
300077 2 173/1997 00:00: 9849
3 1/4/1997 00:00: 9459
4 1/5/1997 00:00: 90.62
B0 5 17671997 00:00: .55
& 1/7/1997 00:00: 83.86
20004 |t 7 1/8/1997 00:00: 81.34
B 179/1997 00:00: 7931
[ 1/10/1997 00:00 T
oot -840 10 1/11/1997 00:00 76.06
11 1/12/1997 00:00 T4.64
12 1/13/1997 00:00 73.28
Jrove I BN N 13 1/13/1597 00:00 EiEA
14 1/15/1997 00:00 7054
15 1/16/1997 00:00 60.16
sood-F R 16 /1771997 00:00 67.83
17 1/18/1997 00:00 66.61
18 1/19/1997 00:00 6547
[ﬁ 19 1/20/1997 00:00 64.32
2000-09 2010-19 20 1/21/1997 00:00 63.13
2 1/22/1997 D0:00 5104

Figure 2.18 Example of a routed discharge timeseries from ERA5

Unrouted runoff to outlet

Intermediate runoff is calculated DHI-GHM results at locations as listed in Appendix E and using
upstream catchments as in table Appendix F.

For each station, the runoff is calculated, which has been generated from it’s last upstream
points, used in the MHB setup, to the point itself.

Page 26



)oui)

\Results\Catchment DFSO\ERAS\Unrouted runoff to outle
Name Date modified Type Size
W Runoff_TS_Catchment_C1.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S. 243 KB
W Runoff_TS_Catchment_C10.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S, 243 KB
W Runoff_TS_Catchment_C11.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S. 243 KB
W Runoff_TS_Catchment_C12.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S.. 243 KB
P Runoff_TS_Catchment_C13.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
W Runoff_TS_Catchment_C14.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
W Runoff_TS_Catchment_C15.Df<0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
P Runoff_TS_Catchment_C16.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
W Runoff_TS_Catchment_C17.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
W Runoff_TS_Catchment_C18.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
W Runoff_TS_Catchment_C19.Dfs0 1/27/2023 11:34 AM MIKE Zero Time 5. 243 KB
P Runoff_TS_Catchment_C2.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
P Runoff_TS_Catchment_C20.Df<0 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
P Runoff_TS_Catchment_C21.DfsD 1/27/2023 11:34 AM MIKE Zero Time S... 243 KB
P Runoff_TS_Catchment_C22.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S, 242 KB
W Runoff_TS_Catchment_C23.Dfs0 1/27/2023 11:34 AM MIKE Zero Time S, 243 KB
LW Runoff TS Catchment €24 Df<D 1/27/2023 11:34 AM MIKE Zera Time S 243 KR
Figure 2.19 Unrouted runoff timeseries files from ERA5

. . Time 1:Discharge [m|

; 5 D 1/1/1997 00:00: 92,9136

; ; ; 1 1/2/1957 00:00: 892511

S I e A 2 1/3/1997 00:00: 85.9084

] i : 3 17471997 00:00: 82,9676

11| 5 2 17571997 00:00: B0.4745

BT B 5 1/6/1997 00:00: 78,3838

5 5 3 17771997 00:00: 76.5837

R 1 T 7 1/8/1997 00:00: 749737

2000 i I : ] 1/9/1957 00:00: 735182

il 5 9 171071997 0000 72.1692

3 H I 10 1/11/1997 00:00 70.857

: ; 11 1/12/1997 00:00 595818

i i 12 171371997 00:00 68.2839

’ o 3 171471997 00:00 86.551

! 14 1/15/1997 00:00 65,6144

i 15 1/16/1997 00:00 64.3027

AP RE 16 1/17/1997 00:00 £3.0382

: 17 1/18/1997 00:00 §1,9507

; 18 1/19/1997 00:00 60.897

19 1/20/1997 00:00 59,7339

2000 - 09 2010 -19 20 1/21/1997 00:00 58.5347

21 1/22/1997 00:00 57.3763

Figure 2.20 Example of an unrouted runoff timeseries from ERA5
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2.5.1.4 Timeseries

The timeseries folder includes the forcing data needed for the DHI-GHM to run. The data usually
comes in dfs2 format, where the irrigation timeseries comes as .csv file.

A\ Timesenes\evaporation

Mame Date modified Type Size

W 34002 1/2772023 %13 AM MIKE Zera Data M... 628,697 KB

Figure 2.21 Folder with the evaporation dfs2 file for hindcast simulations

H pt_pet Mavigation b4
pt_pet [mm]
B :vove-07s Layer
= 80 --1.ﬂ'ﬂ——ﬂ.?5 0 1]
] 125 --1.00
=
e 9-1_5;.--1_25 0
= 2175 1,50
pa 60 P -z00--178 Time Step
2 -225--2.00 0 16090
= 250--225
8 40 275..250 16090 [ ]
il Bl -:o0--275
2 335300 21202 12/1979  21/202
2 20 350--325 3 A 3
-3.75--3.50
400--375 Item

B 00

0 50 y
(Grid spacing 0.1 degree) H Undefined Valug
12112023 12:00:00 AM, Time step:; 16090, Layer: 0

Close |
0
Figure 2.22 Evaporation dfs2 files used for hindcast simulations
A Timesenes\rainfall_erad
~,
MName Date modified Type Size
‘ 340.dfs2 1/27/2023 9:06 AM MIKE Zero Data M... 628,619 KB

Figure 2.23 Folder with the rainfall dfs2 file for hindcast simulations
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Mavigation X

tp [mm]
B :cove 250 Layer
= E 3.25-3.50 ] )
= 3.00- 3.25
g 275-3.00 L_° A
= % 250-275
= 225-250
E’ . 2,00-2.25 Time Step . ose
= 1.75-2.00
§ = 1.50-1.75 ﬁ' .
1.25-1.50 h
E . 1.00-1.25 1f20/202 1/3/1579  1/20/202
- 0.75- 1.00 3 12:00:00 3
B oc:o-07s
Bl o02s-050 Ttem
0.00-0.25 b ]
0 50 ! Below 0.00
(Grid spacing 0.1 degree) H Undefined Valuel

2072023 12:00:00 AW, Time step: 16088, Layer: 0

Cose
Figure 2.24 Precipitation dfs2 file for hindcast simulations
\Timesenes\temperature_era’
Mame Date modified Type Size
P 340.df<2 1/27/2023 %16 AM MIKE Zero Data M... 2,514,786 KB

Figure 2.25 Folder with the temperature dfs2 file for hindcast simulations

W a0
Navigation X
t2m [deg C)
Bl 2bove 175 Layer
— E 150- 175 0 0
@
@ 125- 15.0 0
by 10.0- 125 L I .
b 1 75- 100
o 50- 7.5 Time Step
g ] 5- 50 0 64363
S i 00- 25
a = Bl 2s- oo 64363 a
" )
2 : Ll ?g fg 120/202 1/1/1979  1/20/202
e 4 ! 100. 75 3 12:00:00 3
i 125--10.0
: B so0--125 Item _
-175--15.0
0 50 Below -17.5
(Grid spacing 0.1 degree) [ Undefined Vaiue

112072023 6:00:00 PM, Time step: 64363, Layer. 0

Figure 2.26 Temperature dfs2 file for hindcast simulations
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2.5.15 Tools
In the Tools folder, the tools for the DHI-GHM can be found:

- FastKinRouter: the routing component of the DHI-GHM
- GlobalHydroRunner_MIKE2022: the NAM component of the DHI-GHM
- Py: pre- and postprocessing scripts and their setup files for the DHI-GHM

DA

=

Mame Date modified Type Size
FastKinRouter 2/9/2022 4:16 PM File folder
GlobalHydroRunner_MIKE2022 9/28/2022 4:32 PM File folder
Py 171972023 10:02 AM File folder

Figure 2.27 Preview of the Tools folder

AzCopy

AzCopy is used to download GHM files from a secure Azure blob-storage, where DHI updates the

data daily.

me Share View

0 » ThisPC » 0S(C) » DHI.GHM > Tools » AzCopy

~ N

Date modified

{ame
[Cess A
L% azcopy 20/9 63
P of = .
| NOTICE 20/9/2023 16

Figure 2.28 Preview of the AzCopy tools folder

FastKinRouter

Rioois\Fasthunouten

| DHI.Chart.Map.dil

| DHI.Generic.MikeZero, DFS.dl

7 DHI.Generic.MikeZera EUM.dII
%] DHI.Mike1D.Generic.dll

‘%] DHLMike1D.ResultDatafccess.dll
‘%] DHIPFS.dI

%] DHI.Projections.dll

| FestkinRouter.deps.json

4| FastKinRouter.dll

(5] FastiinRouter.exe

022 10:46 AM

1503 PM

[¥] FastKinRouter_DA.exe 32
4 ijwhost.dl 7
< System.CodeDom.dll 10/23/2021 1:49 AM
_-i System.Management.dil 10/23/2021 1:31 AM

Name Date modified Type
ref File folder
runtimes File folder

Application exten...
Application exten...
Application exten...
Application exten...
Application exten...
Application exten...

Application exten...

JSOM File

Application exten...

Application

| FastKinRouter.pdb PDB File
__| FastkinRouter.runtimeconfig.dev.json JSON File
__| FastkinRouter.runtimeconfig.json JSOM File

Application

Application exten...
Application exten...

Application exten...

BKE
265 KB
A KB
1,311 KB
289 KB
52 KB
45 KB
13KB
92 KB
63 KB
54 KB
1KB
1KB

63 KB
335 KB
181 KB
T1KB

Figure 2.29 Preview of the FastKinRouter too

| folder
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GlobalHydroRunner_MIKE2022

obalHydroRunner MIKE20Z22
MName Date m&dlflgd Type Size
] GlobalHydroRunner.exe 1041772022 T:57 AM Application 81 KB
_1 GlobalHydroRunner.exe.config 10/17/2022 T:57 AM COMNFIG File iKB
j GlobalHydroRunner,pdb 101772022 T:57 AM PDE File 176 KB
jl DataAssimilation.dll 101772022 T:57 AM Application exten... 23 KB
) Datafssimilation.pdb 1041772022 T:57 AM PDE File 104 KB
(1] ExtendedSnowModel.exe 10/1772022 T:57 AM Application 69 KB
j ExtendedSnowhModel.pdb 10/1772022 T:57 AM PDB File 188 KB
j DHI.Mike1D.M11Bndge.dl| 9/16/2022 8:39 AM Application exten... 17E KB
_1 ExtendedSnowModel.exe.config 9/16/2022 8:39 AM COMFIG File 2 KB
| DHI.Mike1D.MzCouplings.di 5/12/2022 %:41 PM Application exten... 61KE
_] DHI.Mike1D. StructureModule.dll 3122022 T:41 PM Application exten... 450 KB
_] DHLMike1D.SimLauncher.dll 1272022 T:41 PM Application exten... 35 KB
j DHI.Mike1D.RainfallRunoffModule.dll 5/12/2022 T-A0 PM Application exten... 300 KB
j DHI.Mike1D.ResultDatabccess.dll 5/12/2022 T:40 PM Application exten... 451 KE
_1 DHI.Mike1D.Optimization.dll 51272022 7:40 PM Application exten... KB
i| DHIMike1D.NetworkDatadccess.dll 31272022 T:40 PM Apphcation exten... 20 KB
jl DHLMike1D.Mike1DDataticcess.dll 3272022 T:40 PM Application exten... 3T KB
_I DHI.Mike1D.HDParameterDatatccess.dll 31272022 T:40 PM Application exten... N2KE
j DHI.Mike1D.Generic.dll 5122022 T:39 PM Application exten... 1,321 KB
j DHL.Mike1D.FloodMap.dil 5/12/2022 T:39 PM Application exten... 29 KB
j DHL.Mike1D.Engine.dll 571272022 T:39 PM Application exten... 1,245 KB
2] DU Wil oY Diabafecienilating bl ds e A1l £/43/I037 T.20 DA Arnlicatinn evten 11 KD
Figure 2.30 Preview of the GlobalHydroRunner_MIKE2022 folder
py
ook o)
~
Mame Date modified Type Size
SetupFiles 1/3/2023 1:16 PM File falder
_1 ExtractTimeseries.py 1/19/2023 8:16 AM P File B KB
| GenerateReportingHTML.py 1/4/2023 10:428 AM P File 12 KB
|| Store1DResults.py 12/7/2022 7:35 AM PY File 6 KB
_] UpdateConfig_GFS.py 1/19/2023 7:39 AM P File 2KB
[ 7] UpdateNAMConfig_CFS.py 10/24/2022 1:26 PM PY File 2KB

Figure 2.31 Preview of the py tool folder
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Rcoktonsetupries

Mame Date modified Type Size

| NAWAP|_CatchmentMNodes.yml 1/10/2023 %57 AM ¥ML File IKB
| MAWAP|_Repaorting.yml 1/9/2023 7:55 AM ¥ML File 6 KB
i Upstream_PFAF_ID.csv 1/10/2023 10:00 AM C5V File 12 KB

Figure 2.32 Preview of the py tool setup folder folder

2.5.2 MIKE HYDRO Basin

The MIKE HYDRO Basin model (as described in Section 2.7.2) is registered in the MIKE
Workbench database as illustrated in Figure 2.33.

: Scenarios o x

= E Models and Scenarios
- Comparison Configuration
= i Model Setups
- Group ofUpper_Hong_Thai_binh
=il Upper_Hong_Thai_bink_No D#
i.-w CF5Upper_Hong_Thai_binh_No_Da
i@ GFSUpper_Hong_Thai_binh No DA
i B -¢ Hindcast Upper_Hong_Thai_binh Mo Da
i--- Upper_Hong_Thai_binh_With D,
il-=@ CF5Upper_Hong_Thai_binh_With DA
+1-w3 GFSUpper_Hong_Thai_binkh_With DA
: o Hindcast Upper_Hong_Thai_binh_With DA

Figure 2.33 Preview of the scenario manager with the MIKE HYDRO Basin model setup.

There are two versions of the model registered:

- Upper_Hong_Thai_binh_No_DA: this model is registered and set up to simulate without
data assimilation (DA) at reservoirs

- Upper_Hong_Thai_binh_With_DA: this model is registered and set up to simulate with DA
at reservoirs

It should be noted that three scenarios are derived from each model setup:

e GFS - medium range forecasts

e CFS —seasonal forecast

e Hindcast — this scenario is only run once and used to derive long term statistics and for
validation. In the operational runs, CFS and GFS will simulate a longer hindcast period.

The scenario configuration for the GFS with DA is shown in Figure 2.34. GFS scenario without
DA has the same configuration. CFS with DA scenario has a similar configuration whereas CFS
without DA has the same configuration as CFS with DA.

The modelling framework for MHB is described in section 2.7.2.

Page 32



| Properties ogx
Scenana - GFS Upper_Hong_Thai_bich_With_DA -
=Y

o 2

~ General Properties

Description Scenario
Scenario Name GFS Upper_Hong_Thai_binh_With_DA
SimulationTimesOption RelativeToDay
v Initial Conditions
Upper_Hong_Thai_binh_With_DA Upper_Hong_Thai_binh_With_DA
v Scenario settings
Checkout folder

Generate change log False
Generate Input time seres Variations
Store cimulation content True
Store simulation input time series Variations
Time series Interval FullTimeseries
v Script
Post-processing script
Pre-processing script
v Simulation times

Forecast period 14.00:00:00
Hindcast period 2200.00:00:00
Period offset 0.00:00:00
Time of day 06:00:00

~  Simulation times preview
Calculated end time

Calculated time of forecast

alulated start time
Test run time 10/24/2023 3:01:00 PM

Scenario Name
Name of the selected scenario,

Eene!dl Change log entries  Metadata

Figure 2.34 Properties of the GFS Scenario (Medium Range Forecast)
The table below gives an overview of the main scenario settings:

e Hindcast period warmup period used for ensuring proper initial conditions
e Forecast period that covers the same period as available in the weather/climate forecast.

Table 2.8 Main properties of the MIKE HYDRO Basin Scenarios

Scenario Hindcast period Egrrieocdast
GFS Medium Range Forecast with DA 2200 days (= 6 years) 14 days
CFS Seasonal Forecast with DA 2200 days (= 6 years) 270 days
GFS Medium Range Forecast without DA | 2200 days (= 6 years) 14 days
CFS Seasonal Forecast without DA 2200 days (= 6 years) 270 days

2.6 Data Acquisition

2.6.1 DHI-GHM Forcing data

Forcing data for the DHI-GHM is pre-processed in the DHI internal system to a format, that the
DHI-GHM can consume (dfs2 file format). Data is then stored on a secure Azure blob-storage,
from where it can be downloaded. The tool AzCopy.exe is used from synchronising the blob-
storage with a local repository on the server with input files (See section 2.5.1.4).

The data download and process frequencies are:

- Dalily for hindcast and seasonal forecast data
- 3hourly for medium range forecast data
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B Routing corf £3 =] CopyERAS_from_Azure bat E3

1 Eecho off
2 setlocal
pushd "%~dD%~p0™

set workdir=

%% .. \Timeseries
N\, . \Tools\AzCopy\azcopy.exe

set
set

0 -1 Mot b W

set sastoken="https: /Kwrdglobaldatasets blob.core.windows.net/nawapi/rainfall era5/*?sp=rl&st=2023-09-19T12:48:212&52=2073-09-

"3tool3t™ copy %s "t tsd \Ialjfall erai”™ —-recursive

2 set sastoken=" 1ttp5 /Kwrdglobaldatasets blob.core.windows.net/nawapi/temperature era5/* ?sp=rl&st=2023-09-19T12:48:21Z&5e=2073

"%tool¥™ copy % "$tsd \tEEpEIaEJIE eraS" --recursive

5 set sastoken=" '1t,tp5 j/wrdglobaldatasets blok.core.windows.net/nawapi/evaporation priescly taylor hindcast/*?sp=rl&st=2023-09-.

16 "%tooli™ copy * "ttsdirt\evaporation priestly taylor_hindcast" --recursive

Figure 2.35 Snippet of the batch file to download ERA5 data from DHI's Azure blob-storage.
“workdir” as input parameter is to be set as the “WorkDir” in the calling job in
MIKE Workbench.

The following datasets are downloaded:

- ERAS5 rainfall

- ERAS temperature

- Priestly Taylor Potential Evaporation (PT_PET) hindcast
- CFS Medium range forecast

- GFS Seasonal forecast

- PT_PET forecast

2.6.2 Reservoir Level and Storage Detection

A spreadsheet has been prepared in MIKE Workbench (/Reservoir Curves/Curves) for handling
the surface water extend timeseries data from earth observations.

<3 MIKE Workbench - workspacel

Connection  VMiew  Settings  Help

Spreadsheet X

= l?.; Database (by Group)
l - Datalmport
[+ Hierarchy
ModelOutput
Reservoir Curves

£

B9 Gis| B scripts| = Scenarios| bt Time series |[B Spreadsheet |
| admin | Connected to: NAWAP| workspacel@localhost: 5432 | Status: Deleting mode! setup "Upper_Hong_Th

Figure 2.36 Location of surface water extend data handling spreadsheet.
The worksheet for surface water extend contains 12 sheets:

1. Mapping sheet
2. The remaining 11 sheets hold the Level-Area-Volume relations for each reservoir. These
sheets are named after each reservoir.
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2.6.2.1 Mapping worksheet

The Mapping worksheet, see Figure 2.37 below, is a single sheet containing information about
what model object name relates to which reservoir name (sheet name of reservoir with LAV

curve) and timeseries path.

ﬁ Start Page E% NewStoragel =3 Hindeast Upper_Hong_Thai_binh_Final Cunrcsl

(H- B ¥ E W R LG el 5 50 BB -

[p21 ~|
A B C D E

1 ModelObjectName SheetName Timeseries_Path
2 DA_R70.dfs0- 1-R70|Water Level Gelantan /Observed/Reservoir Surface Area/DA_R70
3 DA_RG8.dfsD-1-R68|Water Level Jupudu fObserved/Reservoir Surface Area/DA_RG8
4 DA_R2.dfs0- 1- R2|Water Level Yayangshan /Observed/Reservoir Surface Area/DA_R2
5 DA_RG0.dfsO - 1-R60|Water Level shimenkan fObserved/Reservoir Surface Area/DA_RGO
6 DA_RG2.dfsD- 1 - R62|Water Level Longma /Observed/Reservoir Surface Area/DA_RG2
7 DA_R64.dfsD- 1 - R64|Water Level Puxigiao fObserved/Reservoir Surface Area/DA_R64
8§ DA_RG6.dfsD-1- R66| Water Level Sinanjiang fObserved/Reservoir Surface Area/DA_RG6
9 DA_R72.dfs0- 1-R72|Water Level Nalan /Observed/Reservoir Surface Area/DA_R72
10 DA_R74.dfs0- 1 - R74|Water Level Nansha fObserved/Reservoir Surface Area/DA_R74
11 DA_R76.dfsD- 1 - R76|Water Level Madushan /Observed/Reservoir Surface Area/DA_R76
12 DA_R78.dfs0- 1 - R78|Water Level Malutang fObserved/Reservoir Surface Area/DA_R78
13

14

15

16

17

12

13

20

21 —1

W 4 » M\ Config /Gelantan /Jupudu /Longma /Yayangshan / Sinanjiang / Shimenl €

hai_binh_DA" and content ..

Figure 2.37 Mapping worksheet holding the relation between model object names, reservoir

names, and time series path.
The mapping sheet contains the following:

1. Model Object Name

Name of the model object containing the output timeseries
2. Sheet Name

The name of the sheet where the LAV relations are stored
3. Timeseries Path

Path to the observation time series collected and stored

2.6.2.2 Reservoir LAV relation sheets

There are 11 sheets, one per reservoir, holding the LAV curves relations, see example below for
Gelatan reservoir. Each reservoir sheet contains the following columns level, area and volume.
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- =
I

ﬁ Start Page E%‘ NewStoragel =3 Hindcast Upper_Hong_Thai_binh_Final Curvcs'] X

HSM R RSN N AR AT < 1

o3 g |
A B | c [ o | e | fF | 6 | H | J K Lo~

1 Level(m) Area{km2] Volume

| 2 | 371 0.0282695 0.068532224

3 376 0.0985151 0.423186486 1

| 4 | 381 0.2055967 1.213877025

ER 386 0.3786405 2.689033156

6 391 0.6176467 5.244428474

| 7| 396 0.9431747 9.324665786

8 401 1.295253 15.02140694

EN 406 1.7193022 22.72271566

10| 411 2.1587651 32.647835506

11 416 2.6787533 44.96056584

12 421 3.2912601 60.19442267

13 426 3.8952003 78.42313772

14 431 4571956 99.92683644

15 436 5.3035375 124.9231086

16 441 6.0788083 153.7400524

17 446 6.8780654 186.4984556

18 451 7.7766942 223.5264165

19 456 8.7481384 265.3559163

20 461 9.6639003 311.8224778

| 21 | 466 10.541969 362.7110811

| 22 | 471 11.388342 418.0448557

23 476 12.231283 477.5548128

| 24 | 481 13.014269 541.0687651

25 486 13.77926 608.4239486 Y

4 4+ w[ Config’ Gelantan /Jupudu /Longma ; ¥ayangshan Sinanjiang /Shimenkan ;/ Puxigia < >

Figure 2.38 Preview of Level-Area-Volume relation for Gelantan

2.6.2.3 Data download

A custom-made script has been prepared in MIKE Workbench under script
(/Datalmport/ImportEOData) for downloading the processed surface water extend timeseries for
11 reservoirs. The data is retrieved from DHI’s public ftp server, see below Figure 2.39. This
script reads data in a csv format file, converts it into timeseries objects and stores it on the

database.

<2 MIKE Werkbench - workspacel

temp_file = tempfile.NamsdTemporaryFile (mode='u')
temp_file_path = temp_file.name

temp_file.close()

for name in config_paths.keys():

4 ts_path = config_paths[name]

ts_values = []

6 for pair_value in list_values:

37 if pair_value["name"] == name:
ts_values.append (pair_value)

3 sorted(ts_values, cmp= valuepair_compare)

4 _update_timeseries_db(ts_path, ts_values)

Connection  View Settings Help
: Scripts || A Start Page [ =3 Hindcast Upper_Heng_Thai_binh_Final [ Curves™ [
=i Database (by Scripts) (S S P mpottoDae - L& BE F IR % %35 -E
Datalmport 1 import ftplik
L‘"“E“"::F ssoToo! 2 import System
B ‘ ‘)D 0Te0 3 from System import DateTime
Pty Eietandiing 4 | from System.IO import *
Hierarchy from System.Globalization import *
LAV, Curves import subprocess
Maintenance 7 import clx
Processing import os.path
Repaorting import tempfile
Util il import shutil
5 AssociateTSRecursive 1
B Calculatelongtermstatistics 120 sprMgr = app.Modules.Ge )
By crawter 13| tmgr = app.Medules.Get(
B getFileDates N
%—‘ ProducelTStatistics "c [Fdef ImportEOData(spresadsheetPath):
& RemoveassociationsRecursive ~
% RunDEV o <Seripts
E# scripthiame I <Author>EJME</Author>
s <Description>Updates reservoir water extend from satelite data. Obssrvations of reservoir water excend from satelite missions are processed|
2 <Paramecers>
- <Parameter name=vspreadshectPath” type="string">EQ Setup spreadshest</Parameters
22 </Parameters>
- </Script>
. try:
2 is_download = _download from ftp("ftp.dhigroup.com", "/puk/NAWAPI/reservoir_levels/", "tead2", Muith-Milk", temp_file_path)
0 3 if is download == True:
1 list_values = _read osv_eo(temp_file path)
2 config paths = _read reservoir curves_spreadsheet (spreadshestPath)

Figure 2.39

ImportEOData script for 11 reservoirs from DHI's public FTP server.
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/ImportData/ImportEOData script uses the timeseries ids from the mapping sheet in the
/Reservoir Curves/Curves worksheet for storing the observed water surface extend timeseries in
the respective path as shown below in Figure 2.40.

[ MIKE Workbench - workspace1

Connection  View  Seftings  Help

Tirne series x| Stort Page [Z¢ NewStoragel =8 Hindcast Upper Hong Thai_binh_Final Curves” [¢ DownloadEcinput| % 01a GHM_ERAS | %% 05 Maintenance

- Database by Group) S-BE g P-Q8 K e
@ LongtermStatistics

@ Model Output

@ Models and Scenarios 10—

W Observed

-l Reservoir Surface Area

L DAR2

| BacMe_Q
| BaolacE
| Baolac.Q
| BaolacX 74
| Baoven_H

| Baoven_Q

| DaoDucH

| DaoDuc@

| GhenhGa_H

L GhenhGa_Q

-|e HaGiang_E

-|e HaGiang X

-l LaiChau 0

“le LaoCai

-l Upper_Hong_Thai_binh

Surface area [km*2|

I I I I
1/1/2016 1/1/2018 1/1/2020 1/1/2022

Figure 2.40 Observed surface water extend timeseries for Malutang reservoir.
2.6.2.4 Input timeseries definition for data assimilation

A custom-made script has been prepared in MIKE Workbench
(/[LAV_Curves/build_reservoir_wl_ts) for constructing water level timeseries on the fly using the
configuration parameters found on the /Reservoir Curves/Curves worksheet as described before.
The script is registered in the model input definition as shown below in Figure 2.41

CFS Upper_Hong_Thai_binh_Fnal > ManualModsl > Manual Model Object(1) > [Search e | Q, ||¢ Properties
Name Type Value Scenario Input Timeseries - DA_R2.dfs0 - 1 - R2AWater Level
L DA_R2.dfsD - 1 - R2|Water Level Input Timeseries Definition Script: /LAV_Curves/build_reservoir_wl ts =Ry
L DA _R60.dfs0 - 1 - R60|Water Level Input Timeseries Definition  /LAV_Curves/build_reservoir_wl_ts v General Properties
L DA _R62.dfs0- 1 - R62|Water Level Input Timeseries Definition 2 /LAV_Curves/build_reservoir_wl_ts Description DA_R2.dfs0 - 1 - R2|Water Level
L DA _R64.dfs0 - 1 - R64|Water Level Input Timeseries Definition LAV_Curves/build_reservoir_wl_ts Madel Object Name Manual Madel Object(1)
L DA _R66.dfs0 - 1 - R66|Water Level Input Timeseries Definition LAV_Curves/build_reservoir_wl_ts MName DA_R2.dfs0 - 1 - R2|Water Level
L DA_R68.dfs0 - 1 - R63|Water Level Input Timeseries Definition ipt: /LAV_Curves/build_reservoir_wl ts Script
L DA_R70.dfs0 - 1 - RP0|Water Level Input Timeseries Definition : JLAV_Curves/build_reservoir_wl ts Timeseries Variation Mo change
L DA_RT2.dfs0 - 1 - R72|Water Level Input Timeseries Definition ipt: /LAV_Curves/build_reservoir_wl ts o
L DA_R74.dfs0 - 1 - R74|Water Level Input Timeseries Definition ipt: /LAV_Curves/build_reservoir_wl_ts Script /LAV_Curves/build_reservoir_wl_ts|
L DA_RT76.dlfs0 - 1 - R76|Water Level Input Timeseries Definition : JLAV_Curves/build_reservoir_wl ts
L DA_R78.dfs0 - 1 - R78|Water Level Input Timeseries Definition Script: /LAY_Curves/build_reservoir wi_ts
Source

Figure 2.41 Example of script registration used to define the model input time series for the
forecast scenario

The timeseries is made available before each model run as estimated water level observed at the
reservoir. The estimated water level timeseries input use at each model calculation run can be
found under the model simulation outputs in the following path relative .../Manual Model
Object(1)/Input, relative to the simulation path as shown below in Figure 2.42.
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Figure 2.42 Input water level timeseries used during data assimilation for Puxiqgiao

2.7 Modelling Framework

The following chapter describes the two main modelling components used in the System:

e DHI-GHM
e MIKE HDYRO Basin

2.7.1 DHI-GHM

2.7.1.1 Parameter values

The NAM parameter values are stored in csv format and at the relative location
".\Configuration\setup_nam\ParDef.csv". The table is shown in Appendix A.
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Table 2.9 Parameter values, which can be used to calibrate the DHI-GHM

Parameter | Unit | Description |
Maximum water content in the surface storage. Umax can be interpreted
Umax mm as including the water content in the interception storage, in surface

depression storages, and in the uppermost few cm's of the soil

Maximum water content in the lower zone storage. Lmax can be

Lmax mm interpreted as the maximum soil water content in the root zone
available for the vegetative transpiration

Overland flow runoff coefficient. CQOF determines the distribution of

CQOF N excess rainfall into overland flow and infiltration
Threshold value for overland flow. Overland flow is only generated if
TOF -- the relative moisture content in the lower zone storage is larger than
TOF
TIE __ Threshold value for interflow. Interflow is only generated if the relative

moisture content in the lower zone storage is larger than TIF
Threshold value for recharge. Recharge to the groundwater storage is
TG - only generated if the relative moisture content in the lower zone
storage is larger than TG

Time constant for interflow from the surface storage. It is the dominant
routing parameter of the interflow because CK;r » CKj,

Time constant for overland flow and interflow routing. Overland flow
CKi2 hour and interflow are routed through two linear reservoirs in series with the
same time constant CKj

Baseflow time constant. Baseflow from the groundwater storage is
generated using a linear reservoir model with time constant CKgg

CKie hour

CKge hour

2.7.1.2 Catchment definition

The catchment definition for the hindcast simulation using ERAS data is stored in csv format and
at the relative location "..\Configuration\setup_nam\CatchDef ERAS5.csv". The table is shown in
Appendix B

Table 2.10 Catchment definition file, used for the NAM

Column name ‘ Description ‘
Name of the catchment following the naming convention

name - “{x_coord} {y_coord}’ - for lowest level
“{x_coord} {y _coord} {elevation}’ — for elevation zones, meters
relative to lowest level

Catchment is a combined catchment (for elevation zones) (TRUE or

isCombined FALSE)

combined

If combined, name of the main catchment at elevation O
catchment

Reference parameters initially used and must reference a catchment
parameter template | defined in the .RR file which is part of the setup. Parameters can be
updated with the parameter file.

areakm?2 Area of the catchment in km2
elevation Elevation relative to lowest level elevation of the combined catchment
max. snow depth Maximum snow depth modelled in the catchment

max. swe retention | Definition of snow water equivalent volume maximum.

Page 39



Column name

min. full cover
storage

‘ Description

Minimum snow water equivalent needed for full coverage of the area

radiation coeff

Multiplication factor for radiation

precip_corr

Precipitation correction in %.

0 stands for no correction, where 10 stands for adding 10%.

evap_corr_factor

Multiplication factor for potential evaporation.

temp_wet_corr

Temperature correction relevant for elevation zones

temp_dry corr

Temperature correction relevant for elevation zones

ini_gof Initial overland flow

ini_qif Initial interflow

ini_gbf Initial baseflow

ini_gbflow Initial lower baseflow. Set to zero

ini_swe Initial snow water equivalent

ini_u_umax Initial maximum water content in the surface storage
ini_|_Imax Initial maximum water content in the lower zone storage
evap file Filepath to evaporation timeseries, relative to model-file
evap item Item number in evaporation file to use

temp file Filepath to temperature timeseries, relative to model-file
temp item Item number in temperature file to use

precip file Filepath to precipitation timeseries, relative to model-file
precip item Item number in precipitation file to use

radiation file Filepath to radiation timeseries, relative to model-file (obligatory)

radiation item

Iltem number in radiation file to use

x_dfs2

X coordinate in the internal coordinate system of the Dfs2 file

y_dfs2 Y coordinate in the internal coordinate system of the Dfs2 file
partition Partition number in DHI-GHM’s tiling system

ensemble Ensemble number (empty if no ensemble)

X X coordinate, WGS1984

y Y coordinate, WGS1984

2.7.1.3 Routing groups

The routing groups are stored in csv format and at the relative location
".\Configuration\setup_routing\RoutingGroups.csv". A routing group is a grouping of basins used
for parallelization. Grouping is done at PFAF level 3 (using the first three digits of the 12-digit
PFAF ID). All PFAF IDs defined in the BasinDef.csv file (described in Section 2.7.1.4) that begin
with the first three digits defined in the routing group are executed on one core during model
operation. This also means that if a PFAF ID is defined in the basin definition whose first three
digits are not in a routing group, it will not be included in the model setup.
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Five things are needed to define a routing group:

PODdE

PFAF_DOWN: The lower value of the 3-digit PFAF ID

PFAF_UP: The upper value of the 3-digit PFAF ID

Area: The area covered in the routing group (for statistics purposes)
Basin: The relative path to the BasinDef file

5. Cellweight: The relative path to the CellWeight file

Each routing group requires a BasinDef and CellWeight file to complete its execution, and each
line in the routing groups file contains these filepaths. Each of these files are explained below.

Table 2.11

PFAF
Down

436

PFAF

436

Routing groups used for DHI-GHM's Fast Kinematic Router. Derived from
hydrosheds HydroBASINS on level 3.

CellWeight

Area Basin

.\Configuration\setup_routing\
CellWeights.csv

.\Configuration\setup_routin

139350.7 | \BasinDef.csv

2.7.1.4 BasinDef

The basin definitions are stored in csv format and at the relative location
".\Configuration\setup_routing\BasinDef.csv". The table is shown in Appendix C. This file defines
the basin network and necessary parameters for the kinematic router.

Table 2.12  Basin definition file for DHI-GHM's Fast Kinematic Router
Parameter | Description
HYBAS ID Unique 10-digit identification number for each sub-catchment, to denote the
- HydroBASINS network.
MAIN_BA | The HYBAS_ID of the most downstream sub-catchment for the sub-catchment.
S Defines the main basin for each catchment.
NEXT DO The HYBAS_ID of the sub-catchment directly downstream in the network. If
WN NEXT_DOWN=0, then there is no downstream sub-catchment (ocean outlet,
endorheic basin)
BIST—MAI The distance in km from the sub-catchment to the main basin.
iUB—ARE The area of the sub-catchment in km2.
min Minimum elevation at the sub-catchment outlet.
Q _avg The average discharge in m3/s for the sub-catchment.
manning The Manning coefficient used during routing in the sub-catchment.
PFAF The first three digits of the PFAF ID for the catchment, used for routing groups.
The combined area of the sub-catchment and all sub-catchments upstream of the
UP_AREA i
sub-catchment in km2.
PFAF_ID The 12-digit Pfafstetter ID for the sub-catchment.
LakeArea | Area of lakes (greater than 10km2) in the sub-catchment in km2.
LakeAreaP | Area of lakes (greater than 0.5km2) in the sub-catchment in km2. Only used if
lastic routing solid transport.
CK_Lake Routing constant for linear reservoir model for lakes.
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Parameter ‘ Description ‘

;E_Lakec Potential for variance in the lake routing constant, default same as CK_Lake.
factorQ Lower factor for solid transport routing curve. Only used if routing solid transport.

factor100 Upper factor for solid transport routing curve. Only used if routing solid transport.

LakeCollec

tion Collect solids in lakes boolean. Only used if routing solid transport.

LakeCollec
tionCapacit | Mass possible to collect in lakes. Only used if routing solid transport.

y

2.7.1.5 CellWeights

The cell weights are stored in csv format and at the relative location
".\Configuration\setup_routing\CellWeights.csv". The table is shown in Appendix D. The cell
weights file is used to define the model transition from grids to basins. Runoff calculated from
distributed NAMs in grid cells is distributed to the appropriate basins in the network.

Table 2.13  Cell weights for DHI-GHM's Fast Kinematic Router

Parameter Description

Unigue 10-digit identification number for each sub-catchment, to denote the

HYBAS_ID HydroBASINS network, as defined in the Basin Definition file.

Name of the catchment following the naming convention, as defined in the Catchment

GRID_ID Definition file (“{x_coord} {y_coord}")

Value from 0 to 1, indicating how much of the area of the grid cell is covered by the
REDUCTION | sub-catchment. This factor is used to direct runoff from each grid cell to the
corresponding sub-catchments.

Partition number in DHI-GHM's tiling system — same as Patrtition in the Catchment

TILE Definition file.

PFAF The first three digits of the PFAF ID for the catchment, used for routing groups.

2.7.1.6 From distributed runoff to discharge on natural basins

The following images depict the transition of computation from grid cells to natural basins. Grid
cells are defined in the Catchment Definition file, and the link to the natural catchments is defined
in the Cell Weights file.
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Figure 2.44 DHI-GHM grid: 0.1x0.1 degrees
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Figure 2.46 Grid and fine resolution sub-catchments

HYBAS ID,GRID_ID,REDUCTION.TILE, PFAF
|4121536330,105.95_22.45, 0.107327926,340,436
4121536330,105.85_22.35,0.333589026,340,43¢6
4121536330,105.95_22.35,0.6571453,340,43¢6
4121536330,105.95_22.25,0.06015443,340,43¢6

Figure 2.47 Cell weights for transition from grid cells to natural basins for a single sub-
catchment
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Figure 2.48 Map of the cell weights for transition from grid cells to natural basins for a single
sub-catchment

2.7.2 MIKE HYDRO Basin

This section included a description of the MHB model setup used in the system. Figure 2.49 is a
schematic representation of the model setup with the river network, schematic catchments,
reservoirs and connections. The model is registered in two versions:

- With Data Assimilation (DA) at reservoir water levels
- Without DA

The model consists of:

e 32 catchments
e 11 reservoirs (rule curve reservoirs)

Figure 2.49 Map overview of the MIKE HYDRO Basin model setup
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2.7.2.1 Catchments
All the 32 catchments (see Figure 2.52) are set up with the following properties:

e Areain km?2
e Runoff time series with runoff in m3/s

The catchments can be categorised into two types:

e Head catchments: runoff time series used as runoff correspond to the DHI-GHM results
files located under Routed_discharge _to_outlet folder (see section 0) — see example in
Figure 2.50

e Intermediate catchments: runoff time series used as runoff correspond to the DHI-GHM
results files located under Unrouted_runoff to_outlet folder (see section 0) — see
example in Figure 2.51.

General

Catchment name: . Dia_Babian_AtYayangshan " Identifier: 1

[ Use catchment shape to calculate area

Area: 1097350000

Groundwater model:  Naone
Rainfall-runcff model:  MNone

Runoff time series: “Routed_dischange_to_outlet\Discharge_T5_Catchment_C1.0fs0
Calibration plot

Load shape

Figure 2.50 Preview of the catchment definition of a head catchment

General

Catchment name: Da_Lixian_At Yayangshan_trib |dentifier: C2

() Use catchment shape to calculate area
Area: 4240000
Groundwater model:  None

Rainfall-runcff model:  None

Runcff time series: ments\Unrouted_runoff_to_outlet'\Runoff_TS_Catchment_C2.Cs0
Calibration plot

Load shape

Figure 2.51 Preview of the catchment definition of an intermediate catchment
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Mame Area Branch name Chainage
] |Da_Lixian_AtJupudu 418.45336 | Branch 2 &7677. 3
[] |Da_AtGelatan 12154234 | Branch 2 112347 54
10 | [ |Da_AtBorder 3032.357... | Branch 2 172175.8
11 [] |MWamMa_AtMalan 3365.810... | Branch & 11536665
12 | [ | Thao_AtNansha 365337 [Branch 5 234545 86
13 | [ |Thao_MtMadustan 2805417 |Branch 5 296549 33
14 | O | Thao_AtMadushan_trib 131.80403 | Branch 15 15286.13
15 | [ |Thao_AtBorder 40451255 | Branch 5 403017.18
b 16 | (1 |Thao_AtBorder Tib Branch 7 115194.78
17 | [ |Chay_AtBorder 3550 4762 | Branch 8 51359 .46
18 | [0 |Lo_AtMalutang £535.8649 | Branch 12 1220785
15 | [ |LO_AtBorderDsMalutang 244 47744 | Branch 12 140006.45
20 | O |Mien_AtBarder 1712.375... | Branch 13 3601756
71 | O |Gam_NhoQue_AtBaorder 4044 56717 | Branch 14 133425.04
22 | [ |Gam_AtBorder 2773447 .. | Branch 15 113453
23 | [ |MNam_Na_%Border 1462.738... | Branch & 140415.52
24 | [ |MamNa_atBorder trib 376.45858 | Branch 17 2107253
25 | [ |DA_Border2MAM_Mhat 3654 637... | Branch 20 374572
26 | [ |Da_NamMhat_trib 2866.959... | Branch 21 TB6TR.2T
27 | O |NamMhat20Ohs 54563252 | Branch 20 69410.74
28 | [ |MNamMNa_Border2Da 2218.566... | Branch & 223051.596
29 | [ |Lo_Mien_Borders20bs_HaGi.. | 1530644 . |Branch 12 163475 54
a0 | O |Gam_border20bs1 740.549271 | Branch 15 12531317
11 | [ |GamObs1_NhoGue_Border?. . | 2970.589... | Branch 24 16058.83
12 | [ |Lo_HaGiang_5am20bs3 11948.19... | Branch 23 140205.34
73 | [] |Chau_border?BacYenObs 1845.563... | Branch 25 Te7ET 58
Figure 2.52 List of the 32 catchments defined in the MHB model setup.

2.7.2.2 Reservoirs

The 11 reservoirs included in the model setup are listed below with their key characteristics:

e Levels

e}

0O O O O O

e}

@)
@)
o

Bottom level

Dead Zone Level: as known as top of dead storage

Dam Crest

FCLmax: maximum flood control level
FCLmin: minimum flood control level

reductl: reduction level applied below the flood control level.
Fraction: reduction fraction
e Hydropower

HP Target Demand: hydropower target demand

Demand unit: unit of the target demand (m?3/s or MW)
Installed Cap (MW): installed capacity in MW
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DA

e Storage
o full storage: full storage in MCM
o dead storage in MCM
o Live storage in MCM

The main properties of the 11 reservoirs are summarised in Table 2.14.

Table 2.14  Main characteristics of the reservoirs in MHB setup

Levels Water Use Storage (MCM)

he] o~
_ = 2
2 £ s
4 o - a )
© = 9 S 8 © 2 S
5 o x > ° ° g S g
e| N | 6 g £ 2| 5 S g 5 5 3 S
S ° 1S IS o o i ] = =] = 7]
= F| 5l 3| 3 ¢ §: 5|8/ § 6 °:
@ a fa e L o gz a £ 3 s 5
Yayangshan |R2 769 825 857 851 851 846 0 |20 m3/s 120 384 137 247
Shimenkan R60 675 745 791 785 759 758 0 (30 m3/s 130 380 183 197
Longma R62 531 604.8 |666 660 660 630 0 |45 m3/s 240 750 160 590
Puxigiao R64 617 698.4 |761 755 755 715 0 (30 ma3/s 190 656 135 521
Sinanjiang R66 814 890.5 [929 923 923 897 0 |20 m3/s 201 424 153 271
Jupudu R68 458 521 553 547 547 521 0 |110 |m3/s 285 294 120 174
Gelantan R70 371 429.6 484 478 478 450 0 120 |m3/s 390 503 94 409
Nalan R72 334 376.5 (443 437 433.5 433.5 0 (30 MW 150 311 25 286
NanSha R74 207 263.4 |292 286 286 283 0 (30 MW 150 362 150 212
Madushan R76 150 229.5 |258 252 252 248 0 |0 Flow 300 1,214 663 551
Malutang R78 494 568.1 |648 642 642 580 0 |[50 Flow 400 643 97 546
Lai Chau R82 180 270 300 295 295 270 0 (280 |[MW 1200 [1,400 450 950

2.7.2.3 Routing of the Hong main river

For the Hong river a significant and slow baseflow component has been observed. Considering
the relatively modest reservoir storage on the river this most likely stems for a slow groundwater
component. Since the slow lower groundwater component is not available in the DHI-GHM, the
base flow in the Hong river has to be further routed upstream of the border.

Consequently, a fictive bifurcation loop (Branch 26) has been introduced taking only the lowest
150 m¥/s of the hydrograph. The flow in Branch 26 is routed through an extra linear reservoir with
a time constant of 10,000 hours, which has improved the simulated baseflows, see Figure 2.53.

It should be noted, however, that routing storages in MHB is not stored if the normal stage of the
model is stored for resetting of the model (hostart). Due to the slow routing, MHB will have to run
with large hindcast periods in the order of 6 years to obtain the right state of the linear routing
reservoir at TOF.

Another option could have been to describe the linear routing reservoir as a normal reservoir with
linear storage and linear spillway formula (q=x*level). Storage in hormal reservoirs can be
hotstarted or data assimilated.

Alternatively, inactivate the reservoir by changing the diversion from 150 m®/s to 0 m%/s
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Location Water level method

ernch Moo
River node: N123 ~

ID: Method 1

Flow routing method

ebos e ]

Branch River node Chainage D Flow routing Delay Shape mw:},zée“‘ Rating curve Mannit

~ |N123 ~ | 8453.56 i i No water level

Figure 2.53 Baseflow routing in the Hong River

2.8 Postprocessing

2.8.1 Indicator Estimation

A number of indicators are calculated a the MHB model simulation has been completed. These
indicators are computing statistics on the forecasted flow.

2.8.1.1 10-daily statistics

This indicator calculates the mean discharge over the 10-day period. The period covered is from
about 1 year before TOF until the end of the time series.
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def CalcDailyStats(ts, indiname, nDays, tof, nYears=1):
def GetDailyStartEnd (tsEnd) :

enddate = tsEnd
#days between tof - nYears and enddate
daygap = (tof - tof.AddYears(-nYears)).TotalDays + (enddate - tof).TotalDays
#bring to 10-daily timestep
dayrange = (daygap // nDays) * nDays
startdate = enddate.AddDays (-dayrange)
return (startdate, enddate)

ts = ts.Clone ()

ts.Name = "{} {}".format(ts.Name, indiname)

members = [mem.CreateDataSeries () for mem in ts.Members]
(resStart, resEnd) = GetDailyStartEnd (ts.End)
membersProcessed = []

for m in [mem.CreateDataSeries () for mem in ts.Members]:

membersProcessed.Add (Resample (m, timeStepDay=nDays, startDate=resStart, endDate=resEnd))

ts.SetData (membersProcessed[0] .GetAll ())

for i in range(l, ts.MembersCount):
values = map(lambda vp: vp.YValue, membersProcessed[i].GetAll())
ts.Members[i].SetValues (values)

return ts

Figure 2.54 Code snipped of the methodology to calculate 10-daily statistics of a forecasted
timeseries, including the 1 year before time of forecast

2.8.1.2 Monthly statistics

This indicator calculates the monthly mean discharge from about 1 year before TOF until the end
of the time series.

def _CalcMonthlyStats(ts, indiname, tof, nYears=1):
def GetMonthlyStartEnd (tsEnd) :
enddate = DateTime (tsEnd.Year, tsEnd.Month, 1)
startdate = tof.AddYears (-nYears)
startdate = DateTime (startdate.Year, startdate.Month, 1)
return (startdate, enddate)

members = [mem.CreateDataSeries() for mem in ts.Members]
(resStart, reskEnd) =
membersProcessed = []
for m in [mem.CreateDataSeries () for mem in ts.Members]:

membersProcessed.Add (Resample (m, timeStepMonth=1, startDate=resStart, endDate=resEnd))

GetMonthlyStartEnd (ts.End)

ts = createTSCloneEmpty (ts)
ts.Name = "{} {}".format(ts.Name, indiname)

ts.SetData (membersProcessed[0] .GetAll())

for i in range(l, ts.MembersCount) :
values = map (lambda vp: vp.YValue, membersProcessed[i].GetAll())
ts.Members[i] .SetValues (values)

return ts

Figure 2.55 Code snipped of the methodology to calculate monthly statistics of a forecasted
timeseries, including the 1 year before time of forecast

2.8.1.3 Seasonal statistics

This indicator calculates the seasonal mean discharge from about 1 year before TOF until the
end of the time series. The season are defined based on the hydrological year.
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HYDROLOGICALYEARSTART = 6
def _getSeasonalDate (date, nMonths):
inMonth = date.Month
cMonth = HYDROLOGICALYEARSTART
while cMonth > nMonths:
cMonth -= nMonths

while date.Month >= cMonth:
cMonth += nMonths

sMonth = cMonth - nMonths
sYear = date.Year
if sMonth <= 0:
sMonth = 12 + sMonth
sYear -= 1
return DateTime (sYear, sMonth, 1)

def _CalcSeasonalStats(ts, indiname, nMonths, tof, nYears=1l):

def GetSeasonalStartEnd (tsEndDate) :
enddate = _getSeasonalDate (tsEndDate, nMonths)
startdate = _getSeasonalDate (tof.AddYears (-nYears), nMonths)
return (startdate, enddate)

members = [mem.CreateDataSeries() for mem in ts.Members]

(resStart, resEnd) = GetSeasonalStartEnd(ts.End)
membersProcessed = []
for m in [mem.CreateDataSeries () for mem in ts.Members]:

ts = createTSCloneEmpty (ts)
ts.Name = "{} {}".format(ts.Name, indiname)

ts.SetData (membersProcessed[0] .GetAll())

for i in range(l, ts.MembersCount):
values = map(lambda vp: vp.YValue, membersProcessed[i].GetAll())
ts.Members[i].SetValues (values)

return ts

membersProcessed.Add (Resample (m, timeStepMonth=nMonths, startDate=resStart, endDate=resEnd))

Figure 2.56 Code snipped of the methodology to calculate seasonal statistics of a forecasted
timeseries, including the 1 year before time of forecast

2.8.1.4 Historical Means

For each indicator, the indicator is calculated for the period 01.01.2003 — 31.12.2022. It is mean
has been stored in the database for each timestep:

- The 10 daily mean contains a timeseries for one year, where every day represents the
long-term averaged 10 daily mean.

- The monthly mean has a long-term averaged mean-value for every first day of a month
and contains thus 12 values.

- Seasonal contains 4 values at the start of a hydrological season, where each value
represents the long-term averaged mean over the season.

After a MHB simulation, statistics are calculated for the forecast period + time of forecast — 1
year. Furthermore, the long term mean statistics are used to extract the timesteps, which are part
of the statistics of the forecast. That way, the recently calculated statistics can be plotted against
their long-term mean.System performance

2.8.2 Reporting

To inform the operators of the seasonal forecasting system, a reporting framework was set up.
This automatically sends the operator(s) an email with a description of the performance of the
system. The email starts with a time tag to indicate when the report was generated, followed by
the name of the MIKE Workbench database as the amount of free disk space.
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Disks:

Database: NAWAPI

generated: 2023-02-03 15:57

Drive C:\ has 44.72 GB free

System Performance Report

Figure 2.57 System performance report - system specifications

Forcing data

Hindcast
Hindcast
Hindcast
Hindcast
Hindcast
Hindcast
Hindcast

Dataset

Seasonal Forecast
Seasonal Forecast
Seasonal Forecast
Seasonal Forecast
Seasonal Forecast

Seasonal Forecast

Variable
Evaporation
Evaporation
Rainfall
Rainfall
Reservoir water level
Temperature

Temperature

Medium Range Forecast |[Evaporation
Medium Range Forecast |[Evaporation
Medium Range Forecast |Rainfall
Medium Range Forecast |Rainfall
Medium Range Forecast Temperature

Medium Range Forecast | Temperature

Evaporation
Evaporation
Rainfall
Rainfall
Temperature

Temperature

Startdate
1556-01-02 00:00:00
1556-01-02 00:00:00
1575-01-03 00:00:00
1575-01-03 00:00:00
2017-02-05 00:00:00
1575-01-01 00:00:00
1575-01-01 00:00:00
2021-01-02 00:00:00
2021-01-02 00:00:00
2022-10-12 12:00:00
2022-10-12 12:00:00
2022-10-12 09:00:00
2022-10-12 05:00:00
2021-01-02 00:00:00
2021-01-02 00:00:00
2023-01-12 00:00:00
2023-01-12 00:00:00
2023-01-11 12:00:00
2023-01-11 12:00:00

Enddate
2023-01-28 00:00:00
2023-01-28 00:00:00
2023-01-27 00:00:00
2023-01-27 00:00:00
2022-12-29 00:00:00
2023-01-27 18:00:00
2023-01-27 18:00:00
2032-01-01 00:00:00
2032-01-01 00:00:00
2023-02-18 09:00:00
2023-02-18 09:00:00
2023-02-18 12:00:00
2023-02-18 12:00:00
2032-01-01 00:00:00
2032-01-01 00:00:00
2023-12-01 00:00:00
2023-12-01 00:00:00
2023-12-01 00:00:00
2023-12-01 00:00:00

InvestigationDate
2023-02-03
2023-02-02
2023-02-03
2023-02-02
2023-02-03
2023-02-03
2023-02-02
2023-02-03
2023-02-02
2023-02-03
2023-02-02
2023-02-03
2023-02-02
2023-02-03
2023-02-02
2023-02-03
2023-02-02
2023-02-03
2023-02-02

LastModified
2023-02-03 07:38:12
2023-02-03 07:38:12
2023-02-03 03:06:55
2023-02-03 03:06:55

2023-02-03 03:09:42
2023-02-03 03:09:42
2021-11-14 05:46:45
2021-11-14 05:46:45
2023-02-03 00:29:17
2023-02-03 00:29:17
2023-02-03 00:30:32
2023-02-03 00:30:32
2021-11-14 05:46:45
2021-11-14 05:46:45
2023-02-03 05:45:57
2023-02-03 05:45:57
2023-02-03 06:14:29
2023-02-03 06:14:29

Figure 2.58 System Performance Report - Forcing data table
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Summary of scenario performance

= Hindcast
o Forcing data status

Time coverage summary (Evaporation, Rainfall, Temperature):

= Evaporation
Update status:
Time coverage:
= Rainfall

Update status:
Time coverage: OK
= Temperature
Update status:
Time coverage: OK
= Reservoir water level
Update status: Last timestep available is older than 1 month in at least one reservoir
Time coverage:

Reservoir | Start time | End time Description
Jupudu  |2017-02-05| 2023-01-05
Gelantan |2015-10-31|2022-12-29 | Last timestep available is older than 1 month
Malan  |2017-02-05|2023-01-05
Nansha |2017-02-05|2023-01-05
Madushan |2017-02-052023-01-05
Yayangshan |2015-10-31|2022-12-2% |Last timestep available is older than 1 month
Shimenkan [2015-10-31|2022-12-25 |Last timestep available is alder than 1 month
Puxigiao |2015-10-31|2022-12-29 Last timestep available is older than 1 month
Malutang |2014-10-16|2022-12-21 |Last timestep available is older than 1 month
Sinanjiang |2017-02-05|2023-01-05
Longma |2014-10-21|2023-01-07

Figure 2.59 System Performance Report - Summary of scenario performance
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Jobs

job

00_RunAll

0la_GHM ERAS

01b_GHM_GFS

0lc_GHM CFS

02a_MHB_GFS

02b_MHEB_CFS

03_Maintenance

04 _DatabaseBackup

05_MakeDailyReport

last 3 job instances per jobhost in the past 96 hours

At

NAWAPI @ 2023-02-03 11:30:07 - Finished Success - 00:05:46
MNAWAPI @ 2023-02-02 11:30:07 - Execution Error - 00:02:42
MNAWAPI @ 2023-02-01 11:30:06 - Execution Error - 00:00:29

NAWAPI @ 2023-02-03 11:45:07 - Finished Success - 00:01:41
NAWAPI @ 2023-02-02 11:45:05 - Finished Success - 00:01:39
MNAWAPI @ 2023-02-01 11:45:08 - Finished Success - 00:02:31

NAWAPI @ 2023-02-03 12:00:06 - Finished Success - 00:35:35
NAWAPI @ 2023-02-02 12:00:05 - Finished Success - 00:35:15
NAWAPI @ 2023-02-01 12:00:06 - Finished Success - 00:33:42

NAWAPI @ 2023-02-03 13:00:07 - Finished Success - 00:05:13
NAWAPI @ 2023-02-02 13:00:05 - Finished Success - 00:05:17
NAWAPI @ 2023-02-01 13:00:08 - Finished Success - 00:05:29

MNAWAPI @ 2023-02-03 13:15:08 - Execution Error - 00:44:45
MNAWAPI @ 2023-02-02 13:15:06 - Finished Success - 00:59:27
NAWAPI @ 2023-02-01 13:15:05 - Finished Success - 01:05:27

NAWAPI @ 2023-02-03 02:30:07 - Finished Success - 00:00:06
NAWAPI @ 2023-02-02 14:30:10 - Finished Success - 00:00:08
NAWAPI @ 2023-02-01 14:30:10 - Finished Success - 00:00:11

NAWAPI @ 2023-02-03 03:30:05 - Finished Success - 00:12:43
NAWAPI @ 2023-02-02 14:45:06 - Finished Success - 00:13:40
NAWAPI @ 2023-02-01 14:45:09 - Finished Success - 00:21:32

NAWAPI @ 2023-02-03 15:56:15 - Running - 00:01:38.8151550
NAWAPI @ 2023-02-03 15:30:48 - Finished Success - 00:01:13
NAWAPI @ 2023-02-03 15:28:01 - Finished Success - 00:01:14

Figure 2.60 System Performance Report - Jobs table

Finally, two tables are included with the result of system runs, namely:

« Jobs table: indication of number of jobs executed in the last 48 hours, job name, time

of completion of run, whether it was executed successfully or returned an error.

o Simulations table: name of the scenario the run corresponds to (the system runs
seasonal and mead), time of completion of run, approval status and time of forecast

(TOF).

Page 54



System basin model status

last 3 simulations in the past 48 hours

| Simulation | Execution time

Status

‘ Time of forecast

|Upper_Hong_Thai_binh_FinaI - CFS Upper_Hong_Thai_binh_Final |2023—02-03 13:15:13 ‘APPROVED

‘ 2023-02-03 06:00:00

|Upper_Hong_Thai_binh_FinaI - CFS Upper_Hong_Thai_binh_Final |2023—02-02 13:15:09 ‘APPROVED

‘ 2023-02-02 06:00:00

|Upper_Hong_Thai_binh_Final - CFS Upper_Hong_Thai_binh_Final |2023—02—01 13:15:09 ‘APPROVED
[ [ [

‘ 2023-02-01 06:00:00
[

|Upper_Hong_Thai_binh_FinaI - GFS Upper_Hong_Thai_binh_Final |2023—02-03 13:00:12 ‘APPROVED

‘ 2023-02-03 06:00:00

|Upper_Hong_Thai_binh_FinaI - GFS Upper_Hong_Thai_binh_Final |2023—02—02 13:00:09 ‘APPROVED

‘ 2023-02-02 06:00:00

|Upper_Hong_Thai_binh_Final - GFS Upper_Hong_Thai_binh_Final |2023—02—01 13:00:13 ‘APPROVED
[ [ [

‘ 2023-02-01 06:00:00
[

Figure 2.61 System Performance Report -System basin model status

Table 2.15  Status messages for simulations in MIKE Workbench

Status Description

UNDEFINED database is created

the initial status message when the simulation definition in the

INITIALIZED simulation name,simulation dates etc have been given

INPUT_DATA ERROR | the status set after start generating into for the model

INPUT_DATA_OK all is created and saved

MODEL_RUN_ERROR | |- to this state.

the status set once the model run is started. If the model fails, roll

MODEL_RUN_OK status after successful model run

OR wrong, stay at this Status

OUTPUT_DATA_ERR | outputs are started to be retrieved retrieving,. If something goes

OUTPUT_DATA_OK and cleaned up the simulation folder

is set when we have successfully saved the outputs in the database

APPROVED

set once we have successfully approved the simulation (including
eventual copying of outputs and initial conditions to the database)

2.8.3 Error Logging

When running a job using the target RunAll, and a target errors, thus the job is erroring, the target

SendErrorLog is called. Which sends the whole log as html.
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Target executed at: 3/2/2023 15:11:55. Duration: 1m 48s 83ms

) 05_makepaityreport (1m 475 9gams)

v GenerateHTML_ForcingData (43s 694ms)

pythen "..\Tools\py\GenerateReportingHTML.py" -htmlfile \\DKCPH1-STOR.DHI.DK\Projects\11826891\RedRiverGHM\Results\HTML\latest\html.txt -repsetup "..\Tools\py\SetupFiles\NAWAPI_Reporting.ym!"
-repsetup ..\Tools\py\SetupFiles\NAWAPI_Reporting.yml|

-htmifile \\DKCPH1-STOR.DHL.DK\Projects\11826891\RedRiverGHM\Results\HTML\latest\html.txt

2023-02-03 15:12:00 - Reading ..\Timeseries\rainfall_era5\340.dfs2

2023-02-03 15:12:06 - Reading ..\Timeseries\temperature_era5\340.dfs2

2023-02-03 15:12:23 - Reading ..\Timeseries\evaporation_priestly_taylor_hindcast\340.dfs2

2023-02-03 15:12:27 - Reading ..\Hotstart\ERAS\NAM\latest\GHM_340.20230127T000000.stald

2023-02-03 15:12:27 - Reading ..\Timeseries\rainfall_gfs\340.dfs2

2023-02-03 15:12:28 - Reading ..\Timeseries\temperature_gfs\340.dfs2

2023-02-03 15:12:20 - Reading ..\Timeseries\evaporation_priestly_taylor_forecast\340.dfs2

2023-02-03 15:12:34 - Reading ..\Hotstart\GFS\|atest_ERAS\NAM\GHM_340.20230127T000000.stald

2023-02-03 15:12:34 - Reading ..\Timeseries\rainfall_cfs\340_0.dfs2

2023-02-03 15:12:35 - Reading ..\Timeseries\temperature_cfs\340_0.dfs2

2023-02-03 15:12:37 - Reading ..\Timeseries\evaporation_priestly_taylor_forecast\340.dfs2

2023-02-03 15:12:38 - Reading ..\Hotstart\CFS\latest_gfs\NAM\GHM_340.20230203T000000.sta1d

2023-02-03 15:12:38 - Setting html for Hindcast

2023-02-03 15:12:38 - Setting html for MediumRange Forecast

2023-02-03 15:12:38 - Setting html for Seasonal Forecast

2023-02-03 15:12:38 - Writing \\DKCPH1-STOR.DHL.DK\Projects\11826891\RedRiverGHM\Results\HTML \latest\table.csv
2023-02-03 15:12:38 - Writing \\DKCPH1-STOR.DHL.DK\Projects\11826891\RedRiverGHM\Results\HTML \latest\html.txt

(S runscript - MakeDailyReport (1m 35 983ms)

InputProperties: Script=/Reporting/MakeDailyDataReport; P1=jaan@dhigroup.com; P2=\\DKCPH1-STOR.DHL.DK\Projects\11826891! iverGHM Its\HTML\latest\htm|.txt;P3=;P4=;P5=;P6=;P7=;P8=;PO=
2023-02-03 15:12:46 - 00_RunAll
2023-03-N3 15:12:46 - 01a GHM FRAS
ZUZJ'UZ'l 15:13:3/ - 2023-02-03 13:10:13 1 l 1 l
2023-02-03 15:13:37 - 2023-02-02 13:15:00
2023-02-03 15:13:37 - 2023-02-01 13:15:09
2023-02-03 15:13:37 - GFS Upper_Hong_Thai_binh_Final
: ERROR C:\Users\jaan\AppData\Local\Temp\DHIDSS\PID6464\J0B_0cae7e7f-d8f5-4a54-8319-7baSeeb4d3dc\05_MakeDailyReport.job(1,954,GenericADOExXception: could not execute guery
[ SELECT this_.id as id250_0_, this_.name as name250_0_, this_.description as descript3_250_0_, this_.simulation_start_date as simulation4_250_0_, this_.time_of_forecast as time5_250_0_, this_.simulation_end_date as
simulation6_250_0_, this_.content as content250_0_, this_.status as status250_0_, this_.out_init_condition_content as outd_250_0_, this_.out_init_condition_start_date as out10_250_0_, this_.out_init_condition_end_date as
out11_250_0_, this_.scenario_id as scenariol2_250_0_, this_.time_of_simulation_run as time13_250_0_, this_.ensemble_runs as ensemble14_250_0_, this_.parent_id as parent15_250_0_, this_.model_setup_id as

model16_250_0_, th _instance_log as job17_250_0_, this_.param_spreadsheet_id as param18_250_0_, this_.total_simulation_time as total19_250_0_, this_.version as version250_0_ FROM workspace1.simulation this_
WHERE this_.scenari :p0) 1

(:p0)
MName:cp0 - Value:333f32d3-c239-4ddb-90b6-e8d1c9e1a714
[SQL: SELECT this_.id as id250_0_, this_.name as name250_0_, this_.description as descript3_250_0_, this_.simulation_start_date as simulation4_250_0_, this_.time_of_forecast as time5_250_0_,
simulation6_250_0_, this_.content as content250_0_, this_.status as status250_0_, this_.out_init_condition_content as outd_250_0_, this_.out_init_cendition_start_date as out10_250_0_, this_.ou!

simulation_end_date as
_init_condition_end_date as
out11_250_0_, this_.scenario_id as scenario12_250_0_, this_.time_of_simulation_run as time13_250_0_, this_.ensemble_runs as ensemble14_250_0_, this_.parent_id as parentl5_250_0_, this_.model_setup_id as
model16_250_0_, this_.job_instance_log as job17_250_0_, this_.param_spreadsheet_id as param18_250_0_, this_.total_simulation_time as total18_250_0_, this_.version as version250_0_ FROM workspace1.simulation this_
WHERE this_.scenario_id in (:p0)]

at NHibernate.Loader.Loader. DoList(ISessionImplementor session, QueryParameters queryParameters)

at NHibernate.Loader.Loader. ListignoreQueryCache(ISessionImplementor session, QueryParameters queryParameters)

at NHibernate.Impl.SessionImpl.List{Criterialmpl criteria, IList results)

at NHibernate.Impl.Criterialmpl.List(IList results)

at NHibernate.Impl.Criterialmpl.List[T]()

at DHI1.Solutions. Generic.Data.DAQ " 1.Query(IQuery query)

at DHI ions. Generic.Busin ityList™ 1._Query(IQuery query)
at DHI i i ger.Busine: i ionList._Query(IQuery query)
at DHI i Generic. Busins ityList” 1.Fetch(IQuery gquery)

Figure 2.62 Example-email of error logging. Sent to

Common error message:

- Validation Errors: most likely simulation period does not match with forcing data. If it
happens, it is usually in the hindcast and when forcing data has not been updated (no
new time to simulate)

% RunNAM
= . RUnNAM
[#-v7 Information

U * \Tools'GlobalHydroRunner_MIKE2022'GlobalHydroRunner.exe” -r *. \Configuration\ERAS\NAM conf"

“|Z] Updated 6577 / 7800 catchment from par. file in GHM_340.m1dx
=| Running pariitions with number of threads 1:

Z:111826391'RedRiverGHM\Configuration\ ERASIGHM_340 m1dx
=] Created directory Z-11826891\RedRiverGHM\Resulis\ERASINAM
-] Cleaning up stald files. Found: 0
Hotstart file found:. \Hotstar\ ERASINAM\latesf\GHM_340.20220120T000000.s5ta1d
Running instance ; GHM_340

] Unhandled Exception: System Exception: Validation erroes, aborti

at GlobalHydroRunner ModelRunners RunModel(String simFile, Nullable™ 1 ninstance, Int32 dfs20utputMode. Bod
at GlobalHydroRunner ModelRunners RunModel Parallel(List" 1 mike 1dFilePaths. Int32 numberThreads, Boolean
at GlobalHydroRunner. Program Main(String[] args) in C:\Users\jaan\OneDrive - DHIvepos'Global HydrologicalM(

=| : ERROR C:\Users'yaan\AppData'Local\Temp\DHIDSS\PID11328'JOB_bb17d326-83cd-4e5e-b564d-9a5ecc807531)

I
L
L
L)
[
L)
L
E
H
B

Figure 2.63 Log of the job
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2.9 Setup operational system

This section described how the operational workflow has been setup via jobs.

2.9.1 Working directory for DHI-GHM jobs

To setup the Working directory, open the jobs by double clicking on them from the Job manager
in MW.

A list of existing jobs where the working directory must be setup:

0la_GHM_ERA5
01b_GHM_GFS
0lc_GHM_CFS

- 05_MakeDailyReport

Under “Properties”, find the entry WorkDir. Update its “Value” with the working directory, identified
in section 2.4.5.

Save the job clicking . The job can now be closed

N = = T T

ol Toperues
® WA " T woko
=) temGroup - ald Y
N Vave C\DHI_GHM\Configuration

Figure 2.64 Setup WorkDir on ajob

2.9.2 Create a job schedule

Jobs in MIKE Workbench can be scheduled and thus ran operationally. For the operational run of
the DHI-GHM, a job schedule must be created for the following jobs:

- 0la_GHM_ERA5

- 01b_GHM_GFS

- 0lc_GHM_CFS

- 02a_MHB_GFS

- 02b_MHB_CFS

- 03_Maintenance

- 04_DatabaseBackup
- 05_MakeDailyReport

To create a job schedule, right click on the job and select “Create a schedule”:
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o6 sx #4 sl
= {§ Database L
o %
& Open
&% 01 Copy full path  Ctrle Shifte C
-4 o Delete Del
-4 o2
& o 03. Refresh F5
-4 04 Rename F2
-4 05, Execute...
Create a Schedule...
Edit Schedule...
Unschedule...
Enable
Export...
Import...

Figure 2.65 Job menu to create a Schedule

Click “Add”
Job Scheduler - 01a_GHM_ERAS - O X
Job Host - job-//ocathost v
Name Descripbon Status

| A | ER. || Delew

Figure 2.66 Properties of a job scheduler

Under “General”, give the job a name and select the targets, which shall be executed. In this

system, only “RunAll” needs to be selected for each job.
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General Triggers Seftings

Name RunJob

Description

Target RunAl

Runall

[] Stop the job | L
] GetData

[ Enabled
[] GetHotstarts
] RunNAM
] RunRouting
M € anvirehivekntet arte

Figure 2.67 Properties of the job schedule — General tab

Under the ribbon “Triggers” click “New” to create a new trigger.

General Tnggerms  Seftings

When you schedule a job. you shall specfy what tngger the execution
Trigger Detais

[ Mew. || Ea Delete

Figure 2.68 Properties of the job schedule — Triggers tab

Set the schedule wanted and click “OK”.

DA
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New Tngger X

Schedule Task Start Date Start time

Daly v Tuesday . Febuary 7, 2023 Jv B 3000 AM 2

Settings

Recur every 1 Days
Advanced settings
[[] Repeat task every: 1 for a duration of
[ o ] conce

Figure 2.69 Trigger properties for a job scheduler

Close all windows by clicking “OK”. The job has now the scheduler sign attached. ~ *’E

2.9.3 Edit a job schedule
Job schedules can be an iterative process and schedules may need adjustment.

In this system, the jobs should be executed after each other. The previous job should be finished
before the next one is executed.

Simulation jobs are regarded as one group and should be executed in sequence.

1. 0la_GHM_ERAS5

2. 0lb_GHM_GFS
3. 0lc_GHM_CFS
4. 02a_MHB_GFS
5. 02b_MHB_CFS

Where maintenance related jobs can be seen as another group and can be scheduled
independently.

1. 03_Maintenance
2. 04_DatabaseBackup
3. 05_MakeDailyReport

To modify a job schedule, right click on the job and select “Edit Schedule”.
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i # Start Page

@ & 01b_GH Open

@& 01 GH Copy full path  Ctrl Shifts C
& &P 02a. Delete Del
-4 020 Refresh F5
@& 03
& Rename F2
m"ﬂ 03 Mak¢ Execute...

Create a Schedule...

Edit Schedule...

Unschedule...

Disable

Export...

Import...

Figure 2.70 Job menu to edit a schedule

Select the schedule and click “Edit”.

Job Scheduler - 01a_GHM _ERAS - O x

B

| Ad. | Edt. || Delete

Figure 2.71 Job scheduler properties
Under “Triggers” select the trigger to edit and click “Edit”.
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Job Scheduler - 01a_GHM_ERAS X

General Tnggers Settings

When you schedule a job, you shall specfy what tigger the execution

ok ] comu

Figure 2.72 Job scheduler — Edit trigger option

Select the new trigger time and close with “OK”.

Edit Tngger X
Schedue Task Start Date Sart time
Daty v [ Toesday . Feonay 7.203  [@+| | 73000AM =
Settings

Feoreer i) oo

[[] Repeat task every: 1 houwr foradurationof 1 day

o ] conce
Figure 2.73 Job scheduler — Edit trigger option schedule

Close all windows by clicking “OK”.
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3 System Operation

This chapter describes how the jobs are organized and how the operation is scheduled.

3.1 From Satellite data to MHB Simulations

Satellite data is downloaded by DHI and converted to Dfs2-tiles, which is the forcing data to the
hydrological model of the Hydrological Forecasting Component of the system. The software and
model used in this component is the DHI-GHM (the Global Hydrological Model of DHI). In this
component there are three types of simulations: hindcast, medium range- forecast and seasonal
forecast simulation. For each of the three, datasets of precipitation, temperature and potential
evaporation are prepared. The simulation periods associated with each simulation of the
Hydrological Forecasting Component are depicted in Figure 3.1.

EO Datasets

Precipitation :
Temperature | 1
1

Flow Forecasting System

_________________________________________________________________________________________

Hydrological Forecasting Component !

Potential Today i
+15 days |

evaporation ~ Medium range forecast (GFS)

T Hindcast (ERAS) > o > O

Updated daily
1997

Today '
o Seasonal forecast (CFS) +cd.270 days,

: Updated daily
! Updated daily H
! Today Today Today: i
E -8days -7 days Time of Forecast i
Discharge
Runoff

: Today i

Reservoir E ed . . (GFS)Jr 14 days i
surface area ! edium range forecas i
'i A Medium range ‘ku'pdated daily Today H

1 [ Hindcast (ERA5) O @ecagtiers) + 270 days !

: Updated daily Updated daily | Oseasonal fOrECaSt (CFS) :

: Updated daily :

! Today Today Today Today: !

, -2200days -1year -7 days Time of Forecast i

Figure 3.1  Overview of data-input to the simulations of the DHI-GHM and MHB models within

their respective system components

The DHI-GHM model hindcast simulation is updated daily, where the latest added data is used to
run the simulation, hot started from the previous simulation. This simulation produces another
hotstart, which replaces the previous as “latest status”. It will be used to hotstart the Medium
Range Forecast, MRF, which at the current days’ time at 00:00 will extract its state as hotstart.
However, it will continue simulating until 14 days forecast to simulate MRF GHM results (yellow
arrow of the hydrological forecast component). The MRF hotstart will then be used as input to the
Seasonal Forecast, SF, (orange arrow of the hydrological forecast component), which will
simulate all 20 ensemble members of that dataset (the simulation is run 20 times) and up to about
270 days lead time.

At some locations, discharge and intermediate runoff will be extracted, imported into MIKE
Workbench and set as an input to the MHB model of the flow forecasting component of the
system.
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Moving into the Flow Forecasting Component of the system (bottom half of Figure 3.1), as the
model is not hotstarted, a warmup-period of 2200 days was introduced. Until 7 days prior to the
current day, the outputs of the hydrological hindcast simulation are used (green arrow of the flood
forecasting component) in the simulation, followed by the MRF outputs until the current day,
which is also Time of Forecast (ToF). After ToF, the MHB simulations run using its respective
forecast products (yellow and orange arrows of the flow forecasting component) up until the end

of their respective lead times.

Results are stored within a period of one year before the current day until a set number of days

after ToF (MRF: 15, SF: 270).

3.2 DHI-GHM Simulations

The DHI-GHM model is run operationally. Input datasets are used for the distributed NAM models
and then the Fast Kinematic Router component. Model results are postprocessed to calculate key

indicators. The different components are illustrated below.

=< =

‘ Distributed
Global datasets Forcing NAM models
: zopogra phy Rainfall-runoff models
: .atchments & Estimate Perform routing at:
MVETS 1. Grid level

Parameters
e Landuse

e Soil type

e Historical weather
data
¢ Short-medium
range weather Rivers & )
forecasts Catchments
e Seasonal forecasts

Updated daily

(within grids)

Figure 3.2  Operational workflow of DHI-GHM

3.2.1 General operational workflow

Model
results

Model '
results

Updated daily

The DHI-GHM is scheduled using MIKE Workbench’s Job Manager. A DHI-GHM job usually has

the following targets to execute:

1. Get Forcing Data

Hotstart handling — pre simulation

Simulate rainfall runoff (NAM)

Simulate discharge (Routing)

Hotstart handling — post simulation

Result postprocessing

Result import to MIKE Workbench database

Noo s

Furthermore, each job has 2 targets, called “RunAll” and “SendErrorLog”. “RunAll’-target can be
used to run all the targets neededthe target “SendErrorLog” is started, if one of the targets in

RunAll is erroring. It sends the job-log as html to the recipients, set in the target.
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3.2.2 Simulating hindcast

This section describes the target-workflow of the DHI-GHM hindcast simulation. The job for the
hindcast simulation is called 01la_ERAS.

ﬁ P¥ Start Page | ‘b Ola_M' |
H Dol X
- °¢. 01 E

boif ItemGroup

- % GetData

® % GetHotstarts

+- % RunNAM

+- % RunRouting

3_ % CopyArchiveHotstars

+- & StoreResults

% % ImportGHMResults

Figure 3.3  Job to run DHI-GHM simulations for the Hindcast period
3.2.2.1 Get Forcing Data
This target downloads DHI-GHM forcing data from DHI's Azure blob-storage.

ﬂ’ Start Page | % 012 ERAS
HO D W
- % P
+' -&J Properties

1‘,-:] ltemGroup

b GetData

&g RunScript - Create TempDir
g MakeDir

- & ExportDocument
o Exec

i +& RemoveDir
GetHotstans
RunNAM
RunRouting
CopyArchiveHotstars
StoreResults
ImportGHMResults

i e e el e o S
(S E R e

Figure 3.4  Target for getting forcing data.
3.2.2.2 Hotstart handling — pre simulation

This target ensures hotstart files used by the routing model are in the expected location.
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zﬁg‘[:]a_lzms 5[4 | =
=gt) Properties _—
@ WorkDir ¥ wm .
:I'l"_] ltemGro Categary MS5Buld Task
i_"'_'_ Ge‘lﬂalmup Descrplion Rurs the specified program or command with the specified arguments
iy Gothotatarts DesplayNarme GelRouting
5T . MName Exec
I by GetRouting
B 4 FunhAM v Mandsiory . . o .
+  RunRouting =T copy © \Hotstart \ERAS\Routing\latest\*_hot csv™ *_\Results\ERAS\Routing\" /S /Y /|
4 3 CopylrchiveHotstars e - .
e 4 StoreResults .ll?:r::.“ =€
4~ % ImpertGHMResults ToclPath
Working Directory S(Work Dir)
v Output
ExitCode
Outputs
StdErEncading
StdOut Encoding
+ Processing Instructions
Condtion
ContinueOnEmror False
Enabled True
Figure 3.5  Target for Hotstart handling

3.2.2.3 Simulate rainfall runoff (NAM)
This target runs the NAM simulation of the DHI GHM model.

HO B AN X

Exec

=%y 01a_ERAS

=4l Properties

@ WorkDir

k3] hemGroup

- GetData
GetHotstarts
RunNAM
+& RunNAM
RunRouting
CopyArchiveHotstars
StoreResults
ImportGHMResults

(B #
(S

e s
[P A

THIE
v Description
NSBuid Task

Uescription d program or command with the specified arguments
DisplayName
Name

v Mandatory
Command " \Tools\Global HydroRunner_MIKE2022\Global HydroRunner_exe™ + *_.\Configuration\ERA5\NAM conf "

IgnoreExitCode False

Working Directory $(WorkDir)
v Output

ExtCode

Figure 3.6

Target for Simulating rainfall runoff (NAM)

3.2.2.4 Simulate discharge (Routing)

This target runs the routing component of DHI-GHM model.

= ‘?g; 01a_ERAS L EI=]
G 3] Properte v Description
L MSBud Tas
: : GetHotstars Description Runs the specified program or command with the specified arguments
" "
5 2 Funkial Ovpleyhane Runfouting
= & RunRouting = = i
L., * RunFouti Mandatory
+& RunRouting Command *.\Tools\Fast KinRouter\Fast KinRouter exe™ *. \Configuration\ERAS\Routing.conf "
i % CopyArchiveHotstars v Optional
- % SioreResulis lgnoreExtCode False
# & ImportGHMResults Timeout
ToolPath
‘WorkingDirectory $(WorkDir)
v Output
ExtCode
Chgpat
Figure 3.7  Target for running routing

3.2.2.5 Hotstart handling — post simulation

This target has 2 steps:

1. To copy NAM hotstart files to latest folder, so they can be used by the next simulation
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§-4 Gulels
&) & GetHotstarts ——" R a asdol
2 & RunNAM wwm cmw
- & RunRouting Name RunScrit
%, CopyArchiveHotstars v Mandatory
+& CopyNaM e /GHM_FileHandling/CopyHot st art NAM
+& CopyRouting v Optional
#- & SworeResults P1 $(Work Dir)\_\Results\ERAS\NAM
B3 InpoGHiResus P2 $(Work Dir)\ \Hotstart \ERAS\NAM
b SGI‘\GE"OOLOQ P3 True
Pe

Figure 3.8  Target for Hotstart handling after simulation — step 1

2. Copy Routing hotstart files to latest folder, so they can be used by the next simulation.

3 5 RunAll v Description
9 4 GeData
i & GetHotstarts T Runs a scrot
3 & RunNAM DisplayName CopyRouting
3 % RunRouting Name Run Soript
%, CopyArchiveHotstars v ory

+& CopyNAM Serpt /GHM_FileHandling/CopyHot start Routing

+& CopyRouting v Optional
3 % StoreResults P1 $(Work Dir)\_\Results \ERAS\Routing
3 % ImportGHMResuits P2 $(Work Dir)\ \Hotstart \ERA5\Routing
il & SendErrorLog P3 True

P4

Figure 3.9  Target for Hotstart handling after simulation — step 2
3.2.2.6 Result postprocessing

This target creates a long timeseries into folder “..\Results\ERA5_full\Routing” and then updates
the long timeseries with most recent data.

=% 01a_ERAS ERYIE
& “J Properties - —
[l o VS6uld Tesk
1 j GetHolsta Description Funs the specified program or command with the specfied arguments
iy s DisplayMame Store 1D
+ & RunhAM Mame Exec
4~ % RunRouting - | - S
[ B 3 o n
#- & CopybrchveHolstart Command python " \Tools\py\Store 1DResults py” - " \Results\ERAS\Routing” 4 * \Results\ERAS_full\Routing”
T 1 v Opional
[ [ SoeelD lgnore ExtCode False
+ Extract2Dfs0
Timeout
4 % ImportGHMResults ToolPath
WaorkingDirectory $(Work Dir)

Figure 3.10 Target for Result postprocessing —step 1

Then it extracts the timeseries at given locations and export to Dfs0 files.

= 01a_ERES
o] Properties
;,:j I:;nDGr;up MSBuid Task
i s Geﬁ;m Description Runs the specfied program or command with the specified arguments.
5 . s DisplayMame Extract 2Dis0
@ 4 RunNAM Name Exec
- & RunRouting ~ ﬁ-ﬂm \ERA5_full\Rout \Results\Catchment,
B A
: f g;;‘.,m:;:wsm Mance python ™ \Tools\py\Extract Timesesies py” - " \Resuits ; full ing™ 4 ™. ACat _DFSO\ERAS” -setup " \Tools\py\SetupFiles™
=k eRes ~ Optional
| ol SerelD Ignore ExtCode False
| P Exrac2Dfs0 Timeow
+- & ImportGHMResults ToolPath
WorkingDirectory S(WorkDir)

Figure 3.11 Target for Result postprocessing — step 2
3.2.2.7 Resultimport to MIKE Workbench database
This targets imports Dfs0 files into MIKE Workbench database.
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RunAll

v Description
GetData

GetHotstarts v Ay

RunNAM DaplayName
RurROUﬁﬂq Name 0
CopyArcheveHotstars v

+& CopyNAM
+& CopyRouting o
StoreResults
ImportGHMResults
+& RunScript
SendErrorLog

IR CRCRCR
L L e L e

/Datalmport /Do import FromDfs0 Tool

$(Work Dir)\_\Results\Catchmert _ DFSO\ERAS
/Upper_Hong_Thai_binh/ERAS
False

(D S 4

Mandatory
Scrpt

P1

P2

P3

P4

o %

Figure 3.12 Target for importing Results

3.2.3 Medium range forecasting

This section describes the target-workflow of the DHI-GHM Medium range forecasting simulation
(GFS).

= % 01b_GFS

gl Properties

atl temGroup

i GelData
GetHotstars
RunMAM
FunRouting
CopylrchiveHotstars
SioreFesults
ImportGHMResults

N O B O O B
[E L R E e

Figure 3.13 Job to run Medium range forecasting

3.2.3.1 Get Forcing Data
This target downloads DHI-GHM forcing data from DHI’'s Azure blob-storage.

- # GetDats
-+ RunScript - Create TempDir
bl MakeDir
"+ ExportDocument
by Exec
i .,_a Removelir

Figure 3.14 Target for getting forcing data
3.2.3.2 Hotstart handling — pre simulation

This target ensures hotstart files used by the routing model are in the expected location.

% GetHolstarts Lategor B
B 5 A . . .
' i Description Runs the specified program or command with the specified argument
i~y DeletePreviousNAM ‘
-4 DeletePreviousRouting F:ﬁ?”aﬂe l::::t:leﬁenmﬂm
gy GethlAM " - Exec
g gfu:(;;nzggFS Comemiand del /= /q . \Hotstart\GF5\latest ERAS\NAM\" stald”
- .
B 4 RunNAM mc N
- % RunRouting 'Ifn::u 2 False
‘& RunRouting Tonpath
o oatare WorkingDirectory $(WorkDir)
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7 TSBORE TES
R ;tDZ‘Is'tM:. Description Runs the specified program or command with the specified arguments
o etePreviousNAM DisplayN. 2 X
3 ame ePreviousRout
-5 DeletePreviousRouting R a:ﬂ' g i
g gett:AM v  Mandatory
4 GetRouting Command del /s /q " \Hotstar\GFS\latest_ERAS\Routing\" csv"
+g Routing2GFS v Optional
& 4
R Ignore ExitCode False
= & RunRouting Timeout
g RunRouting ToolPath
& % CopyArchiveHotstars WorkingDrectory $(WorkDir)
& & StoreResults R - S
= 5 zt';::i:mim . E::.;I;,,;:ne :;"‘;L;?H?D‘_CFEC program or command with the specified arguments
+-, DeletePreviousRouting Name Exec
o GethiAM v Mandstory
- GetRouting Command xcopy ".\Hotstar\ERAS\NAM\latest\" stald" . \Hotstart\GFS\latest_ERAS\NAM\" /S /Y /1
Ly Routing2GFS v Optional
- & RunhAM IgnoreExitCode False
= & RunRouting Timeaut
g RunRouting ToclPath
#- & Copylrchivetiotstars WorkingDrectory $(WorkDir)

GetHotstarts T

B 4 i : ' ;
. . Description Runs the specified program or command with the specified arguments
i~+ds DeletePrevioushAM Routing
e DeletePreviousRouting IDi::Inyane E:'
gy GethAM v Ilanda .
| - i =X
g g:tL:MngﬁngiFS Command xcopy ". \Hotstart \ERA5\Routing\latest\" _hot csv" ™. \Hotstart \GFS\latest_ ERAS\Routing\" /5 /Y /1
B & RunNAM N I ExitCode Fal
- % RunRouting :‘mu ’ -
“~ss RunRouting T:::!h
- & CopyhrchiveHoistars WotkingDrectory $(WorkDir)
R :";3“:;5 . a—— Runs the specified program or command with the speciied arguments
etePrevious i
| DisplayN Routing2GFS
i DeletePreviousRouting r::.lfy - Exec "
iy GethAM v Mandat . Results
; o
j g:tu:mnng Command xcopy ". \Hotstart \GFS\latest_ERAS5\Routing\"_hot.csv™ ™.\ NG FS\Routing\™ /5 /Y /1
- 4 RunMAM v | ExitCade Fal
= % RunRouting _?"D'! ° -
) ut
“~as RunRouting T::J!:Hh
#- % CopyhrchiveHotstars Worki
# & CopyArchiv orking Directory $(Work Dir)

Figure 3.15 Target for Hotstart handling —step 1to 5
3.2.3.3 Simulate rainfall runoff (NAM)
This target runs the NAM simulation of the DHI GHM model.

- == = =
B & RunbAM  Preperties
- UpdateConfigs
i RunhlAM =
% RunRouting |84 |
B & CopylrchiveHotstars v Descriphion
@ % StoreResults MSBuild Task
- & ImportGHMResults Desorption Funs the specified program or command with the specfied argumerts
DisplayName UpdateConfigs
Name Exec
~ Mandatory
Command python "_\Tools\py\UpdateConfig_GFS py” -nam "_\Configuration\GFS\NAM conf” -routing " \C: conl” -dis "\ |_ofs\340.dfs2"
~ Optional
lgnoreExtCode False
Timeout
ToolPath
WorkingDirecory $(WorkDir)
P

Figure 3.16 Target for Simulating rainfall runoff (NAM)
3.2.3.4 Simulate discharge (Routing)

This target runs the routing component of DHI-GHM model.
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=} % RunRouting Exec
+& RunRouting S
#- & CopyArchiveHotstars #= 2
#- & StoreResulis v Description
& & ImpotGHMResults Category MSBuid Task
Description Runs the specified program or command with the specified arguments
DisplayName RunRouting
Name Exec
v Mandatory
Command “_A\Tools\Fast KinRouter\Fast KinRouter_exe™ "_ \Configuration\GFS\Routing conf"
v Optional
lgnore ExitCode False
Timeout
ToolPath
WorkingDirectory $(WorkDir)

Figure 3.17 Target for running routing
3.2.3.5 Hotstart handling — post simulation
target has 2 steps:

1. To copy NAM hotstart files to latest folder, so they can be used by the next simulation

= 4 CopyArchiveHotstars dhrdeonnis
g CopyNAM o= Al
“—sg CopyRouting 7t =
$ f SoreRovdls Category DSS Script Manager
@ & ImportGHMResults Descriptior Runs a scnpt
DisplayName CopyNAM
Name RunScript
v Mandatory
Script /GHM_FileHandling/CopyHotstartNAM
v Optional
P1 $(Work Dir)\..\Results\GFS\NAM
$(Work Dir)\. \Hotstart \GFS\NAM
P3 True

Figure 3.18 Target for Hotstart handling after simulation — step 1

2. Copy Routing hotstart files to latest folder, so they can be used by the next simulation.

T

4 CopyArchiveHotstars

‘5 CopyNAM (4 |
44 CopyRouting
- % StoreResulis v .w . DSS Scrint Manacer
3 4 |ImpotGHMResults L:Si'”“'“__w Rur -s;-sL:p: =
DisplayName CopyRouting
Nams RunScript
v Mandatory
Script /GHM_FileHandling/CopyHotstart Routing
v Qxiond

$(Work Dir)\. \Resuilts\GFS\Routing
sMorkusr)\ NHotstart \GFS\Routing

[

Figure 3.19 Target for Hotstart handling after simulation — step 2
3.2.3.6 Result postprocessing

This target creates a long timeseries into folder “..\Results\GFS\Routing”.
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5 % StoreResults o 2]
+& Extract2Dis0 v Description
@ & ImportGHMResults [Category  [AEINIER S
Description Runs ¢ pecfied program or command with the specfied arguments
DisplayName Extract2Dfs0
Name Exec
v Mandatory
Command python “_\Tools\py\Extract Timeseries py” -s ". \Results\GFS\Routing™ 1 " \Resuits\Catchment_DFSO\GFS" -setup "_\Tools\py\SetupFiles"
v Optional
IgnoreExtCode False
Timeout
ToolPath
WorkingDirectory $(WorkDir)

Figure 3.20 Target for Result postprocessing

3.2.3.7 Resultimport to MIKE Workbench database

This targets imports Dfs0 files into MIKE Workbench database.

= % ImportGHMResults  Properties
iy RunScript - DolmportFromDis0Tool
=2
v Description
D55 Script Manager
Description Runs a acript
DiaplayMame RunScript - Dolmport FromDi=0Tool
Name RunSecript
w  Mandatory
Script fDatalmport /Do lmport FromDis0Tool
v  Optional
P S(Work Dir)\._\Results\Catchment_ DFS0NGFS
p2 fUpper_Hong_Thai_binh/GFS
P3 False

Figure 3.21 Target for importing Results

3.2.4 Seasonal Forecasting

This section describes the target-workflow of the DHI-GHM Seasonal forecasting simulation

(CFS).

= % 01c_CFS

- 4] Properties

i ge| lemiGroup
GetData
GetHotstaris
Buni&h
RunHouting
SioreResults
ImpartGHMReswlts

L#*

[ B e e B N e
L Lk L+ L

Figure 3.22 Job to run Seasonal Forecasting

3.2.4.1 Get Forcing Data

This target downloads DHI-GHM forcing data from DHI's Azure blob-storage.
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& 4 GetDats Exec'
¥ ,& RunScript - Create TempDir
"+ MakeDir o%lal |2
i+ ExportDocument = —
[ - eI 52 T
'"i it Description Runs the specified program or command with the specified arguments
& 4 GetHotstarts DisplayName Exec
# 2 RunNAM oo Erac
- % RunRouting = ' -
3} 2 “hdd
s Command CopyCFS_from_FTP bat "$(WorkDir)"
v Optional
IgnoreExitCode False
Tmeout
ToolPath
WorkingDirectory $(TempDir)

Figure 3.23 Target for getting forcing data

3.2.4.2 Hotstart handling — pre simulation

This target ensures hotstart files used by the routing model are in the expected location.

= 1'1 GetHotstarts
iy DeletePrevicusNAM
b DeletePreviousRouting ) M5Buid Task
+ix Geth AN Description Auns the specified program or command with the specified arguments
=y GetRouting DisplayNam DeletePreviousNAM
"4 Routing2CFS Mame Exec
B % FunMAM +  Mandatory
- % RunRouting Command del /= /g ". \Hotstart\CF5\latest_gfs\NAM\" stald”
#- 4 StoreResulis *  Optional
- & ImportGHMResults IgnoreExitCode False
Timeout
ToclPath
Working Directory $(WorkDir)
b % GetHotstaris HESE
iy DeletePreviousNAN ~ Description
4 DeletePreviousRouting Category MSBuilld Task
gy GetNAM Description Auns the specified program or command with the specified arouments.
i GetRouting DisplayMName DeletePrevious Routing
s Routing2CFS Mame Exec
- & FunMAM +  Mandatory
#- % RunRouting Command del /= /g " \Hotstart\CF5\latest_gfs\Routing\" csv"
Bl % StoreResulis ~  Optional
#- 4 ImportGHMResulis Ignore ExtCode False
Timeout
ToolPath
Working Directory $(WorkDir)
- & GelHotstaris
- DeletePreviousNAM
44 DeletePreviousRouting MSBuild Task
| GethAM Runs the specified program or command with the specified anguments
+& GetRouting GetNAM
..... i Routing2CFS Exec
F- & RunMNAM
#- & RunRouting xcopy “..\Hotstart \GFS\NAM\latest\" stald" . \Hotstart \CFS\latest_gfs\NAM" /S /Y /1
- % StoreResulis i
& 4 ImportGHMResults IgnoreExitCode False
Timeout
ToolPath
Working Directory $(Work Dir)
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= % GetHotstarts . TE¥
b, DeletePreviousNAM v Description
e DeletePreviousRouting MSBuild Task
_’4 GethAM & ioin Runs the specified program or command with the specified anguments
- 44 GetRouting DisplayName Get Routing
v Routing2CFS Name Exec
- & RunhNAM v Mandatory
#- % RunRouting Command xcopy “. \Hotstart \GF5\Routing \Jatest\"_hot csv™ “_\Hotstart\CF5\latest_GFS\Routing\" /5 /Y /I
B 4 StoreResults v Optional
F- 4 ImportGHMResults lgnore ExtCode False
Timeout
ToolPath
WorkingDirectory $(Work Dir)
[ % GetHotstars s [2¥
b, DeletePreviousNAM v Description
L@ DeletePreviousRouting Cal M5Buid Task
Loy GethAM Descriptics Runs the specified program or command with the specified arguments.
+- % GetRouting Displayham Routing2CFS
‘- Routing2CFS Name Exec
B & RunMAM ~ Mandatory
#- & RunRouting Command xcopy . \Hotstart \CFS\latest_GFS\Routing\_hot_csv” . \Results\CF5\Routing\" /S /Y /I
#- 4 StoreResulis v  Optional
#- % ImportGHMResults Ignore ExitCode False
Timeout
ToolPath
WorkingDirectory $(WorkDir)

Figure 3.24 Target for Hotstart handling — step 1 to 5
3.2.4.3 Simulate rainfall runoff (NAM)
This target runs the NAM simulation of the DHI GHM model.

= % RunNAM v Descriplion
.+ UpdateConfig T 150 Task
e RunNAM Description Runs the speciied program or command with the specified arguments
[ % RunRouting DisplayName UpdateConfig
[#- % StoreResulis Name Exec
- % ImportGHMResults ~ Mandatory
Command python “. \Tools\py\UpdateNAMConfig_CFS py” -conf “_\Configuration\CFS\NAM conf"” -hot “. \Hotstart\CF5\atest_gfs\NAM\" stald™
v Outionsd
Ignore ExitCode False
Timeout
ToclPath
Woarking Directory $(WorkDir)
= % RunMNAM v Description
b UpdateConfig MSBuid Task
s RunNAM Description Runs the specified program or command with the specified arguments.
[#- % RunRouting DisplayName FunNAM
- % StoreResults Name Exec
- % ImportGHMResults v  Mandatory
Command . ATools\GlobalHydro Runner MIKE2022\Global Hydro Runner exe” -+ *. \Configuration\CFS\NAM .conf*
~ Optional
Ignore ExtCode False
Timeout
ToclPath
WorkingDireciory $(WorkDir)

Figure 3.25 Target for Simulating rainfall runoff (NAM) — step 1 and 2
3.2.4.4 Simulate discharge (Routing)

This target runs the routing component of DHI-GHM model.

= & RunRouting =T E ¥
i RunRouting
il % StoreResults MSBuid Task
- % ImportGHMResults Runs the specified program or command with the specified arguments
DisplayMNam RunRouwting
MName Exec
~  Mandatory
Command " ATools\Fast KinRouter\Fast KinRouter.exe” . \Configuration\CF5S\Routing.conf ™
“ Optional
lgriore ExitCode False
Timeout
ToolPath
Working Direciory $(WorkDir)

Figure 3.26 Target for running routing
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3.2.4.5 Result postprocessing
This target creates a long timeseries into folder “..\Results\GFS\Routing”.

G- % StoreResults MSBuid Tas
-+ Extract2Dis0 Description Runs the specified program or command with the specified argumernts
- % ImpontGHMResults DrsplayName Extract2Dfs0
Name Exec
~ Mandatory
Command python “_\Tools\py\Extract Timeseries py” = ~_\Results\CF5\Routing” 4 . \Results\Catchment_DFSO\NCFS" -setup " \Tools\py\SetupFiles” -ens 20|
~  Optional
lgnore ExitCode False
Timeout
ToolPath
Working Directary $(WorkDir)

Figure 3.27 Target for Result postprocessing
3.2.4.6 Resultimport to MIKE Workbench database
This targets imports Dfs0 files into MIKE Workbench database.

% ImportGHMResults 9 /I\
+& RunScript = =
Category DSS Script Manager
DisplayName Run Script
Name RunSesipt
v  Mandatory
Seript /Datalmport /Dolmport FromDfs0Tool
v Optional
P1 $(Work Dir)\_\Results\Catchment_DFSO\CFS
P2 /Upper_Hong_Thai_binh/CFS
P3 True

Figure 3.28 Target for importing Results

3.3 MHB Simulations

The MHB simulations are run after the DHI-GHM simulation and are composed of 4 runs:

- Medium range forecasting with data assimilation (DA)
- Seasonal forecasting with DA

- Medium range forecasting without DA

- Seasonal forecasting without DA

Using the hierarchy, MHB simulations use input timeseries from the GHM. The input timeseries

are merged timeseries, as in

3.3.1 Medium range forecasting

This job runs the MHB simulation for the Medium range forecast.

“4 02a_MHB_GFS
H O
= % A
—1-gl Properties
i =@ scenanoPath_With_DA
@ outputFolder
- @ scenaniolame_With_DA
@ ScenanoPath_MNo_DA
i@ Scenanichame_No_DA
(gl ltemGroup
) Rundll
DownloadEQData
RunGFSForecast_\with_DA
RunGFSForecast_Mo_DA
SendErrorLog

s e o
L+ L+ L* L+ Lw

Figure 3.29 Job to run MHB simulation for the Medium range forecast
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For the job, the following properties are defined:

Properties Value ‘

/Group of
scenarioPath_With_DA | Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/GFS
Upper_Hong_Thai_binh_With DA

outputFolder Model Output
scenarioName_With DA | GFS Upper_Hong_Thai_binh_With DA

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_ No
_DAJ/GFS Upper_Hong_Thai_binh_ No DA

scenarioName_No DA | GFS Upper_Hong Thai_binh_ No DA

scenarioPath_No_DA

EO_Filename China-RK-reservoir-monitoring.csv

The first step is to download the EO data. Data is downloaded from an azure blob-storage to a
temporary directory and then processed using the script “/Datalmport/ImportEOData”

= Sy 022 MHE_GFS " Properties
El-gl Properties [ .
RunS
i @ scenancPath_With_DA nSoript
@ outputFolder oul4) |
-- @ scenarioName_With_DA
@ ScensricPath_No_DA ¥ '°" TN —
- @ ScenanioName_No_DA o __‘_ Rura J,rJ )
@ ED_Filename . e
5] hemGroup DisplayMame RunScript - Impot EOData
P2 Name RunScript
- & RunAll
~  Mandalory
£ & DownloadEOData . D /7l "
i [~ RunScript- Create TempDir = Scn?t a EOData
+ie MakeDir PDU] thonad i es
+% RunSeript - Export azcopy. exe P $(TempDir\S(EO_Fil )

- ap ExportDocument - Download_Resenn
+& Exec - Download_ReservoirData
s8¢ RunScript - Impot EOData
i +f RemoveDir
& & RunGFSForecast With DA
- & RunGFSForecast_No_DA
- % SendErrorLog

Dadeud

Figure 3.30 Target to download the EO data

Then both scenarios based on GFS data are run: with DA and without DA. This workflow
describes the simulation with DA. No DA follows the same procedure with accordingly changed
parameters.

It should be noted that the script /Processing/AfterOutputCreatedDelegate is run after the
simulation to keep only 1 year before TOF.
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- @ scenanoPath_with_D&
# outputFolder

¢ scenanoMame_With_DA

" @ ScenarioPath_No_DA

- @ Scenanohame_No_DA

¢ ED_Filename

H.; RunScenario

| i SimulationPath : SimulationPath
----- -+ RunScript - Copy Results

i + RunScript- CalculateStatistics

- & RunGFSForecast_No_DA

| By RunScenario

I i SimulationPath : SimulationPath
----- +& RunScript - Copy Results

| “eud RunScript- CalculateStatistics

B- & SendErrorLog

Properties

RunScenario

24l |3

~ Description
Category
Description
DisplayName
Name

~  Mandatory
Scenario

~ Oplional
AfterOutputCreated
AfterSimulation Script
Approve
Before Simulation Script
EndTime
Quitput TimeseriesDisposition
Output TimeseriesGroup
Start Time
Time(fForecast

v Output
Simulation Path

~ Processing Instructions
Condition
ContinueOnEmor
Enabled

DSS Scenario Manager
Runs a scenario
RunScenario

RunScenario

${scenarioPath_With_DA)

/Processing/AfterOutput Created Delegate

True

False
True

Figure 3.31 Target to run MHB scenario with GFS

Then results of MHB scenario with GFS are copied to an output folder.

=%y 02b_MHB_CFS  Properties
=-%| Properties -
- @ scenanoPath_With_DA FunScipt
@ outputFolder
— @ scenanoName_With_DA
@ scenanioPath_No_DA Sy —
- @ ScenanoName_No_Da D55 Senpt Manag
: @ EO Filename Description Runs a script
5] hemGroup DisplayName RunScript - Copy Results
+- & RunAll Name Run Script
#- & DownloadEOData v Mandatory !
& & RunCFSForecast_With_DA . Script /Uil /CopyResult
o *2 gm?gw Results P1 $(SimulationPath) .
.+ RunScript- CalculateStatistics gg /$(output Folder)/${scenarioName_With_DA)
£ & RunCFSForecast_No_DA P4
¢ [#-3& RunScenario 2
-+ RunScript - Copy Results P
! »& RunSeript- CalculateStatistics 5
#- & SendErrorlog
P8
DO

Figure 3.32 Target to copy results of MHB scenario with GFS

Finally, the statistics are calculated based on the output time series.
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DA

Pr
@ scenancPath_With_DA
W outputFolder

----- # scenanoMame_With_DA
W scenanoPath_No DA
# Scenanolame_Mo_Da
W

B |m'p|t53?;§:ename DésplayName RunScript - CalculateStatistics
& & Rundl Name RunSeript
- & DownloadEOData v Mandstary _ S
£ % RunCFSForecast With DA S Script /Processing/Calculate Statistics
| @ Rundconeria P1 ${SimulationPath)

“ o RunScript - Copy Results 0 - oo With_ DA
i gy RUNScript- CalculsteSiatistics P3 /$(output Folder)/$(scenari _With_|
B & RunCFSForecast No_DA P4

[#-4% RunScenario ps

“.ufp RunScript - Copy Results oo
i Sy RunSeript- CalculateStatistics o0
- & SendErrorlog P3

P9

Description

D55 Script Manager
Runs a script

Figure 3.33 Target for calculating statistics

Time

=] fg Database (by Group)

i LongtermStatistics
- With_DA

i g No_DA

# Model Output

| [#-@ CFS Upper_Hong_Thai_binh_No_DA
| ) CFS Upper_Hong_Thai_binh_With_DA
| -@m GFS Upper_Hong Thai_binh_No_DA

pper_Hong_Thai_binh_With_DA

>
G-l 10-daily Longterm
- Monthly

Z 8 Monthly Longterm

7>, i Seasonal-6-Monthly Longterm
i Yearly
@ Yearly Longterm
L C33|Mass balance
- €33|Runoff
Lz H100{Net flow to node
Lz H101|Net flow to node
L H102|Net flow to node
L H83|Net fiow to node
¢ HBS5|Net flow to node
L H86|Net flow to node
v HB8|Net flow to node
L H89|Net flow to node
L H90|Net fiow to node
lz H91|Net flow to node
L H92|Net flow to node
kv H98|Net flow to node
Lz N10|Net flow to node
L N103|Net flow to node
¢ N104|Net flow to node
L N105{Net flow to node
-} N106{Net flow to node
kv N107|Net flow to node
Lz N108jNet flow to node

F-

i L N109iNet flow to node

Figure 3.34 Folder structure of the Medium Range Forecast Model Output time series

including statistics (indicators)

3.3.2 Seasonal Forecasting

This job runs the MHB simulation for the Seasonal forecast.
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BE™ 02 e Crs|

-1- 4] Properties
scenanoPath_With_DA
outputFolder
scenznoName_With_DA
scenarioPath_No_DA
ScenanoName_No_Da
EQ_Filename
temGroup
RunAll
DownloadEOData
RunCFSForecast_\With_DA
RunCFSForecast_No_DA
SendErrorLog

LS U S U SRS

+
Le Le L+ L» 0

Figure 3.35 Job for running the MHB simulation for the seasonal forecast
For the job, the following properties are defined:

Properties Value

/Group of
scenarioPath_With_DA | Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_With_DA/CFS
Upper_Hong_Thai_binh_With_DA

outputFolder Model Output
scenarioName_With_DA | CFS Upper_Hong_Thai_binh_With_DA

/Group of Upper_Hong_Thai_binh/Upper_Hong_Thai_binh_ No
DA/CFS Upper Hong Thai_binh_ No DA

scenarioName_No DA | CFS Upper_Hong_Thai_binh_ No DA

scenarioPath_No_DA

EO Filename China-RK-reservoir-monitoring.csv

The first step is to download the EO data. Data is downloaded from an azure blob-storage to a
temporary directory and then processed using the script “/Datalmport/ImportEOData”.

=% 02b_MHB_CFS " Properties
£ Properties ey
g temGroup
G- % RunAl 24l |
-+ & DownloadEOData
[#+4% RunScript - Create TempDir =L ptlnn e
2 st 55 Scrt Mansger
. Description Runs a script
*uis RunScript - Export azcopy exe RunScript - Imoot
+% ExportDocument - Download_Reservoir_Data P:fl:yName S EOData
4 Exec - Download_ReservoirDsta - lll ; L
.,; RunScript - Impot EOData
i -3 RemoveDir Scrpt /Datalmport/ Import EOData
% % RunCFSForecast With_DA v ':""’“" ! )
: Reserveir Curves/Curves
k- & RunCFSForecast_No DA 2 Di
+- & SendErrorLog ${TempDir) - )

F3
P4

DE

Figure 3.36 Target to download the EO data

Then both scenarios based on CFS data are run: with DA and without DA. This workflow
describes the simulation with DA. No DA follows the same procedure with accordingly changed
parameters.

It should be noted that the script /Processing/AfterOutputCreatedDelegate is run after the
simulation to keep only 1 year before TOF.
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_MHE_CFS

Properties

- @ scenanoPath_with_DA

@ outputFolder

----- @ scenanoName_With_DA
@ scenarioPath_No_DA

- i@ ScenanoName_No_Da
o

E‘?L

# DownloadEQData
£ & RunCFSForecast_\With_DA
| E-adh RunScenario
| e SimulationPath : SimulationPath
----- +& RunScript - Copy Results
+& RunScript- CalculateStatistics
5 3. RunCFSForecast_No_DA
- & SendErrorlog

| Properties

RunScenario

=]

v Description
Category
Description
DisplayName
Name

~  Mandatory
Scenario

v  Optional
AfterOutputCn .
ﬂﬂerSiTuIdlmSc:pt
Aoprove
Before Simulation Script
EndTime
Output TmeseriesDisposition
Output TmeseriesGroup
Start Time
Time(f Forecast

v Output
Simulation Path

~ Processing Instructions
Condition
ContinueOn Emor
Enabled

/Processing/AfterOutput CreatedDelegate

55 Scenario Manager
Runa a scenario
RunScenario

RunScenario

${scenarioPath_With_DA)

True

False
True

Figure 3.37 Target to run MHB scenario with CFS

Then results of MHB scenario with CFS are copied to an output folder.

= %3 02b_MHB_CFS ¢ Properties
=] Froperties I 3
‘J- @ scenanoPath_\with_DA RunScript
v aLdmeoI:u . =4 |3
----- ¥ scenznioiame_With_DA
@ scenanoPath_No_DA M ﬂlﬂl‘l - ,
- i@ ScenanoMame_No_Da DSS Scaipt Manager
i - EO_Filename - Description Runs a script
. g‘.l temGroup DisplayMame RunScript - Copy Results
1:-}- % Rundll Name RunScript
@ % DownloadEOData V¥ Mandatory ]
£} & RunCFSForecast With_DA . g‘;" - /Uil CopyResult
Fl--,§ RunScenario Pl $(SimulationPath)
oy SimulationPath : SimulationPath _
_____ +& RunScript-Copy Resulls P2 /%(output Folder)/${scenarioName_With_DA)
+ RunScript- CalculateStatistics ::i
TN RunCFSForecast_No_DA Ps
il & SendErrorlog P
P7
P2
]
v Output
Result
Bas it

Figure 3.38 Target to copy results of MHB scenario with CFS

Finally, the statistics are calculated based on the output time series.

=% 02b_MHB_CFS
El d Properties
- scenanoPath_Wwith_Da
¥ outputFolder
----- ¥ scenanoMame_\With_DA
¥ scenarioPath_No DA
-~ @ ScenarioName_Mo_Da

i =@ EO_Filename
| Itemeup
- & RunAll
& % DownloadEOData
£+ & RunCFSForecast_With_DA
i E-+fs RunScenario
I 4% SimulationPath : SimulationPath
----- +4¢ RunScript - Copy Results
+i RunScript- CalculateStatistics
- & RunCFSForecast_No DA

B & SendErrorLeg

| Properties
RunSeript

li—_ .tl | |
+ Description

Description
Display Mame
MName

~  Mandatory
Serpt

~ Dptional
P1

0SS Script Manager

Runs a script
RunScript - Calculate Statistics

Run Script
/Processing/Calcul ate Statistics

$(Simul ationPath)
/Sloutput Folder)/${scenarioMame_With_DA)

Figure 3.39 Target for calculating statistics
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|
* Time series
—=
== Database (by Group)
LongtermStatistics
# With_DA

@ @ No_DA
=l Model Output
[+ @ CFS Upper_Hong_Thai_binh_No_DA
[BR ] CFS Upper_Hong_Thai_binh_With_DA
Indicators
10-daily
- 10-daily Longterm
* 25-percentile Ensemble
50-percentile Ensemble
g 75-percentile Ensemble
& il Mean Ensemble
G- Monthly
G- @ Monthly Longterm
il Seasonal-6-Monthly
Seasonal-6-Monthly Longterm
Yearly
+-j Yearly Longterm
¥ c331Mass balance
~JZ C33|Runoff
¥ H100iNet flow to node
§Z H101|Net flow to node
~§Z H102|Net flow to node
{2 H83|Net flow to node
--}pZ HB5|Net flow to node
{2 Hss|Net flow to node
[Z Hes|Net flow to node
% H89|Net flow to node
{2 H90|Net flow to node
¥Z H91|Net flow to node
2 HI2|Net flow to node
{2 H9s|Net flow to node
~§Z N10|Net flow to node
{2 n103[Net flow to node
~f¥ N104|Net flow to node
B2 n105|Net flow to node
B2 N106|Net flow to node
Y2 N107|Net flow to node
¥ n108|Net flow to node
-§Z N109|Net flow to node
P2 N11|Net flow to node
-7 N110{Net flow to node
-2 N111|Net flow to node

Figure 3.40 Folder structure of the Seasonal Forecast Model Output time series including
statistics (indicators)
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3.4 Result inspection

The day-to-day operation should include the visual inspection/evaluation and possibly extraction
of the key timeseries of trans boundary inflows to Vietnam for further processing or input to

downstream models.

This concerns the following output time series:

MIKE HYDRO Basin Results

Type of data

Location

N12 |Net flow to node

Simulated transboundary flow

Da at Border

N32|Net flow to node

Simulated transboundary flow

Nam Na + trib at border

N19|Net flow to node

Simulated transboundary flow

Chay at border

N21|Net flow to node

Simulated transboundary flow

Lo at border

N22|Net flow to node

Simulated transboundary flow

Mien at border

N23|Net flow to node

Simulated transboundary flow

Nho Que at border

N24|Net flow to node

Simulated transboundary flow

Gam At border

Other results of relevance could be the results at the Viethamese calibration stations:

MIKE HYDRO Basin Results Type of data Location
N44|Net flow to node Simulated flow LaiChau GS
N34 |Net flow to node Simulated flow Lao Cai GS
N80|Net flow to node Simulated flow Bao Yen GS
N47|Net flow to node Simulated flow Dao Duc GS
N57|Net flow to node Simulated flow Bac Me GS
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Also the various modelled output for the reservoirs in China and Lai Chau might be relevant to

consult, i.e.:

MHB

Results | Type of data Location

R? Water Level, Stored Volume, Net flow to node, Outflow to river, vavanachan
Outflow to HP yang
Water Level, Stored Volume, Net flow to node, Outflow to river, .

R60 Shimenkan
Outflow to HP

R62 Water Level, Stored Volume, Net flow to node, Outflow to river, Longma
Outflow to HP

R68 Water Level, Stored Volume, Net flow to node, Outflow to river, Jupudu
Outflow to HP P
Water Level, Stored Volume, Net flow to node, Outflow to river,

R70 Gelantan
Outflow to HP
Water Level, Stored Volume, Net flow to node, Outflow to river, .

R64 Puxigiao
Outflow to HP
Water Level, Stored Volume, Net flow to node, Outflow to river, . ..

R66 Outflow to HP Sinanjiang
Water Level, Stored Volume, Net flow to node, Outflow to river,

R74 Nansha
Outflow to HP
Water Level, Stored Volume, Net flow to node, Outflow to river,

R76 Maduschan
Outflow to HP

R72 Water Level, Stored Volume, Net flow to node, Outflow to river, Nalan
Outflow to HP

R78 Water Level, Stored Volume, Net flow to node, Outflow to river, Malutan
Outflow to HP 9
Water Level, Stored Volume, Net flow to node, Outflow to river, .

R82 Lai Chau
Outflow to HP -

3.5 System Performance

This section describes the operational tasks to monitor and ensure the performance of the
System.

3.5.1 Reporting

The reporting task will issue a report by email with a status of the entire system.

e ]

% 05_MakeDailyReport vl X

H o

=%y 05_MakeDailyReport
g

ajJ

L+ L+ L+ L

- @ HTML_ForcingData
- ‘workDir
lremGroup
Runll
FocingDataHTML
MakeDailyReport
SendErrorLog

Figure 3.41 Job for daily report

For the job, the following properties are defined:
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Properties
HTML_ForcingData

| Value

.\Results\HTML\latest\html.txt

WorkDir

Working directory

The first step is to generate an html text with an overview of the forcing data. This html will then
be included in the daily report.

TPTOpETeS

B ‘?u.Dﬁ Make[]alfRepoﬂ
[=-4#| Properties
@ HTML_ForcingData
@ WorkDir

B & FocingDataHTML

+fi GenerateHTML_ForcingData
@- & MakeDailyReport
@ & SendErorlog

Command
 Optional
IgnoreExitCade False
Timeout
ToolPath
WorkingDirectory
~_Oulpul

python *_\Tools\py\GenerateReportingHTML py" -htmifile $(HTML_ForcingData) epsetup . \Tools\py\SetupFiles\NAWAP|_Reporting yml*

$(WorkDir)

Figure 3.42 Target to generate html for forcing data

The next target generates and sends the daily report.

“Q 05_MakeDailyReport
&'_j Propertes
@ HTML_ForcingData
@ WorkDir
2] hemGroup
# & Runill
& & FocingDataHTML
= & MakeDailyReport

& & SendErrorlog

+& RunScript - MakeDailyReport

o 21
v Description
DispiayName Rn&:u - MakeDaily Report
v Wovy
Scnpt /Reporting/Make DailyDat aReport
name@provider| com
$(Work Dir)\S$(HTML_ForcingData)
P3
P4

Figure 3.43 Target for preparing and sending the daily report

Email addresses for recipients can be many, delimited with “;”.

The script “/Reporting/MakeDailyDataReport” relies on a Gmail email address. It is required for
the SMPT access. The email details are hardcoded in script directly — see screenshot below.

Please note that an authentication is heeded in google account with an App password. The
following steps can be consulted to ensure the proper security settings of the google account
have been defined: hitps://support.google.com/accounts/answer/1858337hl=en

A quick way to add AppPasswords is using url https://myaccount.google.com/apppasswords

[ Publishing |

= dtruntime

%] J-_-!g H» MakeDaul)rDataRep - ,D 8 EE >

jescDirName = r"e

= DateTime.Now

S % % 3-[

downloads\DailyReporc™

Figure 3.44 Preview of the script for daily report where email account must be set up
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3.5.2 Error logging

When an error occurs during a job execution a script is executed to send an email.

=% 01a_GHM_ERAS

+& 01a_GHM_ERAS
+& OnError

: RunScript
#-4) Properties ‘
2] ltemGroup o 21 [
=- & RunAll

v Description

Descriptior Runs a script

§: & Qetuis DisplayName RunScript - SendMail
@ & GetHotstarts s L
@ % RunNAM = -
@ % RunRouting Scrpt / ; :
@ &% CopyArchiveHotstarts <o f g/SendEorMail
[#- & StoreResults _' e
#- % ImportGHMResults P2 e@pro
=2~ & SendErrorLog p3
+& RunScript - SendMail o4
PS5
P6

Figure 3.45 Target for sending email on error
Email addresses for recipients can be many, delimited with “;”.

The script “/Reporting/SendErrorMail” relies on a Gmail email address. It is required for the SMPT
access. The email details are hardcoded in script directly — see screenshot below.

Please note that an authentication is needed in google account with an App password. The
following steps can be consulted to ensure the proper security settings of the google account
have been defined: hitps://support.google.com/accounts/answer/1858337hl=en

A quick way to add AppPasswords is using url https://myaccount.google.com/apppasswords

4 ctartPage % Publishloblog |
‘3al il CPEEE IR % % -

import clc
clr.AddReferenceByPartialName ("DHI.Solurtions.JobManager. JobRunner™)
s from DHI.Solutions.JobManager.JobRunner import *

7 from System.Text import StringBuilder
from System.I0 import StringWriter
clr.AddReference ("System.Xml™)
from Syscem.X¥ml import XmlDocument, Formatting, XmiTexcWriter

from Publishing import SendMail

mail user = r'oname@omail . ocom'
mai 1_pwd = I'T\-,:_: gword!

Figure 3.46 Preview of the script for error logging where email account must be set up

3.6 Maintenance

Various maintenance procedures are implemented to ensure the health of the “NAWAPI” system.
These include database maintenance and is presented in the subsequent section.

Page 84


https://support.google.com/accounts/answer/185833?hl=en

3.6.1 Database Maintenance

This job ensures the database is maintained.

%% 03_Maintenance” -

HO 0 DY X

=% 03_Maintenance
#-4l Properties
—g2| lemGroup
RunAll

Simulations
Initial Conditions
Changelogs
FilesDnDisk
SandErrorLog

]+ B
b L+ L+ L+

-
L® L& L&

Figure 3.47 Job for database maintenance

The first step will ensure old job logs are cleaned up.

T TYaTET

5+
“+g Manageloblogs - 01a_ERAS
+& ManageJoblogs - 01b_GFS
+& ManageJoblogs - 01c_CFS
+g ManageJoblogs - 02a_RunModel_GFS
+¢ ManageJoblogs - 02b_RunModel_CFS
+4& ManageJoblLogs - 03_Maintenance
+4x ManageJoblogs - 04_DatabaseBackup
+4 ManageJoblogs - 05_MakeDailyReport

Figure 3.48 Target for managing job logs

The next step will ensure old simulations are cleaned up.

=

o B W P [ o B =

4% ManageSimulations - GFS With DA
-4y ManageSimulations - CFS \with DA
i gy ManageSimulations - GFS Me DA
g ManageSimulations - CFS No DA

L+ U

Figure 3.49 Target for managing old simulations

The next step will ensure old initial conditions are cleaned up.

Initial Conditions

sy RunScript - Manage Initial Conditions BaselineWith DA
.,,} RunScript - Manage Initial Conditions Baseline Mo DA

Figure 3.50 Target for managing old initial conditions

The next step will ensure old change logs are cleaned up.

=]

% Changelogs
-+ RunScript -WipeChangelogs

Figure 3.51 Target for managing old change logs

The next step will ensure old database backup files are cleaned up on the disk.




= TR T TP T =3
=} &
= S

‘+g RunScript - Delete DatabaseBackups

Figure 3.52 Target for managing old database backup

3.6.2 Database Backup

This part of the job will clean up the database (vacuum) and create a backup.

BEN o4 DstobsscBackus)
—I-4] Properties
i ¢ DatabaseBackup_Folder
¢ DB_Name
----- v DB_User
# DB _Password
.. @ DB_Port
- i@ DB_host
temiEroup
Run&ll
Vacuum
DatabaseBackup
SendErrorLog

i
L+ L+ L+ L+

Figure 3.53 Job for database vacuum and backup

The vacuum and backup are done by batch files run on disk. These batch files are stored in the
document manager and are exported on a temporary folder before execution.

23] -'mee
BE={Maintenance]

;| .‘-— DatabaseBackup

i [E backup.bat
=l i WVacuum
vacuum,bat

Figure 3.54 Location of DB vacuum and backup in document manager
The batch files are designed to be able to use parameters:

- DatabaseBackup_Folder
- DB_Name

- DB_User

- DB_Password

- DB_Port

- DB_host

If any of the parameters differs from the fallback values (Table 3.1), it needs to be set.

Table 3.1 Fallback values for database backup parameters

Parameter Fallback value
DatabaseBackup_Folder D:\H_TB\Backup

This should be set to match
maintenance, see section
3.6

DB_Name H_TB_CTCN
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DA

DB_User postgres
DB_Password postgres
DB_Port 5432

DB host localhost

The batch file execution uses all parameters needed (Figure 3.55 and Figure 3.56) , where by
default (parameter is empty), the fallback value is used.

Categaory M5 Build Task

Description Runs the specified program or command with the specified arguments

DigplayName Exec

Name Exec
+  Mandatory

Command vacuum bat "$(DB_Name)" "${DB_User])” “${DB_Password)" "${DB_FPort)" "${DB_Host)"
w Dptional

Ignore ExitCode False

Timeout

Tool Path

Warking Directory $(TempDir)

- A a— .

Figure 3.55 Call of the exported vacuum.bat file with parameters

! Properties
Exec

3=, A
#=" L

MSBuild Task

Description Funs the specfied program or command with the specified arguments

DisplayMame Exec

Name Exec
v  Mandatory

Command backup bat “${DatabaseBackup_Foelder)” “$(DB_Name)” “$(DB_User)” “$(DB_Password)” “$(DB_Port)” “$(DB_Host )"
~ Optional

lgnore ExitCode False

Timeout

ToolPath

Waorking Directary ${TempDir)

Figure 3.56 Call of the exported backup.bat file with parameters
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Appendix A

100.05_25.55_1400
100.05_25.55_1600
100.05_25.55_1800
100.05_25.55_2000
100.05_25.55_2200
100.05_25.55_2400
100.05_25.55_2600
100.15_25.55_1600
100.15_25.55_2000
100.15_25.55_2200
100.15_25.55_2400
100.15_25.55_2600
100.15_25.55_2800
100.25_25.55_2000
100.25_25.55_2200
100.25_25.55_2400
100.25_25.55_2600
100.45_25.55_2200
100.45_25.55_2400
100.45_25.55_2600
100.45_25.55_2800
100.45_25.55_3000
100.55_25.55_1800

Name

G 6o
o o Umax

18.6

18.6
18.6
18.6
19.3
193
19.3
193
19.3
19.3
19.6
19.6
19.6
19.6
19.2
19.2
19.2
19.2
19.2
18.1

Parameter definition table

1
1
186
186
186
186
193
193
193
193
193
193
196
196
196
196
192
192
192
192
192
181

._.
o 00 0
R R Y Lmax

CQOF

0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.48
0.48
0.48
0.48
0.48
0.46

CooooocoooOOOOOOOOOOOOo o o Qlow

CKIF

1482
1482
1482
1482
1482
1482
1482
1235
1235
1235
1235
1235
1235

879

879

879

879
1348
1348
1348
1348
1348
1600

5 5 5 5 CKOFL

17
17
17
17.2
17.2
17.2
17.2
17.2
17.2
27
27
27
27
19.9
19.9
19.9
19.9
19.9
20.6

5 5 5 5 CKOF2

17
17
17
17.2
17.2
17.2
17.2
17.2
17.2
27
27
27
27
19.9
19.9
19.9
19.9
19.9
20.6

CKBF

1186
1186
1186
1186
1186
1186
1186
988
988
988
988
988
988
703
703
703
703
1079
1079
1079
1079
1079
1335

CKLow

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.764
0.764
0.764
0.764
0.764
0.764
0.763
0.763
0.763
0.763
0.746
0.746
0.746
0.746
0.746
0.757

w
fuy

0.428
0.428
0.428
0.428
0.428
0.428
0.428
0.459
0.459
0.459
0.459
0.459
0.459
0.412
0.412
0.412
0.412
0.459
0.459
0.459
0.459
0.459

0.4

0.372
0.372
0.372
0.372
0.372
0.372
0.372
0.341
0.341
0.341
0.341
0.341
0.341
0.388
0.388
0.388
0.388
0.341
0.341
0.341
0.341
0.341

0.4

U'IU'IU'ILHU'IU'IU’!U‘I(."!LJ'ILI1U’|U'IU'!U'IU'!U'IU'!U’|U'|U'|U'IU'|CWr

ko

5 5 5 5 SWECoverageMinStorage

N NN N NNRNNMNNNNRNNMNNNNNNNDN
LSV B O O, B O RO, B U B O IO B O B0 B O B O IO B U O B U B U B V) |

OOOOOOOOOOOOOOOOOOOOOOOIm—QOF

OOC)OC)OOOODOOOODODOOOODOIm—QIF

Cooooocooooooooooooooo o olniQBFlow

CoocooooO0OOOOOOOOCOOOOOOo o olNSWE

x
©
£

-

-

£

OO0 0000000000000 O00O0O0O0O0 oo
o nn oo

partition

340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340
340

100.05
100.05
100.05
100.05
100.05
100.05
100.05
100.15
100.15
100.15
100.15
100.15
100.15
100.25
100.25
100.25
100.25
100.45
100.45
100.45
100.45
100.45
100.55

25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
25.55
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Appendix B Catchment definition ERAS

100.05_25.55
100.05_25.55_1400
100.05_25.55_1600
100.05_25.55_1800
100.05_25.55_2000
100.05_25.55_2200
100.05_25.55_2400
100.05_25.55_2600
100.15_25.55

100.15_25.55_1600
100.15_25.55_2000
100.15_25.55_2200
100.15_25.55_2400
100.15_25.55_2600
100.15_25.55_2800
100.25_25.55

100.25_25.55_2000
100.25_25.55_2200
100.25_25.55_2400
100.25_25.55_2600
100.45_25.55

100.45_25.55_2200
100.45_25.55_2400
100.45_25.55_2600
100.45_25.55_2800
100.45_25.55_3000
100.55_25.55

100.55_25.55_1800
100.55_25.55_2000
100.55_25.55_2200
100.55_25.55_2400
100.55_25.55_2600
102.25_25.55

name

Combined

IS!

FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE

combined catchment

100.05_25.55
100.05_25.55
100.05_25.55
100.05_25.55
100.05_25.55
100.05_25.55
100.05_25.55

100.15_25.55
100.15_25.55
100.15_25.55
100.15_25.55
100.15_25.55
100.15_25.55

100.25_25.55
100.25_25.55
100.25_25.55
100.25_25.55

100.45_25.55
100.45_25.55
100.45_25.55
100.45_25.55
100.45_25.55

100.55_25.55
100.55_25.55
100.55_25.55
100.55_25.55
100.55_25.55

DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT
DEFAULT

parameter template

areakm?2

111.1228
8.125854452
18.20407566

19.7165801
20.35707952
21.11333174
14.20674156
9.399136951

111.1228
6.868006187
14.62345166
28.72215837
2599810513
17.42467288
17.48640738

111.1228
25.88235232
44.85811446
30.72082294
9.661510229

111.1228
22.91135988
29.46297633
28.32859717
22.08565696
8.334210376

111.1228

11.6833279
43.16812184
32.71949082
17.10056502
6.451296084

111.1228

elevation

1997.8

max. snow depth

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

2o e i
o © o Max.swe retention

PRrRrpRrRrRrRRRRRRREPRPEPRERRERRERRERRERRERRRERRERRRRRRR
OO0 000000000000 O0DO0DO0DO0DO0ODO0DO0DO0DO0ODO0OO0DO0OO0OO0OOoOOoO
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8 min. full cover storage

NN NN NNRNRNDNDNDNNNDNDNDNDRNRNDNNNNNNDNDRNDNDNNNNDN
OO0 0000000000000 0O0O0D0DO0DO0O0O0O0O0O0O0O0 00 OO
OO0 000000000000 0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0O0O0O0O0OOo0OOo

I—'I—\Hr—\I—\I—'I—lHr—\l—\I—'I—lHl—‘D—\I—'I—ll—\Hr—\l—‘I—'I—lHr—\I—ll—'l—lHl—‘l—‘l—'l—lradlatloncoeff

o Precip_corr

-17.93
-11.93
-5.93
0.07
6.07
12.07
18.07

-22.75
-10.75
-4.75
1.25
7.25
13.25

-7.34
-1.34

4.66
10.66

-10.01
-4.01
1.99
7.99
13.99

-10.11
-4.11
1.89
7.89
13.89

I—lHI—‘D—‘HHl—lI—‘l—‘HHI—lI—ll—‘HHl—ll—ll—‘HHI—lHI—‘D—‘HI—ll—ll—ll—‘Hl—ll—‘evap—corr—faCtor

=N
v w
8 8 o temp_wet_corr

0.79
-0.01
-0.81
-1.61
-2.41

3.03
1.43
0.63
-0.17
-0.97
-1.77

0.98
0.18
-0.62
-1.42

1.33
0.53
-0.27
-1.07
-1.87

1.35
0.55
-0.25
-1.05
-1.85
0

o temp_dry_corr

CococooooocO0OOOOOOOOOO0OO0OOOOO0O0O0OO O o o inidof

Coococooooo0O0O0OOOOOOOOO0OOOO00O0O0O0OO O o oini_df

Cococoooocooco0O0O0O0OOOOOOOO0OOOO0O0O0O0OO OO o ini_abf

Ccococooococoocoooco0occO0OOOOOOOOOO0O0OOO O o o ini_dbflow

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOInI—Swe

OO0 O0OO0O00O0O000OO0O000OO0O000OO0O00O00O0O0 OO0 O o o o n.uumax

COOCOOOO0O0OOOOOO0O0O0O0O0OO0OOO0OOOO O o o Nilimx

..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//..//Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
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..//../[Timeseries//evaporation_priestly_taylor_hindcast//340.dfs2
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Appendix C Basin definition file for Routing

HYBAS_ID

4121505180
4121506150
4121506950
4121507590
4120935620
4121506160
4120935630
4120937970
4120935940
4120935930
4120937700
4121509770
4121510190
4120942000
4120942230
4121511760
4121512700
4121513250
4121514070
4121514080
4121514840
4120954210
4120954320
4121517010
4121518100
4120961230
4120961310
4120965850
4120965990
4121521950
4120967260

MAIN_BAS

4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000
4120015000

NEXT_DOWN

4121506150
4121506950
4121507590
4120935620
4120937970
4120935630
4120937970
4121509770
4120937700
4120937700
4121509770
4121510190
4120942000
4121511760
4121511760
4121512700
4121513250
4121514070
4121514080
4121514840
4120954210
4121517010
4121517010
4121518100
4120961230
4120965850
4120965850
4121521950
4121521950
4120967260
4121522850

DIST_MAIN

1197.6

SUB_AREA

148.9

c

€

1702.972412
1483.457642
1329.067871
1277.071655
1252.164063
1470.986572
1252.164063
1189.594971
1326.486938
1326.486938
1189.594971
1166.838623

1153.10144
1140.269165
1137.607666
1121.734009
1114.397827
1108.160767
1098.971191
1085.626099
1078.595337
1066.632446
1066.632446
1058.404419
1019.849487
1000.264954
1000.264954
954.6912842
954.6912842
938.4224854
932.1247559

3 3 5 manning

PR RPRPRRPRPRPRPRRPRPRRPREPEPREPRPRRRRERRRERRRRRRRR
Lo ooooooooooonoon

56
& @ pFAF

436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436
436

.4
&
% UP_AREA

PFAF_ID

436890090500.0
436890090400.0
436890090300.0
436890090200.0
436890090100.0
436890080200.0
436890080100.0
436890079000.0
436890078300.0
436890078200.0
436890078100.0
436890077300.0
436890077200.0
436890077100.0
436890076000.0
436890075700.0
436890075600.0
436890075500.0
436890075400.0
436890075300.0
436890075200.0
436890075100.0
436890074000.0
436890073330.0
436890073320.0
436890073310.0
436890073200.0
436890073100.0
436890072000.0
436890071200.0
436890071100.0

C0OO0O0O0O0O0OO0OO0OO0OO0OO0OO0OO0O0O0O0OO0OO0OOOOOOOCOO OO o o LakeArea

CoocooOO0OOOOCOOOOOOOOOOOOOOOOOoo o o akeAreaPlastic

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCK—Lake

Coococoocooocoocococoococoocoooooooooooooo oo olKLlakeal

PR RRRRRRRRBRRERRBRRRRRRRRRRBRB R R R R R factord

56666
8 8 8 8 8 factorl00

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

COOOOOOOOOOOOOOOOOOOOOOOOCOOOO o o Lakelollection

2
o
©
Q.
©

&
<

.2
g

2

O

[w

2

8

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Appendix D Cell weights for Routing

HYBAS_ID
4120064610
4120064610
4120064610
4120064610
4120064610
4120064610
4120066510
4120066510

4120066510

GRID_ID
104.35_23.65
104.25_23.55
104.35_23.55
104.45_23.55
104.25_23.45
104.35_23.45
104.05_23.75
104.15_23.75

104.25_23.75

REDUCTION

0.015031528

0.317930274

0.893709511

0.135182951

0.062538293

0.687921218

0.010036479

0.411495636

0.233348135

TILE

340

340

340

340

340

340

340

340

340

PFAF

436

436

436

436

436

436

436

436

436

Page 91



Appendix E Bottom and top node overview of

catchment nodes

DA

Catchment | Bottom node Top nodes

C1 436890033100

C10 436870700000 436870905320

Cl1 436860050300

C12 436843071000

C13 436843055300 436843071000

Cl14 436843055200

C15 436843010100 436843055300,436843055200

C16 436842010000

C17 436822035500

C18 436829010500

C19 436829010300 436829010500

c2 436890032000

Cc20 436828003600

c21 436824910330

C22 436824630200

c23 436860033000 436860050300

C24 436860032100

C25 436870300100 436870700000

C26 436870201000

c27 436870100100 436870300100,436870201000

Cc28 436860011100 436860033000,436860032100
436829010300,436828003600,436829000100,436829000200,

C29 436827009000
436829000600,436829000300,436829000500,436829000400

C3 436890031500 436890033100,436890032000

C30 436824610000 436824630200
436824910330,436824610000,436824900200,436824900400,

C31 436824507120
436824900100,436824900300,436824900500,436824900600

C32 436823000300 436827009000,436824507120,436824000000

C33 436822031500 436822035500

C4 436890010300 436890031500

C5 436880010100 436880052000,436880021000

C6 436880021000

c7 436880052000

C8 436870909000 436890010300,436880010100

C9 436870905320 436870909000
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Appendix F Upstream PFAF_IDs

436890033100

436890050300
436890073310
436890033100
436890033200
436890033300
436890040100
436890050100
436890050200
436890040200
436890050400
436890071100
436890060100
436890060200
436890060300
436890071200
436890072000
436890073100
436890073200
436890073320
436890073330
436890074000
436890075100
436890075200
436890075300
436890075400
436890075500
436890075600
436890075700
436890077100
436890076000
436890077200

436870700000

436890027400
436890050300
436870700000
436870901000
436870801000
436870902100
436870903000
436870802000
436870803000
436870902300
436870902200
436870905100
436870904000
436870804100
436870805100
436870905310
436870905200
436870804200
436870805200
436870905320
436870905330
436870805300
436870804300
436870805400
436870907000
436870906100
436870909000
436870908000
436870906200
436870906310
436870906320

436860050300

436860060100
436860050300
436860070100
436860070300
436860070200
436860060200
436860070500
436860070400
436860060300
436860060400
436860091000
436860080100
436860092000
436860060500
436860080200
436860093000
436860094000
436860095000
436860096000
436860097000
436860098000

436843071000

436846100100
436846901000
436846403000
436847001100
436847005000
436843075000
436843071000
436843073000
436843072000
436843074000
436843076000
436843090100
436843080100
436843080200
436843080300
436843090300
436843090200
436844010000
436845011000
436845013000
436845012000
436844020100
436844031100
436845015000
436845014000
436845016000
436845017000
436844031200
436844020200
436844031300
436845020100

436843055300

436846100100
436846901000
436846403000
436847001100
436847005000
436843075000
436843055300
436843055500
436843055400
436843056000
436843057100
436843057200
436843057310
436843057331
436843057320
436843057332
436843057500
436843057400
436843057700
436843057600
436843057900
436843057800
436843059000
436843058100
436843071000
436843060100
436843060300
436843060200
436843073000
436843072000
436843058200

Q
o
~
n
n
o
]
<
Q
©
@
<

436843055200

436843010100

436846100100
436846901000
436846403000
436847001100
436847005000
436843053100
436843010100
436843010200
436843010300
436843075000
436843030100
436843020100
436843030200
436843020300
436843030300
436843020200
436843051100
436843040100
436843051200
436843051300
436843040200
436843052100
436843053310
436843053200
436843052200
436843053320
436843053500
436843053400
436843055100
436843054000
436843055300

436842010000

436842030300
436842010000
436842030100
436842020100
436842030200
436842020200
436842020300
436842050100
436842040100
436842050200
436842040200
436842070110
436842061000
436842062000
436842070120
436842070130
436842070140
436842063000
436842064000
436842070200
436842070300
436842065000
436842066000
436842090100
436842080100
436842067000
436842080200
436842080300
436842090200
436842090300
436842000000

436822035500

436822035500
436822050000
436822041000
436822070100
436822060100
436822043100
436822042100
436822070200
436822043200
436822060200
436822070300
436822042200
436822042300
436822043300
436822060300
436822090100
436822080100
436822043400
436822080200
436822090200
436822090300

436829010500

436829070000
436829050000
436829090020
436829010500
436829031100
436829020100
436829031200
436829020200
436829031300
436829031400
436829020300
436829031500
436829020400
436829033000
436829032000
436829020500
436829035000
436829034000
436829050100
436829040000
436829050200
436829050300
436829060100
436829070100
436829070200
436829070300
436829060200
436829080110
436829091000
436829080120
436829080130

436829010300

436829070000
436829050000
436829090020
436829010300
436829010400
436829010500
436829031100
436829020100
436829031200
436829020200
436829031300
436829031400
436829020300
436829031500
436829020400
436829033000
436829032000
436829020500
436829035000
436829034000
436829050100
436829040000
436829050200
436829050300
436829060100
436829070100
436829070200
436829070300
436829060200
436829080110
436829091000

Q
=]
=1
I
o0
Q
=]
)
©Q
©
0
<

436890032000

436828003600

436828003600
436828005000
436828004000
436828007000
436828006100
436828009100
436828008000
436828006200
436828006300
436828009200
436828009300
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436824910330

436824980100
436824910330
436824920000
436824931000
436824933100
436824932000
436824933200
436824935000
436824934000
436824950000
436824940000
436824960000
436824970000
436824991000
436824980310
436824980200
436824992000
436824993000
436824980320
436824994000
436824995100
436824995200
436824995300



