Scenario Manager Training Module



Scenario Manager

Revision History

Version | Date Revision Description

0.1 13/5/2014 Initial draft

0.2 19/06/2014 | Updated version to take into account new manager design
agreed with NBI-SEC on 12/06/2014 (completed up to the
beginner level)

0.3 19/06/2014 | Updated version to take into account comments given by the
WRMD team on 19/06/2014 at the Nile-SEC

0.4 3/8/2014 Final draft version

0.5 30/12/2014 | Final version for approval




Scenario Manager

1.

AV Y [0 I o 1151 o] /PR STU P PPRT PP i
11 (oo 11 Tod 1 o] o I SRR 3
1.1 PUIDOSE ...ttt R e 3
1.2. MOAUIE PIrE-TEOUISITES. ... .eiiiiieiieiiie et 3
1.3. EXPECTALIONS ...t 3
1.4. LO70] 01771 1§ (0] TSRS 3
1.5. Y[ To [T ] 3o = - TR 4
1.6. Links to additioNal FESOUICTES ......c..ueiiiiiie ettt e et e e e sneeeenes 4
1.7. Problem Reporting INSTFUCTIONS ...........ooviiiiiiieiicii s 4
(IS0 T PP P PP UPPPPTRROPPPR 5
2.1 LCT=] T - | TSR 6
[ gLl [FTox o] o BT PP RROURURR 6
(D) 1T oY1) LS UPPRUPPUPRPPIN 6
Model Setups, Scenarios and SIMUIAtIONS IN DSS.........ceiiiiiii e 6
LAY LT A O TN T o] SRR 8
F N T O PP P PP OUPRTRPUPPRTN 10
2.2. SCENAII0 MANAGEE BASICS .....ccuviiiiieiieiiie ittt 11
gLl [FTed 1 To] o DO U OPR TP 11
LLESSON PIE-TEUUISIEES ...ttt ittt ettt ettt ettt ettt ettt b et b et e et e st e e e bt e ekt e e ebe e e ebb e e e mbe e e be e e nbe e e sbeeesnbeenabeean 11
What iS the SCENATO IMANAGEI?........eii ittt ettt sttt e sbb e e sabe e sabeessbe e e be e e ssbeesmbeesnbeens 11
USING the SCENAITO MANAGET ... .eeiteie ittt ettt b et sabe e s bt e e bt e e abe e e ebee e b beeabeeenbeeesbeeesneeas 12
SCENAri0 MANAGET COMPOMEIES ... ettt iitieeteeeitie ettt e e e e e bt e e ateeeshbeesabeeaabe e e sbbeesebeesabeesmbeeaabe e e abeeeanbeeanbeeabeeenees 12
Data Organization Within SCENArI0 MANAGEY .........eeiiueiiiiiie ettt sttt e sbe e sbee e s 13
T (ol L TR UURPUPRR 15
AV LT A O TN T o] SRR 17
F N T T OO P TP P PP OUPRTPUPPTN 18
2.3. MOAEl REQISTFALION ...ttt et e et e et e e snte e e nteeeeaneeeenneeesneeeas 19
L1l [FTed 1 To] o DO USRS PRSP 19
LLESSON PIE-TEUUISIEES ...ttt ittt ettt ettt ettt ettt ettt b et b et e et e st e e e bt e ekt e e ebe e e ebb e e e mbe e e be e e nbe e e sbeeesnbeenabeean 19
Available DSS MOEIING TOOIS .......eeiiiiiieiee ittt st b e sebe e snbeesnbeans 19
The benefits of using the modeling tools Within the DSS..........cooiiiiii e 20
Lol (o] W = To IS LA Lo OO ROURPVRROPRN 21
Model SETUP IMANAGEIMENT. ... ..iiiiie ittt ettt ettt e e bt e e sbe e e sbae e sbbe e abb e e s abeeesbeeesbneesabeesnbeeans 21
] (ot S TR UURPUPRR 22
AV LT A O TN L= o] SRR 32
F N T £ T OO PP P PP OUPRTRPUPPRTN 33
2.4. Scenario management, configuration and simulation...............cccoooi i 34
L1l [FTed £ To] o DO U UPR TR 34
LLESSON PrE-TEUUISIEES ...ttt ittt ettt ettt ettt ettt ettt ettt b et oo et et e e bt e e ke e e ebe e e ebb e e e mbe e e be e e nbe e e sbneennbeenabeean 34
Creating, configuring, running and managing Scenarios in the DSS...........ccccoiiiiiiiie e 34
] (ol L TR OURPUURRN 36
A [T O TN 1= o] PP UP R TUPPR 44
F N T T OO P TP P PP OUPRTPUPPTN 46




Scenario Manager

2.5. RESUILS COMPAITISON. ... .ottt et ne e s 47
L1l [FTed 1 To] o PO TSRO PROUPOTRT 47
LLESSON PrE-TEUUISIEES ...t eteee ittt ettt ettt ettt ettt e ettt b et bt e e e a bt e ettt e ke e e ebe e e ebe e e e mbe e e be e e nbe e e nbeeesnbeesabeean 47
Comparing simulation results in the DSS ... 47
] (ot S TR UURPUPRR 49
REVIEW QUESTIONS. ... tiee ettt ettt ettt e e st e e e et e e e st e e e e s bte e e e sataeeestbeeeesabeeeeeaatbeeesasteeeesntaeeessnraeeesantanans 62
F N T T TP U PP PP OUPRTRPUPPRN 63

2.6. MOdEl SETUP CNANGES ...ttt 64
gLl [FTed 1 To] o DO U OPR TP 64
LLESSON PrE-TEUUISIEES ...ttt eteee ittt ettt ettt ettt ettt ettt bt b e e et e e ab e e e bt e e ke e e ekt e e ebb e e e mbe e e be e e nbe e e sbeeeanbeesabeean 64
Modifying model setups (i.e. editing models in NAtive t00IS) ..........cooiiiiiiiiiiii e 64
] ot S TS OURPUURR 65
AV LT A O TN T o] PRI 68
F N T O PP P PP OPPRTRPUPPRTN 69

2.7. MOAEI TINKING ...t ne e 70
L1l [FTed £ To] o DO U UPR TR 70
LLESSON PIE-TEOUISIEES ...t eteee ittt ettt ettt ettt ettt ettt ettt b et e a e a bt e e bt e e be e e ebe e e ebb e e e mbe e e ke e e nbeeeebaeeanbeesabeean 70
What iS MOUEI TINKING? ...ttt b e eb e bt e be e e sbe e e sbbe e sabeesnbee e 70
WHY MOGEL TINKING? ...ttt ettt b et eb e e hb e e bt e e ebe e e sbe e e sbbe e nnbeennbeaan 71
Types of models that can be linked In the DSS..........oo e 72
] (ol S TP OURPUPPRN 73
REVIEW QUESTIONS. ... tiee ettt ettt ettt e e st e e e et e e e st e e e e s bte e e e sataeeestbeeeesabeeeeeaatbeeesasteeeesntaeeessnraeeesantanans 79

2.8. Running simulation With enSemMbIES ............ooiiiiiiii e 81
gLl [FTed 1 To] o DO U OPR TP 81
LLESSON PIE-TEUUISIEES ...ttt ittt ettt ettt ettt ettt et ettt ettt b e h bt e bt e ettt ekt e e ebe e e ebb e e e mbe e e be e e nbe e e sbneesnbeesabeean 81
Ensemble scenarios and simulations in the DSS ..........cooiiiiiiii e 81
How are indicators calculated for an ENSEMDBIE FUN?.........ooiiiiiiiiiii e 82
T (ol S TS RPUPRRN 83
AV LT A O TN L= o] SRR 86
F N T U OO PO P P PP OUPRTRPUPPRN 87

2.9, OPTHMIZATION ...ttt b e bt e st et e et et e b e e e e b 88
gLl [FTed 1 To] o DO TS OPR RS 88
LLESSON PIE-TEUUISIEES ...ttt ettt ettt ettt ettt ettt ettt ettt bt b e e et e ab e e ettt e ke e e ebe e e ebb e e e mbe e e be e e nbe e e sbaeesnbeenabeean 88
WHAL IS OPLIMIZALION? ...ttt h et ettt ettt e bt e eb et e eb b e e et e e e ebe e e sbeeesbbeesbbeesabean 88
Optimization ProBIEM TYPES. ...ttt b e et e e st e e s b e e e b be e asbe e anbe e e beeeees 88
USING the DSS OPLIMIZET ...ttt st et e bt e bt e bt e e m b e e nbe e e nbe e e nbeeennee s 90
] (ot S TR RPUPRRN 94
REVIEW QUESTIONS . ... tiiieiciiie e ettt ettt e e st e e e st e e e st e e e e sbb e e e e e ette e e e stbe e e e sabeeeesabeeeeeatteeeesnteeeesasbaeeesnreeeesanrens 103
F N T T TP PP UUPPTPPP 104

K -] T £ o= O RSUSRUPRRTSR 105

Page 2



Scenario Manager

1. Introduction

This document is part of training modules for the Nile Basin Decision Support System
(DSS). These modules are developed for use in classroom training that is given to Nile

Basin countries and as self-learning training material.

1.1. Purpose

The purpose of this document is to provide a tutorial on the DSS Scenario Manager and
its associated components and tools. The tutorial starts with the basics and

progressively increases in complexity.

1.2. Module pre-requisites

The following prerequisites are needed before taking this tutorial:

Software prerequisites: The Mike by DHI version 2014 and the DSS version 2.0 have to

be installed.

User prerequisites: User is expected to be familiar with or have taken the tutorial of the

following:
e DSS Database Manager Utility
e DSS user interface
e GIS Manager
e Time Series Manager
e Indicator Manager
e Script Manager
e Spreadsheet Manager
For advanced lessons such as modifying a model setup and using the optimizer,

knowledge of optimization techniques and using Mike Hydro are also needed.

1.3. Expectations

After completing the lessons and exercises and correctly answering the review questions

in this document, you should be familiar with most of the Scenario manager functionality.

1.4. Conventions
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The following conventions are followed in this document:

means a tip for the user

@
means important information

1.5. Module data

The following files are needed to run this tutorial (copy them from the

..\ScenarioExp\data folder):

1.6. Links to additional resources

In addition to the information presented in this module, below are links to additional
resources that you can access to obtain further information on the following:
e Scenario manager:
= The DSS help file
e Optimization:
» http://en.wikipedia.org/wiki/Mathematical_optimization

= http://www.neos-guide.org/content/optimization-introduction

1.7. Problem Reporting Instructions

This document will be updated regularly. Therefore, it is highly recommended to report

any spotted problem to helpdesk@nilebasin.org so it can be corrected in future versions.

When reporting the problem, you are kindly requested to provide the following:
e Document title
e Document version
e Page number where the problem was spotted

e A description of the problem
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2. Lessons

In this manual the following lessons (with exercises) are included:

General: This lesson introduces definitions and concepts that apply to all
lessons.

Scenario manager basics: This lesson introduces you to the manager's
components and basic tasks such as activating the manager and organizing data
within the manager.

Model registration and visualization: This lesson introduces you to the model
registration (i.e. importing) process in the DSS. The process is explained
showing the related concepts and prerequisites. Once the model is registered,
visualization of its components is also presented.

Scenario setup and simulations: This lesson focuses on configuration and
modification (editing) of scenarios, in the DSS. It also shows how to run a
scenario by creating and running a simulation as well as viewing the results.
Scenario comparison: This lesson describes how different scenario simulation
results can be compared within the DSS.

Model setup changes: This lesson shows how to make changes to a model (i.e.
adding a structure to a base scenario).

Using ensembles in scenarios: This lesson explains the use of ensemble data in
scenarios and viewing the results.

Model linking: This lesson introduces the concept of model linking within the
DSS.

Optimization: This lesson looks at the use of optimization techniques to optimize
the modeling results within the DSS (e.g. maximizing the power generated at a

dam).
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2.1. General
Introduction

This lesson introduces you to some definitions and concepts to be able to follow the
exercises in the later sections of this document. If you are familiar with those
definitions and concepts you may skip this lesson.

Topics covered:

Model (model setup)

Scenarios

o O O

Simulations
o Indicators

Learning Objectives:

After completing this lesson, you will be able to understand the following concepts:
0 Model setup
0 Scenarios and simulations

o Indicators
Definitions

Model setup (or model): A Numerical model developed for the problem(s) to be

analyzed.

Scenario: Possible existing or future situations that need to be analyzed.

Simulation: A time-varying description of certain behavior of the natural system as
computed by the mathematical model. A simulation will produce outputs referred to as

simulation results.

Indicator (in the DSS): A numerical value expressing the performance of a scenario with

respect to a certain goal.
Model Setups, Scenarios and Simulations in DSS

Figure 1 shows the relation between a model setup and scenarios. A model setup is a

model that is built, checked and run successfully outside the DSS using a modeling tool
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(e.g. Mike hydro or Mike 11). Once this is done, this model setup can be registered
(imported) into the DSS. Any number of scenarios can be created based on each model
setup (See Figure 1). Those scenarios are based on the same model setup but vary in
model parameters or input data (e.g. catchment inflow time series). If model setup
changes (i.e. through adding additional model objects) are needed, this needs to be
done again outside the DSS using the same or a compatible modeling package to make
the changes, verify them and run the model successfully. Following this, the new model

setup can be registered in the DSS and can have its own scenarios.

Model Setup 1
(e.g., MIKEHydro)

Scenario A

ScenarioB

Model Setup 2
(e.g., MIKE Hydro)

ScenarioD

e.g.,

Water demands
Reservoir operating rules
Cropyield parameters

ScenarioE

Figure 1: Model setup and scenarios

Each scenario in the DSS needs to run to obtain results. Each scenario run is called a
'Simulation’ as shown in Figure 2. For each simulation, outputs are created and stored. If
at a later time, changes are made to the same scenario. When it is run a new simulation

is created with new outputs.
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Simulation at

Output

Scenario X N

Time
series

date 1

Simulation at

Output

Time
series

date 2

Figure 2: Scenario and simulations

In order to compare scenario results, indicators may be defined for a model setup as
shown in Figure 3. These indicators are calculated each time a scenario is run (i.e. a
simulation) and stored under the model setup showing their corresponding scenario and

simulation.

Output Timeseries  JSisgfol

Indicator 1

Output Timeseries % Indicator 2
— Output Timeseries % Indicator 3

Figure 3: Scenario, simulation and Indicators

Model X

Scenario 1

Simulation 1

Review Questions

1. A scenario run (i.e. simulation) is created outside the DSS.
o True
o False
2. A model setup can have multiple scenarios in the DSS
o True
o False
3. Model setup changes can be made inside or outside the DSS
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o True
o False

4. Indicators are stored under the scenario setup.
o True

e False
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Answers

False (inside the DSS)
True
False (outside the DSS)

0 Dd PR

False (under Model setup).

Page 10



Scenario Manager

2.2. Scenario Manager Basics
Introduction

This section introduces you to the basics of the Scenario manager to be able to
follow the exercises in the later sections of this document. If you are familiar with
those basics you may skip this lesson.

Topics covered:

What is the Scenario Manager

Activating the Scenario Manager

Scenario Manager components

o O O O

Data organization within the Scenario Manager

Learning Objectives:

After completing this lesson, you will be able to understand the following:
0 What you can do with the scenario Manager.
o How a manager is activated and how the Its data is organized

o Components of the Scenario Manager.
Lesson pre-requisites
You have to be familiar with the DSS user interface basics to follow this lesson.
What is the Scenario Manager?

The Scenario manager is where a modeler can import models from a number of
modeling tools, create scenarios and simulations and use the model linking and
optimization capabilities of the DSS. It has also linkages to other managers of the DSS,
such as:
. The time series manager where the input to the scenario and output of its
simulation can be managed and processed.
. The GIS manager to visualize the modeling objects and the model schematic

. The Indicator manager to define model based indicators
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Using the Scenario manager

In order to use a manager within the DSS, it has to be activated. Activation is done
through the DSS view menu. Once a manager is activated, its explorer window is
added within the DSS user interface. It can then be used to handle its

corresponding objects (e.g. model setups and scenarios for the Scenario manager).
Scenario manager components

Each manager in the DSS has four user interface components. These components
are used to carry operations on objects related to a manager (e.g. running a
simulation for the Scenario Manager). For Scenario Manager these are:
1. The Scenario Explorer: where models, scenarios and simulations data are
organized in groups and can be selected for further operations.
2. The 'Data View Area: where the models, scenarios and simulations data are
viewed in GIS and table views.
3. The 'Tools Explorer: where the tools that are relevant to models, scenarios and
simulations are accessed.
4. The 'Properties’ window: where the selected models, scenarios, simulations data
and tools properties are displayed, property values set and selected tools are
executed.

The components of the Scenario Manager are shown in the figure below.

Page 12



Scenario Manager

[V T —wapiced =%
- 8 x| = | § Properses o8
:rO@8A00 5 Fd Bl by boe :
| (e
GIS View | # Geneval Properties
h Dacription
1 Model pame My e srecefiel
4 Shmealation times.
- T
M
P e
i -
{1/ /,"'\I -
"y . ||
/
< T Model nam
] The s of the seected o
L) l L

117991, - 10068 (317994, -2.0064

Macdel Cject Groug
WRierticde it} Mode Dt Group
* 50 1 Other Gutput Duts
* MZadapter 1 Cthes Gutput Data

Model ohjects tree view

Taols Explorer

simin | Conractedts Trainingl}G | Stw sy

5. Figure 4: Scenario Manager components

Data Organization within Scenario Manager

Objects (e.g. models or scenarios) that are either registered or added to the
Scenario Manager are listed within the scenario explorer. The explorer has a tree
structure where groups (or nodes) can be created and data is organized in groups
so they can be easily identified and found. By default two groups are created within
the explorer. These are the ‘Model setups’ and the ‘Comparison Configuration’

groups. An example of the explorer’s tree structure is given below.

The explorer has a main group called '‘Models and Scenarios'. This main group is
created by default when a new DSS database is created. Under this main group,
two sub groups are also created by default. The first is called '‘Comparison
Configuration' and is used to compare scenario results. The second is called ‘Model
Setups' and is used to import models to create scenarios and run simulations. The
user can have 'user defined' comparisons and groups under the 'Comparison

Configuration' and 'Model Setups' sub groups respectively.
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Scenarios

E'E Models and Scenarios
.i Comparison Configuration
Ei Model Setups

i MEI Training model setup

Figure 5: Organizing data within the Scenario Manager
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Exercises

Activating the Scenario Manager

1- Click the E button and start the

DSS application from the » Al Programs

menu and then login.

| Mile Basin D55
1 Database Manager Utility
@ MIKE CUSTOMISED Platform API Do
[l Nite Basin DSS
Oracle VM VirtualBox

2- In the DSS, click on View Menu, the
Explorer Configuration box appears. Tick
the box next to Scenarios Manager.

Connection  View  Settings

: Scenarios

‘?‘Xmﬁsmrt

=
=g Modelsa = 2
=& Explorer Configuration

Explorers

] (Select ally

7] (Default selection)
7] Analysis
Dashboard objects
Dashboards
Favorites

Gis

| Indicators

Scripts
Spreadshest
System

Time series

Toals explorer
(Hide ally

] o

I |

OEE

Close

3- Scenario explorer should appear within
the DSS window.

Scenarios X

E'E Models and Scenarios

Organizing data within the Scenario Manager

1- To organize data within the Scenario
Manager, user defined groups can be
added in the scenario explorer. To add a
new group, select the 'Model Setups'
group and right click. The context menu

shown next appears. Select 'Create
group'.

- Scenarios

E:'"E Models and Scenarios
i ‘-— Comparison Configuration

Create group
Register model

Create linked model

Refresh F5

Scenarios' group.

Note that no 'user defined' groups can be created under the 'Models and
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2- A new group called 'New group' is
added to the explorer with its name

: Scenarios

E'E Models and Scenarios

.y &= Comparison Configuratio
highlighted to allow the user to enter a I -ompanEanonigHEten
E|--- Model Setups

suitable name (e.g. My model setup). =
Under this group model setups can be

registered. New groups can also be
added under the group but these are only

used for comparing model and scenario

results.
3- To rename the group, select the group ¢ Scenarios
. . E|---- Models and Scenarios

and right click the mouse or press the Ei ENE AR

keyboard function key 'F2'. The context : i___;"de' S

menu shown next appears. Select N i

, , Delete Del

Rename Refresh F5
Rename F2
Register model
Create linked model

4- Type in the group name (e.g. NBI : Scenarios

E‘E Maodels and Scenarios
-i Comparison Canfiguration

Training model setups).

- Model Setups

----- i maodel setup

5- Now the group has been renamed Scenarios

=i, Models and Scenarios
.i Comparison Configuration

=-ji Model Setups

i MEI Training model setup
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6- Finally to delete a group, select the
group and right click. The context menu
shown next appears. Select 'Delete’. You
can alternatively select the group and
press the ‘Delete’ buttons on the

keyboard.

. Scenarios

[‘—_‘.---E Maodels and Scenarios

- Model Setups

‘-_ ComparisonConfiguration

SRS

New group

Delete Del
Refresh F5
Rename F2
Register model
Create linked model

7- The next confirmation box appears.

Click "Yes' to delete the group.

Scenario explorer

—

[0] Do you want to delete the selected records?

I E—

cannot be recovered.

The delete operation is undoable. Once a 'user defined' group is deleted, it

The pre created groups can be deleted and renamed by pressing the keyboard
'Delete’ key and the function key 'F2' respectively.

Review Questions

1. What are the pre-created groups of the Scenario Manager?

2. Pre created nodes cannot be renamed or deleted.

e True

e False

3. Models can be registered under the ‘Comparison Configuration' group or sub

groups.
e True

e False
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Answers

1. The 'Models and Scenarios' group which has the 'Comparison Configuration’
and ' Model Setups' groups.
False (They can be deleted or renamed)

3. False (Under the 'Model Setups' group)
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2.3. Model Registration

Introduction

This lesson introduces you to model registration, management and visualization

tasks within the Scenario Manager. If you are familiar with those operations you

may skip this lesson.

Topics covered:

Description of the registration process (using a case study)
Exploring a registered model elements

Model setup management (clone, rename, delete and refresh)

Learning Objectives:

After completing this lesson, you will be able to:

0 Register a model in the DSS and explore its various elements

0 Manage model setups.

Lesson pre-requisites

You have to be familiar with the Scenario Manager basics to take this lesson.

Available DSS modeling tools

The DSS currently supports manipulating models from the following four modeling

tools (See the Modeling tools training module for more details):

MIKE Hydro (a model framework for a large variety of applications
concerning allocation, management and planning aspects of water
resources within a river basin. See

http://mwww.mikebydhi.com/products/mike-hydro-basin)

MIKE11 (a software tool for the simulation of flows, water quality and
sediment transport in estuaries, rivers, irrigation systems, channels and

other water bodies. See http://www.mikebydhi.com/products/mike-11)

MIKESHE (a modeling framework, including a range of numerical methods
for each hydrological process. See

http://www.mikebydhi.com/products/mike-she)
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e EPANET (a software tool that models the hydraulic and water quality
behavior of water distribution piping systems. See

http://www.epa.gov/nrmrl/wswrd/dw/epanet.html).

Each of these modeling tools is developed to perform a specific task!. Selection and

application of modeling tool will be determined by the nature of the problem at hand.

The benefits of using the modeling tools within the DSS

Registering models and managing scenarios in the DSS have advantages over
ordinary modeling tools in a number of ways, such as:

e Uniform way to configure and compare models, scenarios and simulation
results irrespective of the modeling took used

e The flexibility to be used by different users. If for example a team of experts
comprising engineers, environmentalists, social experts and economists are
working on a project, they will have the chance to work on the same model
and build it from their professional point. Modeling based information
prepared by the modeler can easily be extracted by experts to conduct
further analysis and develop indicators.

e |t is possible make comparisons between any number of scenarios and
models. The comparison configuration functionality facilitates creation of
comparison configuration and post processing of time series for the selected
models and scenarios.

e The simulation results can be accessed either from the scenario or time
series managers and can be further processed by the built in time series
tools.

e The model linker of the DSS is a special tool that facilitates linking of

different models that can be linked (See for model linking section details).

L If the presently implemented tools are not suitable for an institution or an individual, the DSS provides
options to plug in new modeling tools.
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Model registration

In order to create scenarios in the Scenario Manager, you need to register (i.e.

import) a model into the DSS. This is done through the functionality of the Scenario

explorer and is called model registration. A successful model registration adds a

‘Model setup’ into the DSS. You need to be aware that in order to register a model

to the DSS the following is required:

The model has to be fully developed in a modeling tool (including any
necessary calibration)

The model has to successfully run within the modeling tool. (It is also
recommended but not mandatory to thoroughly check the results to ensure

that are not flawed for any reason).

Model setup Management

The DSS allows the user to manage the model setups in a number of ways such as:

Cloning (i.e. make exact copy of model set up with all scenarios and
indicators but not including simulations).

Copying full path (e.g. to be used in scripts or indicators)

Renaming

Deleting

Refreshing to update the explorer with background activities progress.

Opening in native modeling tool

These options are accessible within the explorer component of the Scenario

Manager. In the exercises section below, a number of these operations are

presented.

Page 21



Scenario Manager

Exercises

Registering (i.e. importing) a model into the DSS

1- Within the Scenario explorer, right-click | |: Scenarics X J_

E‘.---E Models and Scenarios

either the 'Model Setups' sub group or a

user defined group that is under the 'Model

Create group

Setups'. Click the | Register model | option.

Register model

Create linked model

Refresh F5

2- Once the selection is made, the 'Model Register Wizard' shown below appears to help
the user registering the model. As can be seen, the DSS can register 4 model types.
These are Mikell, Mike SHE, Mike Hydro and EPANET. In this exercise, a Mike Hydro
model will be registered.

Model Register Wizard - Welcome Page - X
Model register wizard.
This wizard helpsto register a model and linkits time series with existing or new features.
Select Model Type vJ

MIKE11
MIKE SHE
MIKE HYDRO
EPAMET

3- Select Mike Hydro and press 'Next'.
The 'Mike Hydro model registration’ box appears. This require the user to input the
following:

e Model name: this is the name that will be given to the model in the DSS.

e Mike Hydro file: this is the file that will used to register the model into the DSS.
Give your model a name (e.g. My base model) and click the El button and go to the
.\ScenarioExp\Data\MH\MyBaseModel folder to select the SCO.mhydro file and then
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click Next.

MIKE Hydro model registration

To register a MIKE Hydro model setup you shall have prepared the following:

* a model setup in a folder structure where all file are located
* the model setup must have result files to allow registration of ocutputs

Please specify the model file location, optional model name and press Next.

Model name My base model

MIKE Hydro file E:\mam*.Training_How Tos%Scenario BxpData"MH \MyBase Model"SCD .mhydro E]

| Cancel | | Net |

=

4- The Wizard reads the model file and if it is successful it moves to the next step which
shows model initial conditions and objects. For this exercise, the initial conditions group
is empty. The model objects group contains the objects that will be imported into the
DSS. Use it to check whether the model objects are all read correctly. You rarely need to
change data within this dialog box therefore click 'Next'.

Model Register Wizard - Time series Link Page o
Model register wizard.
Link adaptertime series with database time seres.
=l My base model &l |
@l Initial Condition % Sinerd Properties
-:_ odel Objects Content Type  text/tedt
E‘i RiverMede Mame MZAdapter
[+j-— Branch
El-_ Connection
[43-_ WaterllserMode
E}ﬁ ReservoirMode
Trgm Catchment
I"}..
e
Cancel | | <Back | [ Ned>

Page 23



Scenario Manager

In order to register a model into the DSS, user needs to build the model in a
modeling package (e.g. Mike Hydro) and run this model successfully and
obtain results. Without results, the DSS will not register the model.

5- Now we reached the final registration step. The wizard now asks for the following:
e The model setup group: This is the name of the model setup in the DSS
e Whether the user needs to create a scenario or not. You have here 3 selections.
0 The firstis not to create a scenario and in that case the model will only
be registered into the DSS but will have no scenario but scenarios can be
later created (See Adding a new scenario).

0 The second is to create a default scenario which is an empty scenario

that has to be configured (See Configuring a scenario).

0 The third is to use a template scenario from another model setup. The
latter option can only be used if there is a similar model setup that has

already been registered into the DSS and has at least one scenario.
Leave the defaults and click finish.

Meodel Register Wizard - Specifications =X
Model register wizard. i
Specification helps to assign aroup and create default scenario with model,

Assign Group
Model Setup Group  /Group of My base model -

Scenario
() Do Mot Create Scenario

@ Create Default Scenario
Mame of Scenaric  Scenario of My base model
Description

Default scenario of My base model model

) Use Template Scenario
Meodel Setup

Scenario |

Cancel | [ < Back Mead =
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6- The wizard now has registered the i ® % | [ff Start Page

model. As you can see, a model setup
group has been created (Group of My base
model). Under this group, the model setup
has been created (My base model) and an

ea Madels and Scenarios

|7  Model setup group

>  Model setup

N

empty scenario (Scenario of My base \
Scenario

model). Familiarize yourself with the

different icons.

The default names given to the 'user defined' model setup groups, model
setups and scenarios can be changed by selecting the item and pressing the

function keyboard key 'F2' or right clicking the mouse and pressing .

Exploring a registered model elements

1- Open the model setup (My base model) by double-clicking the model setup icon in the
Scenario explorer. The data view window looks like the figure below

# Start Page - My base model

- x
| My base model - Reservoirhiod, = kA QA Q - B8 P IT{}mhar i
W My base model - ReservoirNode | S———
2 My base model - WateriJsertode Selected Layer = » ':\
‘e My base model - RiverMode e e kll\
My base model - Connection o . ; ¥ Ed
— My base model - Branch | O | Uy
] My base model - Catchment Water usef node T

- -
\ b

Model Object Layers]

v

Reservor node

River node

"

Map Window

Mame

il RiverNode

il Branch

i Connection

B WaterUserNode

J

Count Type
19 Model Obyject Group
18 Model Object Group

Objects Table Window Model Object Group

Model Object Group

Model Objects

="
il Catchment
* MZAdapter
* 500

Fl

Model Object Group
Moded Object Group
Cther Qutput Data
Other Output Data

- ke e R
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In the top part of the window, the model schematic is shown in a map view. the map
shows that the model consists of:

- 3 catchments (light green polygons)

- 2 reservoir nodes (dark blue triangles)

- one water user node (amber polygon)

- 2 connections

- a number of river nodes and branches

The top part of the map window has a toolbar

| My base model - Catchment - &7 @A A A - BEIE
You can zoom and pan using the following toolbar icons:

@, €| Zoom in and out

5 Pan

|5l. | Zoom to full extent

Zoom to previous and next extent

You can also select features on the map by selecting a layer in the layers box

([My base model - catchment <) @nd selecting the and | & |icons in the tools bar then point to

the feature on the map. The |:| icon allows the user to clear the selected objects (See

The GIS Manager training module for details).

In the bottom pane of the window, the model objects are shown in a tabular tree form

grouped by object type. Double-Clicking on group node shows the objects list.

My base model = RiverMode =

Mame

® N145 (F492, 48420.37)
® N227 (E491, 3303.6)

® N221 (E486, 11260.85)
® 214 (E404, 0)

® N220 (E482, 5246.28)
® N219 (E482, 0)

|
Double-Clicking an object shows the data associated with this object (inputs, ouputs,

and parameters).
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My base model > RiverMode = MN145(E452 4842037) -

Mame

® MName
# Identifier
# Chainage
[ N145|Met flow to node
ﬁ M145|Unallocated water
% M145Inflow from: River Mode 227 (E491, 3303.6)
%N145|Water leaving model area
@Nldﬂl’v‘lass balance

When you select a feature on the map, its elements are shown in the model object table
as shown below for a water user feature, and vice versa (i.e. select an object from the

model object tree and it will be highlighted in the map pane)
| | My base madel - Watertlserbode (=1 b £ @& G G £ 5L b~ 95l

"B My base modsl - Rrverhlode

B My base modsl - WileiUseitioss

W My base modal - Réservairbode

-~ My base model - Brarch

= My base model - Cornection

) My base medel - Catchmend

e —

Mybase model - WaterUserblods - W23 (Magers Sugar Estates) - [Saae Texr Q

Mame Type =

* Hame Sring

# Identther String

* GroundweterOptions String

& Conrnectong MikeHydroWameiUserl onnections

ke Erngation_KageraSugar WaterUse T5.880 - 1 - Water dernand Input Timeserel

ke Engation_KageraSugar Waterllse T5.30 - 2 - Deficit casry-over fraction Input Timesemnes E
| 10percent_return_flow.dfsd - 1 - Retum flow fraction Input Timesenes

[k w239 Redativve: deficit Output Timeseries
o 39 Water demand defick Output Timseseries
[ 0 Used wates Dutput Tameseries
o w39 Groundwater sbatraction Outpuat Termetenes
E'q'q?ﬂmﬂ.ﬁmno nde Cutput Temeseries
o w230 Unallocated water Cutput Timeseries

W3 Extraction from: River Node 219 (E482. 0} Output Tameseries -
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The input time series in the model setups and scenarios has the icon,
whilst the output time series has the 4 jcon. Parameters have the |E| icon.

When you select a model object, an object data or a layer, its properties appear in the

'Properties’ Window.

Properties

o=

My base model - WaterUserMNode - Feature -

4 Misc

name

Feature Class

4 m Expand this node to edit values,

modelobjectname

W238 (Kagera Sugar Estates)
Point 0

My base model - WaterlserMode

[Mudel Object properties

 Attributes

The various attributes for the feature

General | Change log entries

You are encouraged to explore more the model setup objects and their elements.

2- Activate the Time Series
explorer (See DSS user
interface training module for
details) if it is not already
activated. There is a group
called 'Models and
Scenarios' under the
‘Database’ group.

In the 'Models and
Scenarios' group, each
registered models is listed
along with its model setup,
scenarios and simulations as

shown next.

iTimE SEfies X

EII-E Diatabase [by Group)

--- Models and Scenarios

Time series

EII'TT'2 Database [by Group)
BT \Vodel and scenaios
. - Ensemble Model

Eli My base model
- Model Setup
B Scenarios

[+l Simulations
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Expand 'My base model'
group and then expand the
'‘Model Setup' node. As you
can see the model objects
are also listed. Expand a
model object (e.g. W239).
You can the input time series
are also listed there. In the
Time Series Explorer, these
time series can also be view
in a chart or table views as
explained in the Time Series
Manager training module.

Under the 'Scenarios' group,
only those time series that
have been modified (See

changing scenario's input

data section for details) are
listed in the same way.

Under the 'Simulations'
group, configured inputs and
outputs of a scenario (See

configuring a scenario

section for details) are listed.

- My base model

- Model Setup

(-l C4& (Rusumo Falls)

53 [Kagitumba)

€58 (Mwisa)

R143 [Lake Ihema and Assoc Wetlands)
R206 [Lake Rushwa and Assoc Wetlands)
W239 [Kagera Sugar Estates)

10percent_return_flow.dfsd -1 - Return flow fraction
E Irrigation_KageraSugar_WaterlJseTS.dfsD -1 - Water demand

------ E Irrigation_KageraSugar_WaterlseTS.dfs0 - 2 - Deficit carry-over fraction

3- Activate the GIS explorer
(See DSS user interface
training module for details) if
it is not already activated.
There is a group called
'‘Models and Scenarios'
under the 'Database’ group.

GIS

I-ﬁ Database: TestTrainingDB:workspacel (by Group)
=il Models and Scenarios

R My base modl

: My base model - Branch

E My base model - Catchment
My base model - Connection
My base model - ReservoirMode
My base model - RiverMode
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In the 'Models and
Scenarios' group, each
registered models is listed.
Expand 'My base model'
group. You can see the
different model layers listed
there. These can also be
viewed in a map or table
views as explained in the
GIS Manager training

module.

Model setup Management

Cloning a model setup

1- Within the Scenario
explorer, Select the model
setup which you need to
clone (e.g. My base model).
Right click and select the

Clone | option.

: Scenarios

:"a Models and Scenarios
Comparison Configuration
Model Setups

Awoja

Group of My base model

=l 'Wb'asémode

G- Open

- Open in native model tool
Mew scenario

Enable indicators

Clone

Copy full path

Delete Del
Refresh F5
Rename F2
Compare 3

2- The model setup is
cloned under the same
group and it is called 'Clone
of My base model'.

: Scenarios

- Models and Scenarios
+-g Comparison Configuration
i Model Setups
L ""- Group of My base mode|
=l My base model
+-uF Scenario of My base model

=t Scenario of My base model
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is cloned.

If simulations exist under a scenario, they are not cloned when a model setup

Deleting a model setup

1- Within the Scenario explorer, Select
the model setup which you no longer
need (e.g. Clone of My base model).
Right click it to get the context menu

Delete

and select the option or,

alternatively, press the ‘Delete’ button
on the keyboard.

- Scenarios

-
L
i

= a Models and Scenarios
¥ '-_ Comparison Configuration
= i Model Setups
-l Group of My base model
=il My base model
5-w@ Scenario of My base model

=F
Open

Open in native model tool
Mew scenario
Enable indicators

Clone

Copy full path

ma

Delete Del
Refresh F5
Rename F2
Compare b
2- Click 'Yes' on the confirmation acrario oo - L

message.

The model setup has now been deleted
with all scenarios/simulations created
under it. This is also reflected in the
Time Series and GIS managers as all
related time series and GIS layers are
also deleted.

i '_"‘-.I Clone of My base model has Scenario.
&Y' Doyouwant to delete ?

: Scenarios

=0 E Models and Scenarios
+ ‘-_ Comparison Configuration

=g Model Setups

= "-— Group of My base model
-l My base model
—-= Scenario of My base model

recovered.

The delete operation is undoable. Once a model setup is deleted, it cannot be
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Review Questions

1
2
3
4

What are the pre-requisites to register a model into the DSS?

What are the available modeling packages that are compatible with the DSS?

What are the scenario creation options when a model is registered?

Simulations are cloned when a model setup is cloned.
. True

. False
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Answers

1-

The pre-requisites to register a model into the DSS are:

e The model has to be fully developed in a modeling package (including any
necessary calibration)

e The model has to successfully run within the modeling package

The available modeling packages that are compatible with the DSS are Mikell,

Mike SHE, Mike Hydro and EPANET.

The scenario creation options when a model is registered are:

e Do not create a scenario.

e Create default (empty) scenario

e Use template scenario

False.
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2.4. Scenario management, configuration and simulation
Introduction

This lesson introduces you to scenario operations within the Scenario Manger. If
you are familiar with those operations you may skip this lesson.
Topics covered:
e Creating a scenario
e configuring a scenario
e Running a scenario and viewing its results
e Scenario management (clone, rename, delete and refresh)
Learning Objectives:
After completing this lesson, you will be able to:
o Create, configure and run a scenario in the DSS
o View scenario run (i.e. simulation) results

0 Manage scenarios and simulations.

Lesson pre-requisites

You have to be familiar with the model registration and visualization to take this

lesson.
Creating, configuring, running and managing Scenarios in the DSS

In the Scenario Manager, scenarios can also be managed, configured and run within the
Scenario Manager.

Each model setup can have as many scenarios as you need. When a scenario is
created in the DSS, it has to be configured so when it is run it shows the model results
based upon this configuration. So scenario configuration allows the user to configure

what are the inputs and outputs that are presented when the scenario is run.

The Scenario explorer offers the user more flexible options to add input and output time
series to a scenario. These can be accessed by selecting and right clicking a model

object in the bottom tabular window.
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These Optlons are: My base model = RiverMNode =

- Adding all the parameters of this Name

ObJeCt ..';NEZS (Mwisa) Include all parameters 3
=L INGET (E432,0) Include all input time series
- Adding all the output time series 1% 169 (E432, 182 Include all output time series ,
FINL48 (Lake The Include all spatial cutput time series

- Adding the entire model objects 7% N206 (Lake Rusl
L . 1B N191 (E462, 66000mooy
It has to be noted that it is easier t0 |2®wao s, 0)

Include entire model object 3

add all entire model objects to a scenario rather than selecting them one by one but this
would mean more time to write the outputs and also storage. This can be significant for

large models.

It should also be noted that the scenario inherits all inputs from the model setup (as a
blue print). If some input time series need to be changed to create scenarios, they have
be included in the scenario configuration and then edited from the scenario. In this case,
the DSS will make a copy of it within that specific scenario and will override the original

series that came with the model setup when running that scenario.
Once a scenario is configured, it can be run and the results are stored in a simulation.
Simulation results can be viewed within the Scenario Manager but more frequently within

the time series manager.

Scenarios can be cloned, renamed, or deleted, in the same way as the model setups.
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Exercises

Adding (creating) a new scenario

1- In the model registration exercise, a

default scenario was created during model
registration. In most cases, you may need
to add new scenarios after registering the
model. This can be done as follows:
Within the Scenario explorer, Select the
model setup where you need to add a new
scenario (e.g. My base model).

Right click the mouse and select the

option.

: Scenarios nx [ﬁ Start

E:---a Maodels and Scenarios

Group of My base model

DR
fug 5d pen
Open in native model tool

Mew scenario
Enable indicators

Clone

Copy full path

2- A new scenario has now been added to
your model setup. It is named by default
'Scenario of my base model(2)'. Press 'F2'
and rename it to 'My new Scenario of my
base model'.

Delete Del
Refresh F5
Rename F2
Compare
S —
Scenarios nox

EIE Maodels and Scenarios
- i ComparisonConfiguration

E‘i Model Setups
"-— Awoja
Ei Group of My base model

MY bose mode

-¢ Scenario of My base model

------ -Q Scenario of My base model(2)

3- When a scenario is selected within the
explorer of the Scenario Manager, its
properties appear in the 'Properties’
window as shown next. Here you see
general properties such as description and
name. The start and end times for a
simulation are also displayed. You can
change these if a longer or a shorter
simulation run is needed. Other properties
such as generating change log and store
simulation content can also be set in the

'Properties' window.

¥ Properties o=
-
51|

4 General Properties

Time series Interval
4 Script
Post-processing script
Pre-processing script
4 Simulation times
Start Time
Time of forecast

Description Scenario

Scenaric Mame Scenaric of My base model

SimulationTimesOption  FixedDates
4 Scenario settings

Checkout folder

Checkout machine

Checkout user

Generate change log False

Generate Input time series  Variations

Store simulation content  True

Store simulation input time Variations

FullTimeseries

/1/1991 12:0D:00 AM =l
/11951 12:00:00 AM

1/1/1991 12:00:00 AM
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Configuring a scenario

1- Open the model setup by double-clicking the model-setup icon in the Scenario

explorer. In the top pane of the window, the model setup is shown in a map. The map
shows that the model consists of:

- 3 catchments

- 2 reservoir nodes

- one water user node

- 2 connections

- a number of river nodes and branches

In the bottom pane of the window, the above objects are shown in a tree form. In this
window, you can configure the scenario inputs and outputs.

ﬁ Start Page [- My base model |

4 b x
ElMybasEmmde\-Re;er\rn\ande |'| * |@‘a a GI f—l 3 .~ ?u
"W My base model - Reservoiriode
B My base model - WaterlIserNode .
“® My base model - RiverNode /—'_/ ‘\\\ /.
— My base model - Connection _— N )
~ My base model - Branch \ Conneciion
] My base model - Catchment \ \ Water user node
Reservoir nods / Catchment
River node
R
e \
o
20 km l
20mi
My base model = Search Text aQ,
Name Count Type
i Riveriode 19 Model Object Group
@l Branch 18 Model Object Group
B Connection 2 Model Object Group
B WaterUserNode i Model Object Group
B Reservoirblode 2 Model Object Group
il Catchment 3 Model Object Group
® MZAdapter 1 Other Qutput Data
@ 5C0 EE Other Cutput Data

<

m
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2- In the object tree pane, Add the
following to the scenario:

- The inflow to the last node of the model.
This can be done by double clicking the

B RiverNode group then scrolling list to

N145 . Double click it or select the feature

on the map (See Exploring a registered

model elements for more details).

Now you can see all parameters and time
series that are associated with the node.
Select |l N145|Net flow to node | and right
click the mouse. The

Include in scenano 3

option appears,

click again and finally select

Scenario of My base model

option.

- Similarly, Add the Evaporation from all
Lakes. (Hint: lakes are under reservoir

node group).

- Add Water demand and Water demand
deficit for Kagera Sugar (Hint: under the

water user node group)

My base model = RiverMode = N145(E452, 4842037 -

Mame

# MName

# Identifier

# Chainage

[ N145|Met flow to node

&N145|Unallucated water

t&NHSanIDw from: River Mode 227 (E491, 3303.0)
t&Nl#ﬂWater leaving model area

&Nldﬂf‘-ﬂass balance

Model objects can also be added to a scenario by selecting a model object and
then using drag and drop onto the scenario node in the explorer window.

————————————————————————————

3- To check whether the addition of the
above items has been done correctly,
double click the scenario to open it in the
viewing area. In the top pane, you can still
see the model schematic map but in the

bottom pane, you only see the model

Scenario of My base model =

MName

Bl WaterUserMode 1
Bl ReservoirMode 2
B RiverNode 1
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objects that you have added to the

scenario.

Double click the | WaterUserMode | group.

You can see that the Kagera Sugar
Estates has been added.

Double click “the Kagera Suger Estates”
node, you see that 'Water demand' and
'‘Water demand deficit' time series have
been added to the scenario. .

In some cases, you might need to exculde
a time series that you added to the
scenario. To do so, right click the time

series then select 'Exclude from scenario'.

Scenario of My base model » WaterUserNode =

Mame

® w239 (Kagera Sugar Estates)

Name Type
L Irrigation_KageraSugar_WaterUseTS.dfs0) -1 - Water demand  Input Timeseries Definition
s W38 Water demand deficit Output Timeseries Definition

Scenarno of My base model = WaterUzerNode = W239 (K

Marme

L Trrigation_KageraSugar_WaterUseTS.dfs0 - 1 - Water 4

iExcludEfrc-m SCEnario i

Add time series to optimizer constraints

(i.e. they contain no data).

The output time series has that are added to the scenario are only placeholders

=

Running a scenario and viewing the results

1- Once you have selected the input and
output time series of a scenario within the
Scenario Explorer, you are ready to run
this scenario. To do so, right click a
scenario and select 'Run simulation' and
select 'Foreground' — this creates a
simulation, and adds its results to the
database as time series which can be
viewed using the 'Time Series' explorer.

w < [ X ||i Scenarios ofx

(=) Models and Scenarios

Comparison Configuration

=-f Model Setups

Add optimizer

Check out...

Foreground Run simulation 3

Background on localhost Clone

Copy full path

Delete Del
i Tools Explorer Refresh F5
Search toolbox Rename F2

Scenario Tools - -
Auto-approve simulations
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2- When the simulation run is successfully
carried out, a new simulation node is
created under the parent scenario (you
might need to click the + sign next to the
scenario to see the simulation node) and a
notification appears in the bottom left
corner of the DSS window. The simulation
node contains the selected scenario inputs
and outputs.

The name of the simulation is by default:
Simulation of <Name of scenario> at
<Date and time of the simulation>. An
example is 'Simulation of Scenario of My
base model at 2014-08-03 18:22:39'.

Scenarios I x

=} E Maodels and Scenarios
i Comparison Configuration
Q-i Model Setups
i Awoja
B--i Group of My base model
=-fll My base model

B-Q Scenario of My base mode

f Simulation of Scenario of My base model at 2014-05-12 11:46:28

Scenario explorer x

v

Simulation Simulation of Scenario of My
base model at 2014-08-03 18:22:35
complete.

3- The properties of a simulation also
appear in the 'Properties' windows when it
is selected within the explorer of the
Scenario Manager. Most of the properties
cannot be changed except the description

and name.

¢ Properties ELL 2

Simulation - Simulation of Scenario of My base model at 2014-05-12 11:46 ~

8|
4 General Properties
Description
MName Simulation of Scenaric of My base
Runs 1
Time of run 5/12/2014 11:46 AM
4 Simulation status
Status OUTPUT_DATA_OK
4 Simulation times
End Date

Start Date

1/1/1991
1/1/1951

4- To check the results of the simulation,
select then double click the simulation. A
top pane with the model schematic map
appears at the top and the simulation time
series appears in the object tree view at
the bottom. Click on the group
and then the [[5 N145 (E492, 48420.37) | object
and then | [ N145Net flow to node | time

Simulation of Scenario of My base model at 2014-05-12 11:46:28 =~

Mame Count
B WaterUserMode 1
@ Riverhode 1
B Reservoirhlode 2
® MZAdapterlog 1
® 5C0.log 1
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series.

5- The net flow to the node chart appears as shown below. Explore the rest of the

results by selecting the model objects under the water user and reservoir nodes.

500 —
Legend
= N145|Net flow to node
450 —
400 —
350+
g
S 300
250+
200 —
150 —
100 T T | ! ‘ "
1171952 1/1/1960 17171968 1/1/1976 1111984
< Time series Oa X
ﬂ, Simulation results can also be = Database oy Group)
[+-jgg D55 Training
[+ Ensembles
accessed from the 'Time Series' Manager =l Models and Scenarios

(-l Awaoja model
' . ' Bi My base model
under the 'Models and Scenarios' as il Model Setup
=il Simulations
1 1 = Simulation of Scenario of My base model at 2014-05-12 11:46:

shown next (See exploring a registered Ni4S (L492, 4542059
i Cutput

="
i R143 (Lake Ihema and Assoc Wetlands)
i R206 (Lake Rushwa and Assoc Wetlands)
i W239 ([Kagera Sugar Estates)

model elements exercise for details) and

navigating to the simulation. For details on

viewing data in the 'Time Series' Manager,
see the 'Time Series' manager training

module.
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Changing scenario's input data (i.e. create a new scenario)

1- You will usually need to change
scenario's input time series data to explore
different options2. This can be done using
the 'Clone’ option and then changing the
input data.

In this example you will investigate the
impact of tripling the demands at the
'‘Kagera Sugar Estate' on the inflow to the
last node in the model.

: Scenarios 3 x

[—J--a Madels and Scenarios

i Comparison Configuration

= ‘-_ Model Setups

[ i Awoja

mm Group of My base model

=il My base model
E®- 4 Scenario of My basg

Open
Add optimizer

Check out...

Run simulaticn 3

Clone

Copy full path

Delete Del
Refresh F5
Rename F2

Auto-approve simulations

Cloning a scenario, in this case, is better than creating a new scenario as
cloning will also copy all the model objects that has been added by the user
while creating a new scenario will not.

————————————————————————————————)

2- Right click the 'Scenario of My base
model' and then clone. Rename the cloned
scenario to 'Scenario of My base model
with triple demand'.

Scenarios x

- Models and Scenarios
-i Comparison Configuration
: Model Setups

i Awaoja
E‘"i Group of My base model
=-fill My base model
-Q Scenario of My base model

-Q Scenario of My base model withtriple demand]

3- Open the new scenario and navigate to
'‘Kagera Sugar Estate' Water User Node.
Right-click the 'Water Demand' and select
‘Edit’

Scenario of My base model with triple demand > WaterUserNode = W239 (Kagera Sugar,

MName
M Irrigation_KageraSugar WaterUseTS.dfs0 -gaii
| W239|Water demand deficit

Exclude from scenario

Add variable to optimiser

4- Read and then Click 'OK' on the

information box

Scenario data view. L & ‘ P M

_'"-I Timeseries is being copied and referenced from: /Models and

W' Scenarios/My base model/Scenarios/Scenario of My base model with
triple demand/W232 (Kagera Sugar
Estates)/Input/Irrigation_KageraSugar_WaterUseTS.dfs0 - 1 - Water
demand

2 Changing model setups is covered under “modifying a model setup” exercise.
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. . . . Pl F By E Nl e ca |G O#-

5- Edlt the data In the table by Copylng It Data Values for Irrigation_KageraSugar_WaterUseTS.dfs -1 -

. ) . Water demand [m”3/s]
into a new spreadsheet within the 0
i i Ll 2/1/1951 12:00:00 AM a
'Spreadsheet' explorer or in Microsoft | 371951 12:00:00 AM 0
4/1/1951 12:00:00 AM 0
Excel, multiplying by 3 and copying it back 5/1/1951 120090 AM 0
[ 6/1/1951 12:00:00 AM 0
to the table and save. When copying back | | | 7ass120000am o
8/1/1951 12:00:00 AM [i]
data from spreadsheet, copy only the data Dbl e
i 10/1/1951 12:00:00 AM 1]
rows and leave the header row otherwise | SRR A -
12/1/1951 12:00:00 AM 15915
H H'H H 1/1/1952 12:00:00 AM 10.95
data will not be pasted. The modified time | e
. . . . 3/1/195212:00:00 AM 10737
series will be used for the new simulation. | | >~ ", o
5/1/1952 12:00:00 AM 11.856

6- Run a simulation of the new scenario and plot the results of the net flow at the last
node of the model. Flow is slightly lower than the results obtained in the Running a

scenario and viewing the results exercise (See results comparison section for more

details on how to compare scenario results).

500

Legend
— MN145|Met flow to node

450

400

350

300+

Discharge [m*3s]

250

200

150

100 *
T T T T T
1/1/1952 17111960 17111968 1111976 1111984
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Deleting a scenario

1- Within the Scenario explorer, Select the
scenario that needs to be deleted. Either
click the keyboard delete key or right click

the scenario node and select the

option

Scenarios

7 ||| Start Page

._—-a Models and Scenarios
i Comparison Configuration
Model Setups
i Avioja
Group of My base model
Bl My base model
-Q Scenario of My base model
=41y new Scerario ofmy base mode

Open
Add optimizer

Check out...

Run simulation 2

Clone

Copy full path

2- Click 'Yes' on the confirmation message.

The scenario has now been deleted.

Other operations such as rename are done
in the same way as described above for
the delete operation except that no
confirmation message is displayed.

Delete Del
Refresh E5
Rename F2
Auto-approve simulations
Scenario explorer ["'"’*-‘""I

|9I Do you want to delete the selected records?

Scenarios

E]& Models and Scenarios
‘-_ Comparison Configuration
- Model Setups

- Awaja

E|- MWy base model

ai Group of My base model

-Q Scenario of My base mode

‘=
The delete operation is undoable. Once a scenario is deleted, it cannot be
recovered. Deleting a scenario deletes all simulations under it and that is also
reflected in the time series explorer.

Exporting a scenario (i.e. check out a scenario)

Review Questions

1. List 5 scenario management operations in the DSS.

2. A simulation is an instance of a scenario at a specified time with results for

configured objects.
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e True

e False
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Answers

the 5 Scenario management operations are:

Creation

Cloning

Modification
Renaming

Results visualization

Deletion

True
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2.5. Results comparison
Introduction

This lesson introduces you to the available methods to compare simulation results

in the DSS. If you are familiar with those methods you may skip this lesson.

Topics covered:
e Directly compare scenario results
e Using the scenario comparison configuration
e Using indicators to compare scenarios
Learning Objectives:
After completing this lesson, you will be familiar with the various available methods

to compare scenario in the DSS.

Lesson pre-requisites

You have to be familiar with the scenario management, configuration and simulation

to take this lesson.
Comparing simulation results in the DSS

One of the powerful features of the DSS is the ability to compare scenario results
within the Scenario Manager without the need to use external tools. Three methods
exist to do this task in the DSS, namely:

e Direct comparison where data is plotted or tabulated against each other. This
method allows direct visual comparison and can be used when two or three
scenarios need to be compared. If more scenarios need to be compared, it is
advisable to use one the methods below.

e Using the comparison configuration where a configuration is defined with
those scenario elements that need to be compared. This method is useful
when more than the direct comparison is needed such as comparing duration
curves of an output time series from two simulations or more.

e Using indicators where indicators are defined at the model setup level and
they are calculated each time a scenario is run. This method is useful when

guantitative comparison is needed between scenarios. These indicators can
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be used in results comparison and/or in advanced analysis such as the Multi
Criteria Analysis (MCA).

In the next sections, comparing scenarios using the above methods is presented.
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Exercises

Directly Comparing the input data and results of two scenarios
In the scenario management, configuration and simulation section, two simulations have

been undertaken under two different scenarios. This exercise shows how to compare the

input data and results of two scenarios.

1- Activate the 'Time Series' explorer (See
'Time Series' manager exercises for
details). Expand the '‘Models and
Scenarios' group then '‘My base model’
group and finally the 'Simulations' group.
You can see the two simulations, that were
carried out in the above mentioned

exercises, listed there.

- Time series ofx

E"I-E Database by Group)
(- D55 Training

il Ensembles

Maodels and Scenarios

i Awoja model

B My base model

Maodel Setup

i simulations
i Simulation of Scenario of My base model at 2014-05-12 11:46:25
i Simulation of Scenario of My base model with triple demand at 201405

2- Expand the first simulation and navigate
to the 'Kagera Sugar Estates'. Expand the
node and click on the 'Input' group and
double click on the 'Water demand' time

series.

|i'|me series oRx
l-i-é Database (by Group)
et

D55 Training
Ensembles

Awoja model
My base model
Model Setup

imulation of Scenario of My base model at 2014-05-12 11:46:25
B 1145 (E492, 4842037)
-_ R148 [Lake Thema and Assoc Wetlands)

i R206 [Lake Rushwa and Assoc Wetlands)
ﬁ W239 (Kagera Sugar Estates)

- Input

I Wl Irrigation_KageraSugar_WaterUseTS. dfs0 - 1 - Water demand
- Output
[+ Simulation of Scenario of My base maodel with triple demand at 2014-05-12 1

3- Water demand time series is plotted.
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Legend
Irrigation_KageraSugar_\WaterlseTS.dfs0
-1 -water demand

Water Flow [m*3ls]
e
|

o T T T T
1/1/1952 1711960 1711968 111976 111984

4- Expand the second simulation and navigate to the 'Kagera Sugar Estates'. Expand
the node and click on the 'Input’ group and double click on the 'Water demand' time
series. The second time series is added and it can be seen that the water demand of the

second time series is three times the first one's demand.
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T 0
MMLWMMW{JMjNMWE”ﬁyI“JV

5- Repeat the above steps for the N145 river node net flow (you need to add the first
time series to a new chart). It can be noted that under this node only an 'Output’ group
exists but there is no 'Input’ group. This is because no input time series was selected for
this node for those scenarios. It is also obvious that the net flow from the second
scenario is slightly lower than the first one due to the demand increase.

500 —
Legend
of naric
maodel at 2014-05-12
45 (E492. 48420.37)/Output/N145|Net
e
o | I of Scer
45 Sy model with triple
demand at 2014-05-12 12:44:19/N 145
(E492, 48420.37)/Output/N145|Net
flow to node
400 —| i | l
ol
1 | I
] |
| b
350 — S : I |
! fy
i i | ! 0 | v
. . {h
z ' 1 |
=3 300 — n 1 1
£ p I I WI | Il
& |
E ‘I r’I | b [ I ‘ l |
I | 1 b I [
1 vl 1 I ‘
250 | Rt R T P A e [ bl 11
| i Il Il I
| 1 | | f I o r I |
I S \ | |l |1 |
TH R | f 1l | | I{ 1
200 || | | Al !
W/l 1] | | | i R
i, | h ﬂ i ’ 1 Plotting Area |
11 b
L | l
|
150 —| ! I i l] I by
T I
|
100 T T T T T
17171952 14111560 1/1/1968 11111576 14111584

Page 51




Scenario Manager

Comparing scenarios using comparison configuration

1- To create a new
comparison, right click

: Scenarios

BE Maodels and Scenarios

i _

on the ‘comparison -l Moce] S
_ _ _ - A Refresh s

configuration' group in =l Grom—rmy

the Scenario Explorer

and select 'New

comparison'.

2- A new comparison is : Scenarios

created. Leave the

default name as it is.

E'E Models and Scenarios

- /(; Comparison 1

— LN

E'i Comparisan Canfiguration

3- Double click on 'Comparison 1' to open the comparison configuration window. The

window (See below) has a box for model setups and another one for simulations.

4 Start Page [ 7 Comparison1 |

4 pix

ff‘ Scenario comparison configuration

B Model Setups

Model Name

Medel Type

# Compared Simulations

Model

Simulation

4- Drag the 'My base model'

model setup into the model setup box.
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 Scenarios x| M start Page [9 Comparison 1 I
=~ E Models and Scenarios
ai Comparison Configuration
. 9 Comparison 1

J# Scenario comparison config

. Model Setups

S e B Model Setups
-- Awoja
E‘-_ Group of My base model Maodel Name

) e |
- -Q Scenario of My base model o .

-Q Scenario of My base model with triple demand

o

# Compared Simulations
Model

5- The model setup appears in the top box with its corresponding simulations in the

bottom box.

J# Scenario comparison configuration

B Model Setups
Model Name Model Type

# Compared Simulations
TG Scenario Simulation

B My base model Scenario of My base model with triple demand  Simulation of Scenario of My base model with t...

[T My base model Scenario of My base model Simulation of Scenario of My base model at 201...

6- Select the two : :
# Compared Simulations

Model
‘Variable configuration' tab My base model

at the bottom to configure My base model

simulations and click the

the variables.

Variables Configuration
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7- Select the N145 river
node net flow as done

previously.

Comparison 1 = Mybase model > RiverNode = N145(E492, 48420.37) =

Name Type
® Name String
@ Identifier String
@ Chainage Float

E MN145|Met flow to node Output Timeseries

8- Select the 'To chart' tool
from the 'Output Tools'
category under the tools
explorer.

: Tools Explorer

| cuch|

DataSeries Tools

E’i Qutput Toals
To chart
-_ Stored Seguence

9- Run the tool by clicking
the

in the properties

window.

! Properties

To chart - Presentation Tool

Ta chart
4 Tool settings
Apply template Default
Chart area option MewChart Area
Chart option ActiveQrMewChart

10- The time series for the two simulations is plotted.

(S EE R AnF b T
500+
Legend
N145[Net flow to node (Simulation
450 _ of Scenario of My base model
with triple demand at 2014-05-12
12:44:19)
200 N145|Net flow to nede (Simulation
] I of Scenario of My base model
il 'I at 2014-05-12 11:46:28)
|
- 350 i (R
I 1 f i | Fi
£ b 1A { {
g 300 i , i | Hi
= A fi 4 ! 1 I' | L | A
ki . il usl , | oy
o 950 g L ! i b \ ik \I; RS ik i
i | ! .'I J jul | Al 11
I A | Y i L] | s ||| SR
200 ' | — W ! th
T TR L | o4 | |
Ul 1ty i !
|._ LTIWAT) | i |
150+ T i Il,I | ||".I
100—— T T T T ]
1/1/1952 1/1/1960 1/1/1568 1/1/1576 1/1/15984

11- A duration curve can be also created for the time series using the ‘duration curve

tool from the 'Advanced statistics' category under the tools explorer.
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—
I Chart | -4 b
S-BEAsFQAR ¥ s
500
Legend
Duration Curve - N145|Net
450+ flow to node (Simulation
— of Scenario of My base model
with triple demand at 2014-05-12
400\ 12:44:15)
Duration Curve - N145|Net
! flow to node (Simulation
of Scenario of My base model
g 350 at 2014-05-12 11:46:28)
E
S 300+
=
.2
o 2504
200+
150+
100 T T T T 1
0.2 0.4 0.6 0.8 1
Hoads [(]
Copying the full path a model setup
Scenarios

1- Within the Scenario explorer, Select the
model setup which you need clone (e.g.
My base model). Right click the mouse and

select the |Copy full path| option.

E-jigg Models and Scenarios
&]i ComparisonConfiguration
El‘-_ Model Setups

G- Avoia
|_‘—_",i Group of My base model
e P

Er'< Open

Open in native model tool '

Che Mew scenario : ,

Enable indicators

Clone

Copy full path

Delete Del
Refresh F5
Rename F2
Compare [

-

2- Now the path is copied to the clipboard.
Paste in Notepad to check it.

This path is required, for example, in
scripts or indicators to get the path to a

model setup.

/Group of My base model/My base model

Page 55




Scenario Manager

Comparing scenarios using indicators

In this exercise, you will compare the two scenarios using two indicators, namely, the

average energy in the system and the change in evaporation between the two scenarios.

The average energy in the system indicator calculates the system wide average annual

energy. It has two parameters. The first parameter is the path to the Scenario which the

average hydropower will be calculated for. The second parameter is a unit divisor. If this

divisor is 1.0 then output is in Megawatt. If it is 1000 then it is in Giga watt.

The change in evaporation indicator compares the evaporation between two scenarios.

It has 4 parameters. The first two are the path to the base case and the future case. The

third parameter is also a unit divisor to change units from Million m3 to Billion m3. The

fourth parameter allows the user to calculate the change from the baseline as a volume

or a percentage. To calculate the change as a volume use 'VOL'. To calculate the

change as a percentage use 'PBC'.

1- In order to use indicators, scripts need
to be developed to calculate the values of
those indicators. A number of scripts have
already been developed as part of the
DSS. Two will be used here to calculate
the generated power and evaporation. In
the "Tools' explorer, select the 'Data Import
Tool' under the “Data tools” category. In
the 'Properties' explorer, browse to the

import path which is

: Tools Explorer

onx

Tools

»»
»

""" W Stored Sequence
Cther Tools

m

»

E i Datatook

L M4, Change-log query
4, DataExport Tool
W4, Datalmport Tool
-\l Event-log query

LM Feoturs Clacs Qusry Tonl

: Properties

Data Import - Tool

.\ScenarioExp\Data\Scripts. Press the

button.

sl FEE
4 Description

Tool Data Import Toaol

4 Parameters

I

)

2- The tool now looks into the folder and finds what is suitable to import (i.e. this tool is

generic and can be used to import other object types that were previously exported from

the DSS. it has to be the same DSS version though.) and lists them as shown below.

Click the start button to import all of the scripts as some of them are needed to run the

two scripts that will be used in this exercise.
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Export data to folder

Impadt falder

EE'MM\TIHII'III'II;_ Hﬁ‘l"ﬂﬂ‘.".i(!l‘l‘iflﬂbp".ﬂ!"bl".stllH‘.;’
L

script storage |

Imported

NBlScripts
.Wldﬂbdlﬂlﬂﬁ
IEmﬂrnnm:ﬁ!aMa!ur;
.Ecnnnmic[ndncators
.'E-prﬂdshml.ﬁt-ils-
IMﬂlCustnmScnpts
MetaitsD

| Baseltils

Metalhit

.Hdst:lutlls

You will see ‘green ticks' in the 'Imported’ column if import was successful, otherwise ‘red

crosses' will appear in the 'Error' column

3- View the 'Scripts' explorer after the  Scripts

Elﬁ Database [by Group)
=R Economic Indicators
shown next. -E# EC1_Mavigation
EC21_AverageEnergy
EC22_AverageEnergy_System
EC31_Evaploss
EC32_Evaploss_System
EC32_Evaploss_System_Compare
EC4_FloodDamage
EC51_FoodProduction
EC51_FoodProductionSingle
EC51 ProdudionIncome

— EC51_ProductionIncomeSingle
I:EI--ﬁ Environmental Indicators

[ Miscellaneous

G- Social Indicatars

import and it should look like what is

B

PODIPBDPS
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4- Go back to the Scenario explorer and
select 'My future model' model setup. Right
click and select 'Enable indicators'.

7
: Scenarios

= E Models and Scenarios
:j+f_=-i Comparison Configuration
=g Model Setups
+} ‘-— Group of My base model
=)@l Group of My future model
BRIy future m

. Scenarig

Open

Open in native model tool
New scenario

Enable indicators

Clone

Copy full path

Delete Del
Refresh F5

Rename F2

Compare »

5- Now as can be seen next, a new item

has been added to the model setup. This
item is called 'Indicators Definitions'. This
is where indicators will be defined.

Scenarios

=i Models and Scenarios
# i Comparison Configuration
= i Model Setups
0] i Group of My base model
B i Group of My future model
=8 | My future model
- Q(ndicator Definitiors

-u@ SCETET

Oture model

6- Double click the 'Indicators Definitions'. The window shown below appears (See the

Indicator Manager training manual for more details). Click the 'New indicator' link at the

top right.
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Indicator definibons C tiieaice
MName Description Dielete
Indicator details H ®

Pasametess | pame Description Type Value type Value

7- The 'Indicator details' window appears. This is where the indicator will be defined. The
following is needed to define the indicator:

Name: This is the indicator name. It has to be unique and it is better to be representative
(e.g. including some information about the location where the indicator is defined).
Description (optional): This where you give a description of what the indicator will
calculate.

Script: This is the script developed to calculate the indicator.

Parameters: If the script requires input parameters then they are listed here. Each
parameter will have a name, description, type, value type and value (for more

information on this see ‘Indicators' manager training module).

Indicator details H ®

Name MNew indicator

Description

Script  /Economic Indicators/EC22_AverageEnergy_System

Parameters | name Description Type Value type Value
ScenarioPath Scenario path (/Subfolde... |string Value
UnitDivisor unit divisor (1000 convert... | int Value

For this exercise drag the' 'EC22_AverageEnergy_System' script into the Script box.
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8- First you need to calculate the average
energy for the future scenario. Therefore,
the first parameter can be obtained by right
clicking the 'Scenario of My future model'
node in the Scenario explorer and select
‘Copy full path'. This copies the scenario
path into the clipboard so it can be pasted
into the value box.

For the second parameter use 1000 for
this exercise. Script should look like the

window shown next.

Scenarios

(- Models and Scenarios
@i ComparisonConfiguration
E1..i Maodel Setups
Awioja
Group of My base model
Group of My future model
-fll My future model

-

Indicator Definitiors

Open
Add optimizer

Check out...

Run simulation 3

Clone

Copy full path

Delete Del
Refresh E5
Rename F2

Auto-approve simulations

Indicator details

H ®

Mame  Future generated power

Description
Script  /Economic Indicators/EC22_AverageEnergy_System
Parameters | pame Description Type

.S:enarioPath Scenario path (/SubfolderldnMa.., ‘string

UnitDivisor unit divisor (1000 converts M to... | int

Value type Value
Value - :ﬂ’Group of My future model/My future model/Scenaric of My future model |
- 1000

Value

9- Press the E button to save your indicator.

indicatm details

d|®

Marme  Future generated power
Description
Scrpt  /Economi Indecators/EC22_AverageEnergy System
Parzmeters | pame Description Type
ScenanaPath Scensnio peth (/Sublfoldednbo..  strng
UnitDrisor wanit dnvises (1000 comvents M to.. | int

Value type Value

Value = | fGroup of My futune medel My futune madelScenana of My futire rmadel

Value = | 1000

Note that this is the first time you need to save in this module. All model setup, scenario

and simulation operation are saved automatically. But the indicator definitions need to be

saved by you.

10- Repeat step 8 to calculate the generated power for the ‘My base model' model

setup. Indicator definition should look like the window shown next.
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ndicator details

Name Current generated power

Description

Script  /Economic Indicators/EC22_AverageEnergy_System

UnitDivisor unit divisor (1000 converts M to... | int

Parameters | Name Description Type Value type Value
Scenario path (/SubfoldednMo... [string | Value ~ | /Group of My base model/My base model/Scenario of My base model

Value - 1000

11- Repeat steps 8 to calculate the change in evaporation using the

'EC32_EvapLoss_System_Compare ' script. For this exercise use '1000' and 'PBC' for

the unit divisor and out units.

12- Once the definition of the indicator is
completed, run a simulation for the
'‘Scenario of My future model' scenario.
Indicator values can be viewed by double

clicking [ 9 after the

simulation is done.

: Scenarios

Indicator details H &
Name Changein evaporation
Description
Script  /Econemic Indicators/EC32_Evaploss_System_Compare
Parameters | pame Description Type Value type Value
| sPathBCase iBaseIinescenario [/Subfo... | string | Value ~ | /Group of My base mode...
| sPathScen 5Scenanopath (/Subfolde... |string | Value ~ |/Group of My future mo...
| UnitDivisor iunit divisor (1000 convert... émt :Value - .1000
:outUmts ;Output units (VOL = cha... |string Value -

Oofx

5& Models and Scenarias

'3i Madel Setups
G- Awoja

are defined.

The indicators are calculated for all simulations that are carried out after they

E{.‘-_ ComparisonConfiguration

@i Group of My base model

.—Ji Group of My future model
EI- My future madel

£ IndicatorDefini
IR Yindicator Values

G-=3 Scenario o

Wy future model

13- As can be seen below, a spreadsheet is opened showing the scenario and
simulation names followed by the indicator values. EC22 shows the future and the
current annual generated power (an increase which is on the positive side). On the other

hand, EC32 shows an increase in the evaporation which can be on the negative side.
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Indicator values - My future model™ ]

3-8 XA Bl T 5 B -

G6 -
Al B | c | o [ e | ¢
Future Current
generated generated Change in
1 |# Scenario Simulation power power evaporation

Scenario of My Simulation of Scenario of
future model  py future model at 2014-
2 |1 06-20 15:03:47 668.701 0 21.73

e —————

The indicators spreadsheet is created on the fly. If edited and saved without
changing the name, edits are not overwritten.

Review Questions

1. List the result comparison methods in the DSS.

2. The comparison configuration can be used in an MCA
. True
o False

3. Indicators are defined at the scenario level.
. True

. False
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Answers

1. Results comparison methods are: direct comparison, using the comparison
configuration and using indicators.
False

3. False (at the model setup level)
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2.6. Model setup changes
Introduction

This lesson introduces you to modifying model setups in DSS. If you are familiar with this

process you may skip this lesson.

Topics covered:
e Opening model setups in native modeling tools
e Modifying model setups in native tools
e Saving and running model setup in native tools
Learning Objectives:
After completing this lesson, you will be familiar with the process of modifying,

saving and running model setups in native tools.

Lesson pre-requisites

You have to be familiar with the model registration and scenario management,

configuration and simulation to take this lesson.

Modifying model setups (i.e. editing models in native tools)

A model setup that is registered and run in the DSS might need to be modified, for
example, to assess the impacts of, for example, a new dam or a new irrigation
development. This has to be done in the native tool (i.e. the modelling tool) that created
the registered model setup. The DSS has the capacity to automatically open a model
setup in a native by exporting all of its components in the native tool format. This is then
opened in the native tool and you can modify the model schematic and/or data as
needed. Following this, the modified model setup can be registered into the DSS. As
mentioned previously, the modified model has to successfully run in the native tool prior

to re-registration. These steps are presented in the exercises section below.
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Exercises

Modifying a model setup

1- Within the Scenario explorer, Select the
model setup that you need to modify. Right
click and select 'Open in native model tool'.

e
- Scenarios

=i Models and Scenarios
i Comparison Configuration
=g Model Setups

=i Group of My base model
=il My base model
== Scenario of My base model
=R " | Clone of My base mode
b Open

| Open in native model tool|

2- Keep “Open MIKE HYDRO” checked
and select the folder to save the file using
the button. Click 'OK' then the model

opens directly in Mike Hydro. As shown

below. It is advisable to save the model to
an appropriate folder rather than using the
suggested temporary location.

Open MIKE HYDRO

X3798800.78, Y-141585.83 meter Map scale: 2311167

Ja1014x3 Dafold |

| setup [ Symbology  Result | Map | Tabular

Simulation

Validation | Simulation

[Ready

MIKE Hydro was selected here by the DSS as it is the ‘native’ modeling tool
where the model setup was created. For model setups created by other

No Tracking Mode

modeling tools the choice would be different.
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3- Make the changes described below. In those changes, two proposed dams are

added. Each dam has a hydropower stations and irrigation scheme.

- Add Dam No 1 (Rusumo) and
Dam No 2 (Kakono) , Irrgiation,
and HP stations to the schematic
as shown.

- Populate the data as given in

the tables below.

Dams
Dam No 1 (Rusumo) Dam No 2 (Kakono)
Level Area Volume Rusumo_LAV Kakono LAV
Initial Level 1322 1182
Losses Mbarara_LossesGainsTS Mbarara_LossesGainsTS
Characteristic Levels Rusumo_Characteristic Levels | Kakono CharacteristicLevq
Flood Control Level Rusumo FCL Kakono FCL
Minimum Release Rusumo_Min_Release 10percent_of average flow
Minimum Operation Level | Rusumo_MinOpLevel Kakono MinOpLevel
Spillway Rusumo_Spillway Kakono_Spill
Users: Irrigation Rusumo_Reduction
Priority 2
HP Rusumo_Reduction Kakono_Reduction
Priority 1 Priority 1
Hydropower Plants
Dam No 1 HP Dam No 2 HP
Demand Rusumo_Power Kakono_Power
Efficiency Hydropower Efficiency | Hydropower Efficiency
Tailwater level Rusumo_Tailwater

Water Users:

Water Use Time series:
Dam No 1lrrigation: Irrigation_Rusumo_WaterUseTS
Dam No 2lrrigation: Irrigation_Kakono_WaterUseTS

Return Flow (same for all): 10 percent_return_flow
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The model should look like the picture below after addition of the above model objects.

Save the new model as 'SC1.mhydro' and run the new model then exit.

Mode! Register Wizard - Specifications =X

4- Register the new model as explained in — Q

Specification helps to assign group and create default scenaria with medel.

the model registration section. Give it a s

Model Setup Group /Group of My future mode

suitable name (e.g. 'My future model’). At

Scenario
@) Do Not Create Scenario

@) Create Default Scenarie

the last screen, instead of creating a NameofScmaio[sceni oy e e \
default scenario, create a scenario that is S

qﬂmﬂn’)[ume\—whmmm
based on the 'My base model' setup. To do senste T T N o

this select the |Use Template Scenariul option

and under 'Model Setup' select 'My base — =
model'. This will populate the list of Seeners =
=~ E Models and Scenarios
. f . - ComparisonConfiguration
scenarios; select 'Scenario of My base ©  ModeiSetugs
Awaoja
model' Group ofMy base model

M My base model

| Group of My future mode

=l My future made
-Q Scenario of My future mode

Creating a scenario using a template saves time as the newly created scenario
is populated with all the model objects that were added by the user. Therefore,
there is no need to add them again. You need to rename to the new scenario to
reflect the model setup

5- In addition to those time series that already exists in the created scenario, add the

following outputs using the steps in configuring a scenario exercise:

- Generated power for dams 1 and 2
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- Evaporation from dams 1 and 2 reservoirs

6- Run a simulation and check the results

Review Questions

1. Modifying model setup can be done within the DSS user interface
. True
. False

2. User has to manually copy a registered model setup into the native modeling

tool.
° True
° False

3. Plot the “net flow to node” at N145 from both the modified model and the original

model to compare
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Answers

1. False (in the native modelling tool)
2. False (Done using the DSS user interface)

500
Legend
...[Simulation of Scenario
_ of My base model at 2014-05-12
11:46:28/N145 (E452, 48420.37)/0utput/N145|Net
400 flow to node
ISimulation of Scenario
of My future model at 2014-06-20
15:03:47/N145 (E452, 48420.37)/Output/N145|Net
flow to node
g 300— |
=
k!
: I 1! | L1l
i 1l l
& 200 {'\N WI f\ 1 A 'll Ll L] }
100
0 T T T T T al
111952 111960 1/1/1968 11171976 1171934
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2.7. Model linking

Introduction

This lesson introduces you to the concept and steps of linking models in the DSS. If you

are familiar with those steps you may skip this lesson.

Topics covered:
e What is model linking?
e Why model linking is needed?
e Types of models that can be linked in the DSS
e Steps to link models in the DSS
Learning Objectives:
After completing this lesson, you will be familiar with the process of linking models
in the DSS.

Lesson pre-requisites

You have to be familiar with the model registration and scenario management,

configuration and simulation to take this lesson.

What is model linking?

In the DSS, it is possible to link two or more model setups and run scenarios based on
them in sequence. This feature is useful when linking, for example, a detailed rainfall
runoff model to a hydrological model or a hydrological model to a one-dimensional river
model. As shown in the figure below, a rainfall-runoff (NAM model) and a MIKE hydro
model are linked within the DSS and can be executed in sequence. The rainfall-runoff
model is simulating a catchment and calculating its run off. This runoff then feeds into a

reservoir which then releases water to a downstream user.
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MAM model

Mike Hydro model

Figure 6: A schematic of two linked models.

Why model linking?

Model linking is another flexible and innovative tool that is included in the DSS. In
various situation, Water resources studies might require modeling different parts of a
basin using different approaches. For example, the lower reach of a catchment can
modeled with a 1D hydraulics model that is fed by an output from a catchment
rainfall-runoff model. Having those models linked in as one model is a big advantage
as it reduces the efforts needed to move data from one to the other and reduce the
possibility of making mistakes while moving the data. It also simplifies the creation of
complex models for large systems (e.g. the whole Nile basin) as it can be subdivided
into relatively smaller sub-catchment models that can then be linked together to a
main-stem model. It also can facilitate the analysis of the impacts of making changes

in one model on others that are run afterwards. Decision making is also made easier
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as the model results can be taken as one in analysis tools such as the Multi Criteria
Analysis (MCA) tool.

Types of models that can be linked in the DSS

The general rule is that models that are registered in the DSS, can be linked to each
other, provided that, it does make physical sense to link them.

In the next section, model linking is presented.
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Exercises

Setting up a linked model

1- Create a new group under model setup

and call it 'Linked models'.

. Scenarios

=i Models and Scenarios

[+ "-_ Comparison Configuration
|- Model Setups

G- Awoja

'i’i Group of My base model

i Group of My future model

::.;.:r..

2- Register the Mike Hydro model located at
..\ ScenarioExp\Data\Linking\Reservoir
under the 'Linked models' group. Call the
model setup 'Reservoir model'. Refer to
Exercise Registering a model into the DSS

for additional information

3- A NAM (rainfall-runoff) model needs to
be also registered. This can done using
Mike 11 DSS Adaptor.

Select the 'Linked models' group and then
'Register model'. In the model registration
wizard, select 'Mike 11" and click next.

Model Register Wizard - Welcome Page =X
Model register wizard.

This wizard helps to register amodel andlinkits time series with existing or new features.

Select Model Tya MIKELL 5

4- The Mike 11 model register wizard
appears, Click next.

NAM model can also be created using MIKE HYDRO and in that case
registered using the MIKE HYDRO adapter.

MIKE 11 model register wizard.
This wizard helps toregister MIKE 11 model.
ho register a MIKE 11 model setup you shall have prepared the following:

&

* a model setup in a folder structure where all files are located
* the model setup must have result files to allow registration of outputs

The wizard will then in the following steps guide you through:
* selection of the model setup
* verification of the model setup

* preparation of input to the registration process

Click Next to start the process.
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5- Call the model 'Upper catchment' and go
to the ..\ ScenarioExp\Data\Linking\NAM
and select the NAN.sim11 file. Click next.

WS MIKE11 Wizard - Input Page %
MIKE 11 model register wizard. ¥ 1
Please provide belowinputfor registering the model.

Input Parameters

Model Name

Model file path E

[ concel | [ <Back | [ New> |

6- A warning message appears since the

model has no projection. Click yes.

—
T

'@' The MIKE 11 registration wizard expects a projection to be set in the

¥ network file, This is not the case for this medel setup. If projection is

~ not set the registration process cannot include the schematic as part of
the registration.
Would you like to continue the model registration without the shape
infermation?

7- Click 'Prepare for Registration'.

g MIKEL1 Wizard - Overview Page

(@ K:\mam\Training_HowTos\ScenaricExp\Data\Linking\NANM\NAN.sim11 |
] Model Setup File

| Mike 11 Initial Condition

=] Model Objects

-5 Other Output Data

( Prepare for Registration

8- When preparation is completed. Click

finish.

(Ereparatmn for registration Complete :

< Back Next > )

9- Now you are back to the main
registration wizard click next and then finish

completing the registration.

Page 74




Scenario Manager

10- The Mike Hydro and NAM models have
now been imported into the DSS.

© Scenarios

=i Models and Scenarias
i Comparison Canfiguration
=- g Model Setups
i Awaja
i Group of My base model
i Group of My future madel
B- i Linked models
- Reservoirmodel
------ -Q Scenario of Reservoir model

EI - Upper catchmen

------ -q Scenario of Upper catchment

11- Right click the ‘Linked models' group
Call the
linked model group 'NAM_to_MikeHydro .

then select 'Create Linked model'.

. Scenarios

EIE Maodels and Scenarios
Eli Comparison Canfiguration
= Model Setups
E—]‘-_ Awoja
|_‘_'} i Group of My base model
LJ - Group of My future model

- i
E‘ - F MNew group

ks Delete Del

EI -_L Refresh F5

Rename F2

Register model

Create linked model

12- Double click the 'NAM_to_MikeHydro '
group to open the 'Linked model
configuration' window. The top pane of the
window allows the user to add the model
setups that will be linked. The bottom pane

defines the links between the model setups.

4 St Page | NAMLto ik | ~ivx

J7 Linked model configuration

Model Setups

Name Path Sequence

Drag Model Setup here tolink the mode to th linked model.

Upstream Model Downstream Model Script

Create model links from the Map tab by dragging output and input time series to the Downstream and Upstream fields.

Tebe [ Map.
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13- Drag and drop the Mike hydro model J# Linked model configuration

i i B Model Setups

first into the 'Model Setups' Box and then T o T
Upper catchment /Linked models/Upper catchment i

the NAM mode|_ Mode| SetUpS ShOUId IOOk Reservoir model /Linked models/Reservoir model 2

like the window shown next with NAM

model at the top (i.e. sequence 1) and the

Mike Hydro at the bottom (i.e. sequence 2).

Model setup sequence can be changed by right clicking a model and moving it
up or down from the popup menu. Model setups can also be deleted from the
same menu.

14- To define the links you need to move to e
the 'Map' Tab of the Links box.

Name

Create model links from the I

|
_Tab\el\_! Map :’

15- In the 'Map' tab, the models' map appears at the top them the model objects and at
the bottom the link configuration box. This box has 3 items. The first two are mandatory
as they define the upstream node of the first model that will be linked to a downstream
point at the second model. The third item is a script that can be called when data is
transferred from the first model to the second one in case any pre-processing is needed

(e.g. unit conversion, time step change).
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i Reservoir model - ReservoirNode = | b 47 @ & Gl 2L 5L |k - |BE|
W Recenmnir modal - Re mvirh,
No model objects

e
B NesTvun Thoue - viaiel Usel
"8 Reservoir model - Riverhlode

— Reservoir model - Connection
"— Reservoir model - Branch
] Reservoir model - Catchment

10km
EIT | 0,0

NAM_to_MikeHydro >

Search Text [ke%
Mame Type
i Upper catchment ModelSetup
i Reserveir model ModelSetup
4 [ »
Upstream Drag output timeseries here... =
Downstresm  Drag input timeseries here... ﬂ !;
Script (Optional) Drag script here.. -
In this exercise, we will focus on the first two items.
16- To create the link, double click 'Upper
Catchment' model then 'Mike 11' twice and Name Type
. . i T - - =
then select the runoff time series 4d RunOff, NAN, 13000000 -1 .. Output Timeseries

17- Drag and drop the runoff time series in Upstresm  RunOff, NAN, 13000.000 - 1 - UpperNAN.resl1

to the upstream box.

18- Similarly, double click Reservoir model' | [Wtetkethde - Resevermodel - Catchmert - C1 (Catchmentl) -

MName Type MName
then 'Catchment' then 'C1 (catchment)' and o Name String Catchmen
i i i @ Identifier String 1
then select the inflow time series. ° Aes Foat 1000
® GroundWaterModel String MNene
® RainfallRunoffModel String MNeone
| P24 Inflow.dfs0 o .

19- Drag and drop the inflow time series in to the downstream box then click the
button to add the link. Go back to the table box of the links window. The link have been
added between the two models
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Links

Mame

RunOff, NAN, 13000000 -1 - UpperMAN. res1l

Upstream Model
Upper catchment

Downstream Model

Rezervoir model

To remove a link, right click and select delete from the popup menu.

IS an input.

20- In order to run a scenario based on the
linked model, a new scenario has to be

created in same way it is created for a

single model. So create a new scenario and

call it 'Linked models scenario'

C-fi linked models
2l Reservoirmodel

E}- Upper catchment

- NAM_to_MikeHydro

------ -Q Scenario of Reservair model

------ -Q Scenario of Upper catchment

Note that the upstream time series is an output and the downstream time series

21- As done previously, add model objects to be included in this scenario from the model

setup window map tab.

Linked models scenaro = Upper catchment = MIKE11 = MIKE11 =

Mame

[ RunOff, NAN, 13000000 - 1 - UpperNAN.resl1

Type

Output Timeseries Definition

In this exercise, the runoff from the first model and the inflow to the second model can

be added to check that they are identical.

Linked models scenario > Reservoirmodel = Catchment = C1(Catchmentl) =

Mame

|4 Inflow.dfsD - 1 - Runoff

Type

Input Timeseries Definition

22- Run the scenario and check the results. Runoff from the first model should be

identical to the inflow of the second model as shown below.
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B EFAQR ¥ o i~
2000
Legend
— PR
1500 |
5 1250 |
£
Z 1000 J ‘l I ‘ ‘
2 750 || | ‘.; l] ! NAM model output
I I l ‘
I T A h(
I | i -wh'l ]I'I "n
=P
' I|| ¥ \_4: \l J '-:.L- M ‘-\. w \hl
1/1/2006 1/1/2008 1/1/2010
[z chare2 | T
S-BEAEPFQR| W ki -
2000
Legend
1750 — Inflow.dfs0 - 1 - Runeff
1500
7 1250 | |J
E Y | | J J Mike Hydro model input
Ty (| |
750 | Ig ‘ J H |\ '.-I U ‘ q
500 | ” ! L ’Ej' [l d, 'MI
’ L .
L
SR AR T . L.
I [ s O L
1/1/2006 1/1/2008 1712010

Models that can be registered (i.e. imported) in the DSS can be linked
irrespective of the native modeling tool.

Review Questions

1. Models developed by any modeling tools can be linked in the DSS.
. True
o False

2. Indicators can be defined for linked models.
. True

. False
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Answers

1. False (registered models in the DSS can be linked to each other)
2. True
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2.8. Running simulation with ensembles
Introduction

This lesson introduces you to running simulation for scenarios, which have ensemble

time series inputs in the DSS. If you are familiar with this you may skip this lesson.

Topics covered:
e Introduction to Ensemble scenarios and simulations
e How are indicators are calculated for Ensemble runs?
e Steps to run Ensemble scenario in the DSS
Learning Objectives:
After completing this lesson, you will be familiar with the process of running

Ensemble scenarios in the DSS.

Lesson pre-requisites

You have to be familiar with the model registration and scenario management,

configuration and simulation to take this lesson. Details on Ensembles can be found

in the 'Time Series' manager training module.

Ensemble scenarios and simulations in the DSS

In the DSS, ensemble time series can be assigned directly to the input variables of a
scenario. As long as one variable has been associated with an ensemble time series,
the scenario becomes an 'Ensemble scenario'. Typically the ensemble inputs are
extracted from ensemble output of meteorological models, or by using DSS tools to
generate an ensemble of equally likely realizations of weather data, based on historical

data.

When an ensemble scenario is executed (i.e. a simulation is run), the DSS runs one
simulation for each ensemble member, in the order that the members are defined in the
ensemble time series. If two or more ensemble members have been associated to two
or more different variables in the same ensemble scenario, a number of simulations

corresponding to the ensemble with the lowest number of members will be executed.
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Hence, if two ensembles with, say, 10 and 15 members have been associated to two
different variables in the same ensemble scenario, the system will perform 10 model
executions before returning. For the ensemble with 15 members, the DSS will use the

first 10 ensemble members. The output ensemble time series will have 10 members.

When all simulations have been completed, a single simulation node is produced in the
Scenario explorer (similar to ‘regular’ scenarios), but all simulation output time series will
be in the form of ensemble time series. The ensemble outputs can be analyzed and their
statistics (e.g. mean, quantiles, ranges, exceedance probabilities etc) can be calculated.
If the ensemble scenario is run on a multi-core processer, the scenario manager will

utilize the available cores to run the models in parallel.
How are indicators calculated for an Ensemble run?

If a model setup has indicators defined, they will be calculated following a successful
model run. If the scenario uses ensemble input the outputs become ensembles, hence
an output time series used as argument for the indicator script will be an ensemble time

series.

If the script assumes only a normal time series this will mean the output is calculated
based upon ensemble member 0 (the first member). If the script is constructed to deal
with ensemble time series then it will calculate the indicator value for the different

members and then returning the average of that as the script must return ONE number.

In the next exercise, comparing scenarios using the above methods is presented.
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Exercises

Running an ensemble scenario

1- Create a group under the Model Setups
group and call it 'Ensemble’. Under the
'Ensemble’ group, register the Mike Hydro
model located at the
..\ScenarioExp\Data\Ensemble\Ensemble
_model folder (For details on registering a

model see model registration section).

: Scenarios

=i Models and Scenarios
i Comparison Configuration
E|L Madel Setups

2- Open the model data view. The model
is a simple model consisting of a
catchment, a reservoir and a water user

that extracts water from the reservoir.

"W Ensemble_Model - Reservoirlode
£ Ensemble_Model - WaterUserhode
" Ensemble_Model - Riverhode
—E ble_Model - C

— Ensemble_Model - Branch

] Ensemble_Model - Catchment

Aakm ®
5 mi

3- Rename the Ensemble model scenario

to '‘Baseline scenario'.

: Scenarios

=i Models and Scenarios
i Comparison Configuration
E|--i Maodel Setups

=-jg Ensemble
=-fill Ensemble_Model

|":'|-¢ Baseline scenario ]

4- Add the following variables to the

'‘Baseline scenario':

Catchment:
Specific runoff - input TS

Reservoir:

Ensemble_Model = Catchment = C1{Catchmentl) =

MName

@ MName

# [dentifier

® Awea

® GroundWaterModel
# RainfallRunoffiModel

Plot {new chart)

Plot (existing chart)
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Water level — output TS

Run the 'Baseline scenario' and take a
look at some of the results.

Rename the simulation to Baseline

5- Clone 'Baseline scenario' and Rename
the clone to 'Ensemble scenario', and

open the scenario view.

: Scenarios

E.i Madel Setu

e

Ela Madels and Scenarias
E{.i Comparison Configuration

E.i Ensemble
=-jill Ersemble_Model

ps

Baszeline scenario
& Baszeline

5- Import the 'Runoff.dfs0' file from the
..\ScenarioExp\Data\Ensemble folder into
the 'Time Series' manager as an
ensemble (See 'Time Series' manager
training module for details). Call the
ensemble 'CatchmentRunoffEnsemble' —
Explore the data. This ensemble has 10

members

: Time series

EIIT"! Database
-l D55 Train

ing
5

- Ensemble

@ Catch

mentRunnffEnsemble]

6- Browse to the Specific runoff input time
series in the model object explorer.

Ensemble scenaro > Catchment = C1{Catchment1) =

MName

|+ DHI_Catchment_Tot

alRuncffT5.dfsl - 1 - Specific runoff

7-Drag the 'CatchmentRunoffEnsemble’
time series from the time series explorer

to the model object variable as shown.

An ensemble time series has now been
associated to the variable, and hence the

scenario becomes an ensemble scenario.

: Time series

4 Start Page |<¢ Ensemble scenario

=g Database

[+ DSS Training
Ensembles
[# catchmentRunoffEnsemble
[# station B - Air temperatyre |
B station A - Air temperatule [
[## Discharge ensemble
E# Discharge Ensemble folde
L Station A - Air temperature
L Station B - Air temperature
[ il Models and Scenarios
G- Mew group

| E—
kO @QIE

¢ Ensemble Model - ReservoirNode ~

"W Ensemble_Model - Reservoirtode
By Ensemble_Model - WaterUserhode
e Ensemble_Model - RiverNode

= Ensemble_Model - Connection

— Ensemble_Model - Branch

] Ensemble_Model - Catchment

Ensemble scenario » Catchment > C1(Catchmertl} =

lame

DHI_Catchment_TotalRunoffTS.dfs0 - 1 - Specific runoff
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8- Run a simulation of the Ensemble

scenario.

ke
=
=
o
3
2

the drag and drop method describe above can be used to replace the scenario
input with any other compatible TS (i.e. not limited to ensembles).

: Scenarios

Bl

E‘E Madels and Scenarios

- Ensemble
£l Ersemble_Mad

G- Gro Open
i Gro Add op
G- Link

|¢_.‘-_ Opt Check out...

i Comparison Configuration
- Model Setups

= -Q Baseline scenario
i i dF Baseline

Run simulation 3

el

timizer

9- open the simulation view or the Time

Series explorer

Browse to the Reservoir Water level
variable, and double click it to create a

plot.

Notice that the water level is now plotted
as an ensemble (i.e. dashed line, showing

the ensemble mean).

Select the series in the chart legend and
click the button in the toolbar to get
the range displayed.

Water Lewvel [m]

543
542 5
542
54154

54054
540
53854
539

Legend
=== Rd[water level

11171981 41 n 101

1111982

Water Lewvel [m]

543
542 5
542+
541.5
5414
540.5
540+
5385

539

Legend
=== Rdlwater level
Rélwater level (Range)

111981 41 m ion

1111982

Water Level [m]

5434
542 5+
5424
5415+

540.5
5404
539.5+

539

Legend

=== R4|Water level
Ré|\iater level (Range)
I R4|\water level (StdDev)

11141981 41 7n 101

1/111982
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Select the series in the chart legend and
click the @ button in the toolbar to get
the standard deviation displayed.

Review Questions

1. If two variables in a scenario have 5 and 7 ensemble members respectively.
This scenario will run in the DSS
. 5 times
o 7 times

2. Explain how indicators are calculated for an Ensemble run?
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Answers

1. 5times

2. Mean indicator values are calculated for an Ensemble run.
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2.9. Optimization
Introduction

This lesson introduces you to the concepts of optimization and describes using the
optimizer that is included in the Scenario Manager. If you are familiar with those

concepts and know how the DSS optimizer can be used you may skip this lesson.

Topics covered:
e Introduction to optimization including definition and problem types
e Steps to Setup and use the DSS optimizer
Learning Objectives:
After completing this lesson, you will be familiar with the concepts of optimization

and the process of setting up and running the DSS optimizer.
Lesson pre-requisites

You have to be familiar with the model registration and scenario management,

configuration and simulation to take this lesson.

What is optimization?

Optimization is an important tool in making decisions and in analyzing physical
systems. In mathematical terms, an optimization problem is the problem of finding

the best solution from among the set of all feasible solutions.

In the simplest case, an optimization problem consists of maximizing or minimizing a
real function by systematically choosing input values from within an allowed set and
computing the value of this function. More generally, optimization includes finding
‘best available’ values of some objective function given a defined domain (or a set of

constraints.
Optimization problem Types

An important step in the optimization process is classifying your optimization model
(or problem), since a particular algorithm for solving optimization problems is tailored

to a particular type of problem. The various optimization problem types are:

Page 88



Scenario Manager

e  Continuous Optimization versus Discrete Optimization
Some models only make sense if the variables take on values from a discrete
set, often a subset of integers, whereas other models contain variables that can
take on any real value. Models with discrete variables are discrete optimization
problems; models with continuous variables are continuous optimization
problems. Continuous optimization problems tend to be easier to solve than
discrete optimization problems; the smoothness of the functions means that the
objective function and constraint function values at a point x can be used to
deduce information about points in the neighborhood of x. However,
improvements in algorithms coupled with advancements in computing technology
have dramatically increased the size and complexity of discrete optimization
problems that can be solved efficiently. Continuous optimization algorithms are
important in discrete optimization because many discrete optimization algorithms
generate a sequence of continuous sub-problems.

e Unconstrained Optimization versus Constrained Optimization
Another important distinction is between problems in which there are no
constraints on the variables and problems in which there are constraints on the
variables. Unconstrained optimization problems arise directly in many practical
applications; they also arise in the reformulation of constrained optimization
problems in which the constraints are replaced by a penalty term in the objective
function. Constrained optimization problems arise from applications in which
there are explicit (e.g. physical) constraints on the variables. The constraints on
the variables can vary widely from simple bounds to systems of equalities and
inequalities that model complex relationships among the variables. Constrained
optimization problems can be further classified according to the nature of the
constraints (e.g., linear, nonlinear, convex) and the smoothness of the functions
(e.g., differentiable or non-differentiable).

e None, One or Many Objectives
Most optimization problems have a single objective function. There are
interesting cases when optimization problems have no objective function or
multiple objective functions. Feasibility problems are problems in which the goal

is to find values for the variables that satisfy the constraints of a model with no
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particular objective to optimize. Complementarity problems are pervasive in
engineering and economics. The goal is to find a solution that satisfies the
complementarity conditions. Multi-objective optimization problems arise in many
fields, such as engineering, economics, and logistics, when optimal decisions
need to be taken in the presence of trade-offs between two or more conflicting
objectives. For example, developing a new component might involve minimizing
weight while maximizing strength or choosing a portfolio might involve
maximizing the expected return while minimizing the risk. In practice, problems
with multiple objectives are often reformulated as single objective problems by
either forming a weighted combination of the different objectives or by replacing
some of the objectives by constraints.

e  Deterministic Optimization versus Stochastic Optimization
In deterministic optimization, it is assumed that the data for the given problem are
known accurately. However, for many actual problems, the data cannot be
known accurately for a variety of reasons. The first reason is due to simple
measurement error. The second and more fundamental reason is that some data
represent information about the future (e. g., product demand or price for a future
time period) and simply cannot be known with certainty. In optimization under
uncertainty, or stochastic optimization, the uncertainty is incorporated into the
model. Robust optimization techniques can be used when the parameters are
known only within certain bounds; the goal is to find a solution that is feasible for
all data and optimal in some sense. Stochastic programming models take
advantage of the fact that probability distributions governing the data are known
or can be estimated; the goal is to find some policy that is feasible for all (or
almost all) the possible data instances and optimizes the expected performance

of the model.
Using the DSS optimizer

The Scenario Manager includes an optimizer. The optimizer can assist the user
in optimizing, for example, reservoir operation. To illustrate the use of the

optimizer in the DSS, A MIKE Hydro model that is relatively easy to understand
and also quick to execute will be used but the concepts and methods presented

here can be applied to more complex model setups.
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As shown in the figure below, the model consists of a reach which is fed by a
catchment. A reservoir is located downstream the catchment . One water user
extracts water from the reservoir. The simulation period is one year, and all
inputs and outputs are given on a monthly time step. The inflow to the reservoir
varies over the year, from 100 m?/s in the wet period to zero in the dry period.
The initial water demand of the connected water user is small compared to the
inflow, which means that the reservoir quickly fills up, and starts to spill. The goal
of the optimization for this simple example is to maximize the demand of the
water user, given that deficits shall not be allowed and given that the water
demand must remain constant on a quarterly basis, and hence cannot vary freely
from month to month. This is done to simplify the problem — but it can be left to

vary freely.

Catchment

@vnir

Water demand

Figure 7: Mike hydro model

Optimization objectives
The first step in any optimization exercise is to identify the objectives. In this case, it is
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an objective to maximize the water demand for the water user. At the same time, we
want to minimize the water demand deficit. These are called competing objectives, but
used together to ensure that the algorithm will search for the maximum demand that can

actually be fulfilled.

Decision variables
Decision variables are those model input parameters that will be varied by the optimizer

algorithm in the search for an optimum. In this example, the optimizer will need to vary
the water demand, which is given as 12 monthly values in MIKE Hydro. However, due to
the constraint that the demand must remain constant on a quarterly basis, we will only
vary the value of the first month in each quarter, and then specify that this value shall be
used in the following two months. For each decision variable, a valid range is specified,
and the optimizer will only vary the variables inside this range. For the water demand,
the lower bound is zero (no negative demands). For the upper limit the bound could be
due to a physical limitation in the distribution network, but since such restrictions are
often built into the model, it could also be a number sufficiently high not to interfere with

the search.

Constraints
As explained above, optimization problems can be constrained or unconstrained. If the

problem is constrained then solution of the optimization problem that be within those
constrained. In the DSS, constraints can be defined for model object variables. For each
constraint, upper and lower bounds need to be specified. The case that is described
requires no constraints to be defined as it is constrained by the competing objectives

functions as explained above.

Quantification of objectives — Model indicators
In the optimizer, objective functions are expressed through the use of so-called model

indicators. Expressing the objectives described above in terms of indicators will be

addressed in this exercise as well.

Optimization algorithms
The DSS Optimizer includes both single-objective algorithms and multi-objective

algorithms. Multi-objective algorithms calculate a set of optimal solutions whereas single-

objective algorithms calculate only one optimal solution.
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In this example, we have two competing objectives (minimize demand deficit, maximize
water demand). A single-objective algorithm will aggregate the value of the two objective
functions into a single number:

0bjagg = W1*0bj; + wo*obj,
and the aggregated objective function is then subject to optimization. We have to choose
the weights w1 and w, before starting the optimization and the optimization algorithm will
then narrow its search to minimize the aggregated objective function. Another choice of

weights may lead to another solution.

In multi-objective algorithms no a priori choice of weights is made and the magnitude of
the objective functions relative to each other does not affect the final set of optimal
solutions. This gives us the possibility of choosing the weights after the execution of the
optimization, and then selecting a point that has the lowest values of the aggregated
objective function. This way the effect of choosing different weights can also be
investigated. The downside of the multi-objective methods is that the search for the
entire Pareto front is computationally more expensive than the “specialized” search

carried out by single-objective algorithms.

Table 1 gives an overview of the optimization algorithms that has been implemented in
the DSS. The Monte Carlo method has been coded so it points out the solution that has
the lowest value of the aggregated objective function when all model simulations have
been run. But as the values of the optimization variables are chosen at random (the
value of the objective function is not used to “guide” the choice) it can be considered as

a multi-objective algorithm, where the entire parameter space is investigated.

Table 1- Algorithms available in the DSS

Algorithms Single-objective Multi-objective
SCE X

Simplex X

DDS X

NSGA-II X
Monte Carlo (X)

In the next exercise, using the optimizer is illustrated.
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Exercises

Setting up the optimizer
<objectives/brief description>

1- Create a new group under model  Scenarios

setup and call it 'Optimization model'. =1 Models and Scenarios
i Comparison Configuration

Ei Maodel Setups
i Mwoja
"-— Group of My base model

G+ Group of My future model
G- i Linked models

28— | Optimization modsl

2- Register the Mike Hydro model
located at

.\ScenarioExp\Data\Optimization\Opti
-l Reservoir optimization model
mization_model under the 'Optimization ..mg Scenario of Reservoir optimization model

model' group. Call the model setup

'Reservoir optimization model'.

3- Include all the model input variables that will be varied by the optimizer and the output
variables that will be used to calculate the indicators used in the objective functions. This
includes the following input:

- Water Demand for the water user node

%4 OHI MbWaterlUserNodes WaterUseTS.dfsD - 1 - Water derand Input Tir
L D Include in scenaric # || Scenario of Reservoir optimization model
.ﬁkm [ U e

and the following outputs:
- Water demand deficit for the water user node

a a d

ﬁWﬂUsed water i Include in scenario + || Scenario of Reserveir optimization model I
L

- Used water for the water user

Cutput Timeseries

Include in scenario [ Scenario of Reservoir optimization model

Met flow to node Chutnut Timesenes

- Relative water level for the reservoir

Cutput Timeseries
Il Scenario of Reservoir optimization model

i P i v

&% RA|Relative water level
@ R4|Relative storage

pAln vl Y

Include in scenario

4- The Optimizer uses model indicators to express the objective functions, and the value
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of an objective function shall be calculated as the sum of one or more model indicators.
Hence, the first step will be to define the scripts that shall be used as model indicators.
In this example we need two indicator scripts.

The first script shall return the average value of a time series. When provided with a time
series of water demand deficit as input, this script will return the average water demand
deficit. This value shall be minimized by the optimizer.

The second script shall be used to express the difference between a maximum allowed
water use, and the actual water use. This value shall be minimized by the optimizer to
maximize the amount of used water.

Open the script manager, and add the two scripts below (See 'Script' manager training

module for details).

5- Create a script that calculates the average of an input time series, and return the result.
An example is given to the right.

This script will be used for defining an indicator that expresses the Water demand deficit.
Lg"
—|def TimeseriesAverage(ts):
<Script>
<Authorradmin</Author>
<Description>Please enter =script description here</Description>
<Farameters>
<Parameter name="ts3" type="IDataSeries">Parameter of IDataSeries</Parameter>
</Parameters:
<ReturnValue type="double">Function returns the average of the ts</ReturnValuel
</Script>

wen

return ts.S5tatistics.RAverage

EaSSe

6- A general script that subtracts the average of an input time series from a constant and
returns the result is given to the right.
This script will be used for defining an indicator that measures the difference between

Used water and a target (the constant).

—|def ConstantMimnmsAverage (constant, ts):
TR Y
<Script>
<huthorradmin</Iuthor>
<Description>Please enter script description here</Descriptionl
<Farameters>
<Parameter name="constant" type="double">The constant</Parameter>
<Parameter name="ts" type="IDataSeries">»Parameter of type IDataSeries</Parameter>
</Parameters>

<ReturnValue type="double">Function returns the difference between the time serie:s
</5cript>

FEFT Y

return constant - ts.5tatistics.Awverage

pPass;
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Next, the scripts has to be associated to model indicators, such that simulation outputs
can be used as inputs and the result of the scripts can be reported back as model
indicator values.

This will ensure that each time a simulation is executed, the simulation inputs and outputs
will be used to calculate the necessary indicators (which can later be used in the

calculation of objective functions).

7- Enable the indicators for the 'Reservoir optimization model' and add the following two

indicators:

'—:-i Optimization madel

R esenoirop ization model]

------ -Q Scenario of Reservoirog Open

Cpen in native model tool
MNew scenario

Enable indicators

Clone

- A Model indicator that measures the demand deficit, by calculating the average over the
simulation period. Note that the Value type of the input time series shall be defined as
'‘Model reference' and it should come from the model setup time series (See Indicator

Manager training module for details).

Indicator details H ®

Mame Water node deficit

Description

Script  /Optimization/TimeseriesAverage
Parameters | pame Description Type Value type Value

Parameter of IDataSeries | IDataSeries Model refere.. = | o/W5 (WaterUser5)/W5|Relative deficit

- A model indicator that indicates the amount of used water shall be added. It uses the
‘ConstantMinusAverage' script in the Script Explorer. Note that the Value type of the input
time series shall be defined as 'Model reference' and it should come from the model setup

time series. Set the constant to 100.

Indicator details 4 ®

Name Water node use

Description

Script  /Optimization/ConstantMinusAverage

Parameters | pame Description Type Value type Value
constent | The constant double Value - |100
ts Parameter of typeIDat... |IDataSeries (LN - | o/WS5 (WaterUserS)/W5|Used water

8- Run the scenario and check the indicator values with the values shown below.
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c2 + Simulation of Scenario of Reservoir optimization model at 2014-08-03 16:12:59

C

D E |

1 |Simulation

Simulation of Scenario of Reservoir
optimization model at 2014-08-03
2 |16:12:59

3

Water node Deficit User water at node

0 99.5

9- To enable optimization functionality
for a scenario, right click the scenario
and select “Add optimizer”

The optimizer gets added as a sub-
node to the clicked scenario. Accept

the default name for now.

= Optimization madel
E|- Reservair optimization model
Elg' Indicator Definitions

...... Indicator Values

E|-Q Scenario of Reservoir optimization mock

...... OFIEH i

Add cptimizer

——
,-':-|..i Cptimization model
r:":- Reservoir optimization model
£-§ Indicator Definitions

L Indicator Values
Ei-¢ Scenario of Reservair optimization model

- QEIET «

------ f Simulationof Scenario of Reservairap

10- Double-click the optimizer node to open the optimizer configuration view.

Select the “Decision variables” tab (default when optimizer configuration is opened).

Initially, the list of decision variables list is empty, and the first step will be to associate

decision variables with the optimizer.
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i

Decision Variables

Model object Varisble Type

Decision variables details

Name Time Step Type UselnitialValue Initial Value Lower Bound Upper Bound Equation

Constraints Script

Decision variables I Constraints | Optimizer configuration

11- To associate decision variables with the optimizer, open the Scenario view by double-
clicking on the ' Scenario of Reservoir optimization model' item.

optimizer node.

washon medd (@ Usimos | 48 Scenarisof Reservok aptimiation model CEEET
A : P

on

%8 Fesariiss cpiruzsbion model - Frem

= Fservo cpmeziion medsl - Consectioe
Femservo cpsimzaton meskl - Brarch

] Fimsarvoir opsimization model - Calchrman!

-
.
S =
y Type Vahe
154 Ol atertserNodes WabertiseTS.dts) - 1 - Water demand Inpat Tumessnes Detrtion Timesanes: DHL MbWaterlserNodes WaterUsel 50850 - 1 - Wates d
JrasiNames demand defict Outpun Timeseries Defirition  No Timesenes found
e ot Ot Tirgpaion Difsition o TiensouiekFoind

[ scerurion [B Scrpm

Page 98




Scenario Manager

id

12- Go back to the optimizer

WModel object Varisble Type

configuration. The Water Demand
variable is now shown in the Decision
variables list. For time series the
decision variable lists will be a list of

Decision variables details

time steps / values in the selected time :‘
series. The selected series contains 12 | [ o = o
tme steps, and the optimizercan |5 mEEE P
access each of them during an - R R
optimization. Initially, they will however 7
all be of Type Fixed. Fixed variables
will not be adjusted by the optimizer

Decision verisbies |EnE IO
13- The next steps set up a quarterly
variation of the water demand.

A Start Page [{©) Optimizer 1 | .l

The steps are: d

Decision Variables

- Select the row named D1_1 in the

DHI MbWa odes Wate dfsD ater demand es

decision variable details table

(January).

Decision variables details

. Initial L U
_ Set Type tO uvarlablen from drop_ Name Time Step Type UselnitialValue o0 o s Equation
D11 1/1/1981 12:0... [Variable 05
D12 2/1/19811240... | Dependent lal 05 0 0 D11
d OWﬂ m en U . D13 3/1/1981 12:0... | Dependent ] 0.5 0 0 D11
D14 4/1/198112:0... Variable &l 05 0 100
e D15 5/1/1981120... Dependent ] 05 0 0 D14
- In the COIumn UselnitialValue Set the D16 6/1/188112:0... Dependent s 05 0 0 D14
D17 T/1/188112:0... Variable ] 05 0 100
- D138 8/1/198112:0... Dependent ] 05 0 0 D17
CheCk mark D19 9/1/1981120... Dependent E 05 0 0 D17
D110 10/1/198112:... Variable E] 05 0 100
D111 11/1/198112:.. Dependent ] 05 0 0 D110
-Inthe column | UpperBound  Jenter | |7 JUC0 XD o o o o an

“100”. We will not allow demands
higher than 100.

- Set the two month following January
to Dependant to tie them to the
variable month.

- Write D1_1 in the Equation field. This
indicates that the value of D1_1 shall
be used for D1_2 and D1_3.

- Repeat the steps above for D1_4
(April), D1_7 (July), D_10 (October)
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and change the two month following
each one to dependant.
The Optimizer will only vary four

variables between 0 and 100.

Do not forget to save the optimizer
setup frequently by clicking the save

button.

Now that the decision variables have been configured, the optimizer knows which

parameters that shall be adjusted during an optimization.

Next step is to tell the optimizer how to evaluate the 'goodness’ of a change. This is done

by adding objective functions under the Optimizer configuration tab.

14- To add a new objective function,
click the Optimizer configuration tab.

- Click “Add obijective function”, and
select the row in the objective functions
list. The default properties of the new
objective function are shown in the
table.

- Select the objective function in the
list. Its properties can now be
configured in the property grid. Set the
Name property to 'Used Water —
average'

The Objective type property is to
minimize and theWeight property shall
remain unchanged at the default value
("17)

Keep the default for the 'Aggregation’

property as well (SumValues')

| Objective functions
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15- Since objective functions are
basically expressed as a sum of
indicators, next step is to associate one
or more indicators to the objective
function.

Select the Used water — average
objective function in the Objective
functions table

- Click Add objective function detail. A
row is added to the Objective functions
detail table

- Select the new row. It can now be
configured in the property grid.
Choose the 'Water node use' indicator
from the drop-down menu at the
Indicator name property.

Object

ive function details

Name

Description

16- Repeat the steps above to add a
second objective function.

The name of the objective function
shall be 'Water deficit'.

Associate the 'Water node deficit'
model indicator with the new objective

function.

Now that the optimizer knows which
variables that shall be adjusted, and
knows how to evaluate the goodness
of a change

Objective functions

Name

Used Water - averzge

Weight Aggregation
1 SumValues D

Objex

tive function details

Name,|

20- In the Optimization algorithm table
choose “Monte Carlo” from the drop-
down menu.

The configuration parameters for the
Monte Carlo method are shown in the
property grid. The only available

Optimization algorithm

Name

Desaription

MonteCarlo - Monte Carlo simulation. Tatally random choice of input parameters for each simulation.
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parameter is “Seed” (for the random
number generator). Use the default

value.

Below the Algorithm parameters, the
Stop criteria parameters are shown.
Expand the list by clicking the |[...]

button. This will expand the list of stop
criteria. Select a criterion to the left to
configure its properties to the right.
For now, leave the default values

unchanged.

: Properties Ofx

MonteCarlo -

B3

4 Algorithm parameters
Seed 1879

4_Stop Eria
‘ List of stop criteria

{Collection) (]

StopCriterion¥mi Collection

Members:

Maximum number of model realizations proper. ..
24l | B

| 4 Stop Criteria i

MaxNoCOfRealiza 200 |

[l] Maximum number of model realiz|
1| ObjectiveFunctionTarget

22- Finally, save the configuration by

clicking the @ button in the tools bar.

The optimizer can now be executed.

23- Before running the optimizer,
rename it to ‘Monte Carlo'.

To run the optimizer, right-click on the
‘Monte Carlo' item and select Run
Optimization.

- Optimization model
=l Reservoiroptimization model
2@ Indicator Definitiors
: il Indicator Values
|‘:'|-¢ Scenario of Reservoir optimization model

: o I
. /8 optin
" sensi| Run optimization

------ Simulatig TET : m
# Run sensitivity analysis

Open

Clone
[elete

Rename

Page 102




Scenario Manager

b

MIKE CUSTOMISED System Exception

Run Optimization failed.

Additional information:

i ABNORMAL TERMINATION OF OPTIMIZATION:
OverwriteInput call to adapter failedOptimization could not set mode! input
{DHI Solutions. ScenarioManager  Business)

5 Overwritelnput call to adapter failedOptimization could not set model input
(DHL.Solutions, Optimization, DHIOptimization)

Ly Overwritelnput call to adapter failed (DHI.Solutions.ScenarioManager.Business)

~» Dedsion variable with IDs: ModelObjectAdapterReference =
2bda59d9-43cf-45a7-87e58-06c820626626, ObjectPath =
d53139fb-b26f-49e6-8d51-a5ac1169373¢ cannot be located in MIKEBasin engine.
MIKEHydro adapter cannot create decision variable.
(DHL. Solutions., Adapters. MIKEHydro)

i, Dedsion variable with IDs: ModelObjectAdapterReference =
2bda59dg-43cf-45a7-87e8-06082c6 266226, ObjectPath =
d53139fb-b26f-49e6-8d 5 1-a5ac 1169373 cannat be located in MIKEBasin engine.
{DHL. Solutions. Adapters. MIKEHydro)

~» Object reference not set to an instance of an object.
(DHI.Solutions. Adapters. MIKEHydro)

Managing optimization setups

1- Management of optimization setups is
done by selecting the setup and right click
the mouse. This display the menu shown

next.

@) Optimizer

Optin Open

Sensii

""" = Run optimization

Run sensitivity analysis

Clone
Delete

Fename

2- Optimization setups can be cloned,
deleted or renamed. This is done in similar
way to that explained for model setups
(See the Model setup Management section

for details)

Review Questions

True

False

True

False

What are the available optimization algorithms in the DSS.
Only single objective function problems can be optimized in the DSS

Constraints cannot be defined as part of the DSS optimizer.
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Answers

1. Optimization algorithms in the DSS are list below

e SCE
e Simplex
e DDS
o NSGA-II

¢ Monte Carlo

2. False (both single and multi objective function problems can be optimized in the
DSS.

3. False (Constraints can be defined as part of the DSS optimizer)
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