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1 Introduction

1.1 Background

Definition: ‘Models describing the (autonomic) behaviour and states of agents,
objects or individuals’

Agent Based Modelling, in short ABM (or synonymously ‘Individual Based Modelling’,
IBM) is a relatively recent development. As Grimm and Railsback® point out, ‘classical
theoretical ecology...usually ignores individuals and their adaptive behaviour’.

Ecosystems are commonly seen from a process based view, following the fate of masses
or concentrations in the system. Such process orientated modelling is done by describing
the flow between different components and the associated process. It is a well-
established and proven method and usually the first choice if you want to simulate
dissolved substances e.g. oxygen concentrations, BOD levels, pollutants or phyto- or
zooplankton distributions on a larger scale.

Many phenomena, however, cannot be described satisfactory using such process
orientated models. For example it is well known that plankton organisms that are subject
to passive transport by the water currents may show an explicit diel or diurnal? vertical
migration through the water column. In the ocean this vertical migration can span over
several 100 m’s. By feeding at the surface and defecating large pellets in deeper zones
plankton organism can influence the transport of organic matter to deeper layers. If the
flow patterns are different throughout the water column such movement will also affect the
species distribution. ABMs can be used to describe and investigate such patterns by
reproducing the observed movement of individuals (agents) and the resulting changes to
the system.

The MIKE ECO Lab ABM module allows you to easily formulate agent based models
within the MIKE FM series of hydrodynamic environments of the MIKE Powered by DHI
framework. It combines the normal, process orientated MIKE ECO Lab framework with a
Lagrange particle movement model.

It is assumed that the reader is familiar with ‘classic’ process orientated modelling in MIKE
ECO Lab in the following text. In doubt consult the other MIKE ECO Lab manuals.

1.2  Objective

The objective of this Step-by-Step guide is to introduce the user to ABM modelling
techniques in MIKE ECO Lab and the various features/elements of an ABM template. A
series of examples are available; each designed to introduce the user to special features
of the modelling engine. A general understanding and experience with MIKE ECO Lab
and the MIKE FM series is expected. In doubt, consult the according manuals.

1 V. Grimm, S.F. Railsback; ‘Individual-based Modeling and Ecology’, Princeton University Press 2005

Many plankton organisms migrate to feed in the euphotic zone near the surface and rest in the mesopelagic zone
(or the hypolimnion in freshwater lakes) during a day cycle.

The expert in WATER ENVIRONMENTS 1
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The single examples are not directly related to each other but it is assumed that a user is
familiar with features introduced in previous chapters.

1.3 ABM Examples

The ABM Step-by-Step guide consists of a set of different examples for Agent based
modelling with MIKE ECO Lab, demonstrating various features of the MIKE ECO Lab
ABM Lab module. It is advised to explore them in the order listed below. Each example
introduces new features and options and assumes that the reader is familiar with the
previous ones.

The following examples are available.

Example Description

Passive Drifter General introduction, comparing a standard particle tracking with
a basic ABM template of a passive drifting agent

Vertical Movement A pelagic plankton organism moving vertically in the water
column triggered by local light intensity

Active Swimmer Active swimming agents in a tank, avoiding collisions with the
tank wall
The Swarm Active swimming agents forming a basic swarm

A description of the first example ‘Passive Drifter’ can be found in Section 2.

2 ABM Lab - Drifter Example - © DHI
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2 Passive Dirifter

2.1 Purpose

This example introduces the basic agent template. It creates a passive drifting agent class
that is transported solely by the current. It has been designed to compare the results of
the standard particle tracking module with a passive drifting ABM particle class. It
demonstrates a very simple ABM model; nevertheless this simple passive drifting class
demonstrates how to distribute an ABM particle class according to the environmental flow
and this general movement is the base for almost all ABM patrticle classes.

Topics:

. Basic ABM features

. ABM state variables

. Movement vectors

*  (Moving) point source

2.2 Files

The described example consists of the following files:

File Description

Corner.mesh Mesh file containing the environment definition
(bathymetry, land, etc.)

Corner2D_HD.m21fm Basic hydrodynamic setup for MIKE 21 FM

PassiveDrifter.ecolab The final template for the described ‘Passive Drifter’
ABM particle class

Source_Location.dfsO A time series with coordinates for the moving source
coordinate definition

Compare_Corner_PT_ABM.m21fm The final MIKE FM setup to compare the ABM and
Compare_Corner_PT_ABM.m3fm classic particle tracking

The expert in WATER ENVIRONMENTS 3
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2.3 Scenario

We want to follow the drift of individuals of a passive drifting ABM patrticle class. The
model uses the same L-shaped channel with a constant depth as the introduction
example in the particle tracking. The computational domain is shown in Figure 2.1.

. The channel is about 500 wide, with 1 km stretch on either side of the corner. The
bottom is 20 m below datum.

*  The flow goes from south to west with a current of approximately 0.8 m/s caused by
a water level difference of 0.05 m between the open boundaries.

«  Particles are released by a moving point source starting at the position (1250, 200),
moving towards (1400, 200) at a depth of -5.04 m.
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Figure 2.1 Model domain for the comparison of standard particle tracking and a passive drifting
ABM patrticle class
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2.4 Parameters

This section describes the main conditions defining the hydrodynamic problem.

2.4.1 Hydrodynamic parameters

*  Anunstructured mesh with 778 elements and 443 nodes is used. An overall time
step of 60 seconds is selected, and the duration of the simulation is 3 hours (180
time steps in total).

*  The horizontal eddy viscosity type has been chosen to Smagorinsky formulation with
a constant value of 0.28.

*  The bed resistance type has been defined by a constant Manning number of 32
[m1/3/s].

. Initially the water surface level is 0.0 [m] in the entire domain.

. The upstream (south) boundary is defined by a constant water level of 0.05 [m]
above datum. The soft start for this boundary is defined as by a sinus variation with a
time interval of 900 s. The west boundary is defined by a constant water level held at
datum (0 [m]).

2.4.2 Sources

We will use the same parameters as the ones in the particle tracking example. The
release point will initially be located at (1250, 200, -5.04) and move to (1400, 200, -5.04)
during the simulation.

2.4.3 Outputs

There will be an area and a track output for both the PT and the MIKE ECO Lab module.
You might check the Particle Tracking User Guide for further details.

The expert in WATER ENVIRONMENTS 5
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2.5 Creating the Particle Class ‘Passive Drifter’

We will create a simple class to define a basic passive drifting particle class. Create a
new, empty MIKE ECO Lab template (Figure 2.2):

Either use the menu ‘File’>‘New’ or the ‘new item’ button on the upper left (1). This will
open the new file dialogue of MzShell. Here navigate to the MIKE Zero category and
select ‘MIKE ECO Lab’ (2) as file type and press OK (3).

=3 MIKE Zero
File View Window Help
] ERY
=% New File (=]
Product Types:
'] MIKE Zero A
= MIKE HYDRO ‘ ‘ ‘ -
=1 MIKE 11 Time Series  Profile Series  Data Manager  Grid Series  Plot Composer
= MIKE2A (.dfs0) (.dfs1) (.dfsu,.mes... (.dfs3,.dfs2) (.plc)
I MIKE3
I3 MIKE 21/3 Integrated Models A A
=3 LITPACK y - . . .
I MIKE FLOOD Result Viewer  Bathymetries Climate Ecolab Auto
[=31 MIKE SHE (rev) (.batsf) Chan... (.ecolab) Calibrati...
e & & @
EVA Editor Mesh Data MIKE Zero
(.eva) Genera...  Extraction... Toolbox (mzt)
Time Series

Figure 2.2  Create a new MIKE ECO Lab template by selecting the New File item icon (1),
choose ‘MIKE ECO Lab’ (2) and press OK (3)

This will open a new, empty template in the MIKE ECO Lab template editor (see Figure
2.3). The editor window contains three major panes. On the left side a tree like navigation
structure shows all currently defined elements. The right side shows a details pane for the
currently active element. On the bottom pane messages like error messages and

warnings will be listed.

ABM Lab - Drifter Example - © DHI
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7/ Ecolabl - Modified = <

- ECOLab Setup details pane
[=-ECOLab Setup
- Miscellaneous General | Overview

‘- State Variables

E---Consiﬁnts Description A partide dass for a passive drifting angent]
Forcing - 1
é---Auiniaries Online help
i~Processes Documentation E]
;---Deriued Qutputs
i-Partide Classes General overview
State variables 0
. . Constants 0
navigation
pane Forcings 0
Auilary variables 1]
Processes o]
Derived ouputs 0
Partide dasses 0

Enable miscellaneous features
Enable particle dass/species

message/ nofifier
pane

Item Error message

Figure 2.3 A new, empty MIKE ECO Lab template in the template editor. Provide a proper
description (1) and enable the ABM features (2).

When you create a new template the general information page will be active and you can
provide a short description (1) and links to more detailed documentation for the current
template. If you want to define an ABM template enable the appropriate checkbox (2).
This will add the ‘Particle Classes’ to the navigation tree. It is a good idea to save the new
template as ‘PassiveDrifter’.

2.5.1 Adding elements to address the flow information

Most ABM templates will need to address the flow field to move agents with the currents.
The flow information is part of the Eulerian framework and is usually declared as a
forcing. To create a new forcing use the context menu (right mouse button) in the left
navigation pane inside the node labelled ‘Forcing’ and select ‘Create new’. This will add a
new forcing and open the details page for the new created element. Name it ‘HSpeed’
and provide information for description and the online help. To query the flow field from
the hydrodynamic model select the built-in ID ‘HORIZONTAL_CURRENT_SPEED’ from
the list of available built-in forcing. By selecting a built-in ID all necessary information for
the other fields is set automatically. See Figure 2.4.
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5| PassiveDrifter.ecolab

Minimum value
Maximum value

Referenced in

- HSpeed
[=-ECOLab Setup -
- Miscellaneous S HSpeed i
- State Variables Description horizontal current speed from hydrodynamic model -
- Constants
[=]-Fording it
“-Hspeed
- Auxiliaries Online help harizontal current speed
- Processes
- Derived Outputs Documentation D
--Partide Classes
Scope NOT_SPECIFIED
Spatial var. [NONE v]
User spedified | ygg b
Built in ID [USE, e .]
User defined -
ETalgEs BED_AREA_OF_GRIDCEL —
) BED_SHEAR_STRESS
Unit CHEZY_NO
DISSIPATION_TURBULENT _KIMETIC_EMERGY
Default value  FLOODED_AREA_OF _GRIDCEL

HEAT_FLUX_WATER _ATMOSPHERE
HORISONTAL_CURRENT DIRECTION
HORISONTAL CURRENT SPEED

HORISONTAL EDDY VISCOSL

HORISONTAL_GRID_CELL_FLUX i
HORIZONTAL_DISPERSION i
M11ICE_BORDER_ICE_WIDTH_VLIM_PROGR

m

Itemn Error message

M11ICE_BORDER_ICE_WIDTH_VLIM_RETREAT
M11ICE_KAPPA_DYNAMIC_PROGRESSION
M11ICE_LEADING _EDGE_AT_MEXT_SECTION
M11ICE_LOCAL_VELO_AT _EORDER_ICE_WIDTH | &
M11ICE_WATER_LEVEL _AT_FREEZELIP

MIKE_SHE_BASE_COMC_1

MIKE_SHE_BASE_COMNC_2

Figure 2.4 Adding forcing to read the hydrodynamic flow conditions

Create two more forcings called ‘HDir’ and ‘VSpeed’ and select:

. HORISONTAL_CURRENT_DIRECTION, and
VERTICAL_CURRENT_SPEED

According to Table 2.1 the information for the forcing will now be read from the
hydrodynamic setup and corresponds to the calculated hydrodynamic flow.

Table 2.1 Forcing names and built-in IDs used to read the hydrodynamic flow conditions

Symbol

Built-in ID

HSpeed

HORISONTAL_CURRENT_SPEED

HDir

HORISONTAL_CURRENT_DIRECTION

VSpeed

VERTICAL_CURRENT_SPEED

ABM Lab - Drifter Example - © DHI
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2.5.2 Creating a new particle class

To create a new particle class activate the ‘Particle classes’ node in the navigation tree.
This will open the details page for the particle classes. As up to now no particle class
have been declared the page is empty.

The shown list is a generic element, available for all MIKE ECO Lab element categories.
Elements in such a list can be added, removed (if not referenced) and moved up and
down with the buttons in the upper right side. On the upper left side a chronic navigation
toolbar allows you to quickly jump back and fore between already visited elements.
Compare Figure 2.5.

5 | PassiveDrifter.ecolab || == @

{ B~ Paricle Classes %dit, Remove, Up, Down

—-..__:__\\
[=-ECOLab Setup MNavi gatl an —
-Miscellaneous - r—E
\£ Chronic [¥

- State Variables
- Constants
[=-Faordng

i-HSpeed
~HDir Element list
-\Speed

- Auxiliaries

Mo. Symbol Description

- Processes
- Derived Outputs
- Partide Classes

Figure 2.5  Creating a new particle class using the ‘New’ button

Use the ‘New’ button to create a new particle class with the default name ‘Specie_1'.
Rename it to ‘PassiveDrifter’ by changing its symbol name on the overview page. A new
created particle class will not have any internal state variables, constants or arithmetic
expressions but it has always at least one horizontal movement vector and a downward
movement velocity definition.

7| PassiveDrifter.ecolab EI@
- PassiveDrifter
[=-ECOLab Setup

‘.-Miscellaneous Symbol PassiveDrifter|
~State Variables Description basic passive drifting ABM dass
~Constants
-Fordng Online help
- Auxiliaries

+-Processes Eoamgaikm E]

E---Derived Outputs
[)-Partide Classes
=) PassiveDrifter Field view 180
E---Smhe Variables
~Constants
-Restricted area search
i~ Arithmetic Expressions
Q-Horizomal Movement Constants 0
. “-Horizontal Vector 1
I Downward Movement
- Downward Velocity 1

Position projection 0

General overview

State variables 0

Spatial functions 0
Arithmetical expression 0
Horizontal vectors 1
Vertical vectors 1

Figure 2.6  New created particle class with no variables

The expert in WATER ENVIRONMENTS
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2.5.3 Creating class state variables

To be able to store some data like a particle mass and derive a concentration map from
the particle distribution we add a simple state variable to the particle class.

You can use either the context menu on the ‘State Variables’ node in the ‘Particle classes’
section, or the ‘New’ button in the particle state variable list to do so.

First, you have to provide a symbol/variable name. This name will be used to address the
value represented by the state variable in later MIKE ECO Lab expressions.

You should provide a good, catchy description text. This description will be used as
annotation in the result files/plots and to identify the variable in the setup interface!
Therefore it is good practise to repeat the symbol name together with a short description
here. Lengthy documentations should be placed in an external file, linked to the
‘documentation’ field.

Furthermore, you can specify a EUM type® from a list of predefined options. This will set
the item unit; if no proper predefined EUM type is available, select ‘User defined’ and
specify the unit manually. Please note that MIKE ECO Lab does not handle unit
conversions automatically — you have to ensure that any calculation is done with the
proper unit!

Do not forget to provide meaningful data for default, min and max values as this
information will be used to validate the input data!

Finally, your input should look like the input shown in Figure 2.7.

7| PassiveDrifterECOLAB [E=R[E=Rm=
e Mass
=1 ECOLab Setup bol

- Miscellaneous Bpmiz Mass

i-State Variables Description Particle Mass, a conservative state variable -

i~Constants

[ Fordng -

- Auxdiaries

- Processes Online help particle mass, a conservative state variable

i~Derived Outputs

[=l-Partide Classes Documentation E]

= P:assi\reDrif'ttlar Eum type [Mass v]
[=-State Variables

: Unit kg

i~Restricted area search Default value 10
Arithmetic Expressions
- Horizontal Movement

[+ Downward Movement Maximum value 100

Minimurm value 0

Referencedin  [yat used 1

Expression a

Figure 2.7  Create a simple conservative state variable for the particle class; make sure that the
process expression (rate of change) is ‘0’

3 EUM stands for ‘Engineering Unit Management’ and is the internal technique used for automatic unit conversion inside
the MIKE products.

10 ABM Lab - Drifter Example - © DHI
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2.5.4 Creating class constants

Now create a new constant. This constant will specify the settling velocity of our particle
class. Name it ‘settling_Vv’, set the unit to ‘m/s’. Specify ‘0’ as default value (no settling)
and allow a minimum of -10.0’ and a maximum of “10.0’. This will enable us to assign
positive and negative buoyancy to a particle. See Figure 2.8 for details.

5| PassiveDrifter.ecolab EI@
- setiling v
--ECOLab Setup
--Miscellaneous Symbol setting v]
- State Variables Description partide settling velodty -
- Constants
[=]-Fording -
i-HSpeed
-HDir Online help settiing velodty
i \Speed
- Auxiliaries Documentation E]
..-ProFesses Eum type Current Speed ,]
--Derived Outputs
[=1Partice Classes Unit m/s
[=-PassiveDrifter
Bt:?te Variables Default value i}
~Mass Minimum value ~ -10
[=-Constants
. settling_v Maximum value 10
-Restricted area search )
E---Ariihmeﬁc Expressions Referencedin  [Mot used !
[+-Horizontal Movement
[#-Downward Movement

Figure 2.8 Definition of a constant used as settling velocity

2.5.5 Movement definition

Now we need to declare the movement rules of the simple particle class. An ABM
particle/agent in MIKE ECO Lab can have up to 5 independent horizontal movement
vectors and has one downward (settling) velocity. In this example we will specify the
current flow direction and speeds that we have created as forcing in the first step. This will
cause an individual from the particle class to be passively dispersed by the currents
(through advection).

2.5.6 Horizontal movement

To do so open the first horizontal movement vector definition. We will use the horizontal
flow speed and direction information to move an individual horizontally with the current
flow. Enter the symbol name used for the current speed and direction in the
corresponding fields (see Figure 2.9).

The expression you enter is checked/ verified when you move to another input field. If the
editor recognises the entered symbol as previously defined, the text becomes blue with
an underscore. This indicates a hyperlink and you can navigate to the definition (~input
dialogue) of the element/symbol by using the right mouse button. In case of an error a

The expert in WATER ENVIRONMENTS 11
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message will be printed in the lower panel. In case of an unknown symbol the editor offers
the creation on a new symbol with a certain type to be selected from a list.

| PasciveDrifter.ECOLAB E=R[E=E|

- = O~ Horizontal Vector 1

= ECOLab Setup
- Miscellaneous Direction HDir
- State Variables
- Constants
[=1-Forging

-HSpeed

HDir

VSpeed
- Auxiliaries
- Processes
--Derived Outputs
[=l-Partide Classes

B PassiveDrifter

- State Variables
--Constants
iRestricted area search
Arithmetic Expressions
(] Horizontal Movement
£} Downward Movement
. Downward Velodity 1

Speed HSpeed

Figure 2.9 Defining the horizontal movement vector to make an individual follow the local
currents

2.5.7 Vertical movement

Finally, we need to define the equation for downward movement. We have declared a
settling velocity specified by the class constant ‘settling_v’. Thus, we specify ‘settling_v’
as downward velocity. This will cause a particle to sink with the given speed.

In a 3D simulation up- or down-welling currents can influence the vertical movement.
Similar to the horizontal transport we will therefore add the information from the forcing
‘VSpeed’ to move an individual according to the vertical flow. But compared with the
settling process the vertical flow has an opposite sign; upward directed flow speed is
positive and downward directed flow negative. To account for this the vertical flow speed
from the hydrodynamic calculation has to be subtracted to compute the final settling
velocity. See Figure 2.10 for details.

12 ABM Lab - Drifter Example - © DHI
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==

- -

Downward Velocity 1

[=-ECOLab Setup
- Miscellaneous
--State Variables
- Constants
[=I-Fordng
‘~Hspeed
- HDr
- \Speed
- Auxiliaries
- Processes
- Derived Outputs
[=]-Partide Classes
(] PassiveDrifter
[ State Variables

estricted area search

Arithmetic Expressions

[} Horizontal Movement

: \-Horizontal Vector 1

[ Downward Movement
.. Downward Velodty 1

Figure 2.10 Defining the settlement of the particle class. See text why the vertical flow speed
needs to be subtracted

Speed

settling v - VSpeed

current flow.

ATTENTION: The forcing ‘VSpeed’ refers to the vertical current speed. The coordinate system
for the current flow points upwards, meaning a negative flow speed indicates a downward
direction whereas a positive value shows an upward directed flow. The vertical movement of a
particle expects a downward velocity, i.e. a positive downward velocity causes a downward
movement whereas a negative value indicates positive buoyancy and an upward movement.
Thus the sign of ‘VSpeed’ needs to be negated to move a particle according to the vertical

Save the final template. It can now be used in a hydrodynamic setup.

The expert in WATER ENVIRONMENTS
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2.7

2.7.1

MIKE ECO Lab — Agent Based Modelling

Model Setup of MIKE ECO Lab

Open the hydrodynamic setup ‘Corner_2D HD.m21fm’4. This contains the basic
hydrodynamic setup for the simple ABM example. Save the setup to a new file name
‘Compare_Corner_ PT_ABM.m21fm’ to not overwrite the existing setup. Enable both the
PT and the ‘MIKE ECO Lab / Qilspill modules on the ‘Module Selection’ page.

Loading a template

Now load the ABM template for the passive drifting particle class you have created. Open
the ‘Model Definition’ page, select ‘From File’ and pick the MIKE ECO Lab template
containing the ‘PassiveDrifter’ particle class form your disc. If successful loaded you
should see that the summary lists one particle class and three forcing. Inspect the
overview (compare Figure 2.11).

® Comer2D_HD.m21fm - Modified = =
MIKE 21 Flow Model FM
o Donain |Model Definition
o Time _
o Module Selection Template Selection
o Hydrodynamic Module ¥
- 1 ECO Lab / Oilspill Moduls [From Fie ... 7]
o g:::feﬁnmon Compare_EL_PT\ assiveDrifter ECOLAB E]
Forcings Summar
¥
Dispersion lk
Particle Sources 0 State Variables 0 Auxiliary
g:ﬂﬂ Eﬂmﬁle 0 Constants 0 Processes
puts
o Particle Tracking Module 3 Fordngs 0 Derived
1 Classes
Solution Parameters
Integration Euler
Update Frequency 1

Figure 2.11  Setup overview, conservative state variable

The Eulerian framework

The Eulerian framework represents concentration type state variables, constants and
forcing. Make sure that all utilised built-in constants and forcing are correctly handled; if
the hydrodynamic engine cannot provide the proper information, the user has to supply
the missing data! For further reference see the standard MIKE ECO Lab User Guide.

4 1f the file is not available on your disc you can create a new setup using the specifications from 2.4
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2.7.2 Class overview

The ‘Classes’ node allows you to inspect all defined particle classes. In our small example
we have just defined one class (see Figure 2.12). The ‘State Variables’ node allows you
to get an overview of the state variables defined by the active class. As every individual
agent/particle has an own set of state variables, the presented information just includes
the name and unit of the variables. Initial values of state variables have to be specified
when particles are created, i.e. in the source definitions (see Particle sources, page 16).

------- MIKE 21 Flow Modsl FM

..... ¢ Sonan B

----- o Time
----- ¥ Module Selection Class name Description Edit
- of Hydrodynamic Module 1 PassiveDrifter Goto

= 1 ECO Lab / Qilspill Module
i of Model Definition

o o 3

B of PassiveDrifter

. of State Varables
i o Consgtants

Figure 2.12 Overview of all defined particle classes

2.7.3 Specifying class constants

The value(s) of particle class constants are valid for all individuals of a particle class. They
have to be specified in the ‘Constants’ node under the ‘Classes’ overview node.

In our example we use a class constant to specify the settling velocity. To modify the
default value, move to the ‘Constants’ of the class (see Figure 2.13). Here, all the defined
constants are listed and the user can set specific numeric values for the single class
constants. Specify a settling velocity of -1.4e m/s. this will cause a slight positive buoyant
particle, moving upward from the release depth (-5.04 m) to the surface in one hour.

-~ MIKE 21 Fow Model FM
----- ¢ Doman S 000
..... o Time

----- # Module Selection
- o Hydrodynamic Module D Hame Description Unit | Value

= 0 ECO Lab / ilspill Module 5 | =etting_v | particle setting velocity ms |0
- o Model Definition

EI -f Classes
= v‘f PassiveDrifter
‘o o State Varables

- o

Figure 2.13 Parameterisation of class constants
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2.7.4 Dispersion settings

MIKE ECO Lab — Agent Based Modelling

We have declared the movement vector for our particle class in the template and
specified the flow components as the sole driver in the movement definition. The created
particle class is a simple passive drifting agent it simply moves with the local current flow.

If you want to add a random element (random walk) to the movement of an ABM
agent/particle class it is easiest to use the built-in functionality of the hydrodynamic
module® via the dispersion settings. For details check the topic in the standard Particle
Tracking User Guide.

To specify the dispersion settings for a particle class move to the ‘Dispersion’ node. In our
example use ‘Scaled Eddy viscosity formulation’ for horizontal dispersion and ‘no
dispersion’ for vertical dispersion (see Figure 2.14)

E MIKE Zera - [Compare_Corner_PT_ABM.m21fm - Modified]
® File Edit View Run Window Help

O&E| | & 7 W2
MIKE 21 Flow Model FM
 Donai | PassiveDrifter
o Time

# Module Selection
o Hydrodynamic Module
= ECO Lab / Cilzpill Module
o Model Definition
=] Classes
=] Passive Drifter
State Variables
Constants
« Forcings
=] Dispersion Item: View ...
= & Horizontal Digpers. .
of
Vertical Dispersion
Particle Sources
Drift profile
Cutputs Constant
o Particle Tracking Module

Formulation ’SGHEd eddy viscosity formulation v]

Scaled eddy viscosity formulation

Format ’Consiant - ]

Constant value 1

Dispersion coeffident formulation

0.01

Tl m
=z nQ

Item:

Figure 2.14 Horizontal dispersion settings

2.7.5 Particle sources

If particles/agents are not dynamically created, they must ‘enter’ a simulation using a
particle source. A particle sources is defined as a spatial location where new particles can
be introduced to the mode domain. You can specify the number of particles released
within one time step and the initial values of their state variables. As particle constants
cannot vary during the simulation time they have to be configured globally (see Creating
class constants, page 11).

MIKE ECO Lab offers two principally different source types. ‘Point sources’ represent
single point locations whereas ‘Area sources’ can describe spatial regions, where new
particles are placed. Both types have subtypes; point sources can be stationary or moving

5 You can also implement an additional random walk as a movement vector in the EOC Lab template.
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along a predefined path, area sources are always stationary and can describe a collection
of multiply point sources or geometric shapes (area, line) defining the release location.

To specify a new particle source you can use the context menu of the geographic view on
‘Particle Sources’ page (see Figure 2.15) or the ‘new source’ button in the source list.

Try to add a new point source to the example setup.

Geographic View | List View
[ml
1500
1400
1300 Zoom In
1200 Zoom Out
Previous Zoom
1100 Mext Zoom
1000 1 Pan (Shift)
] . . . Refresh
900 --------- fommmees dmmmmmenes qme-
] . . . Grid
A R o
] | | 1 Copy to Clipboard
TOO g------m-mimmmm e REEE P P 19.8
] i . : Save to Metafile... 19.8
B [ L R : 20.0
600 ] : : : Save to Bitmap... 202
L foreaeees foreaaeees foee| PN i
] : : : Show Mesh 20.8
400 -y e 21.0
] ! ! ! Show Isolines 212
i B S 214
b . i . Add new Singljé{oint Source 218
200__""""'?"""'"*:"_"""q:"" Add new Irrequidr Point Collection Source ?2?
100_'.........E.........-:..........:.... Add new Regular Grid Source 22,2
[ R B 22
0 e e Add new Contour/Shape Source 22.6
0 200 400 600 800 1000 1200 1400
[m]

Figure 2.15 Source definition, location specification using the context menu (right mouse button)
on the geographical overview.

Open the source details for the new created source (see Figure 2.16). We will use a
moving point source, thus you have to specify the position to be read from a time series.
Check that ‘Point source’ is selected as source type and ‘Moving location’ as source sub-
type. This will enable the input fields to specify the source location data file. In the
simulation directory you find a time series ‘source_location.dfs0’ that contains the
information for a source moving from (1250,200,-5.04) to (1400,200,-5.04). Select the file
and assign the proper items for the easting, northing and depth.

Do not forget to enable/include the particle class in the source definition on the bottom of
the dialogue (Figure 2.17).
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Figure 2.16  Moving source definition

Horizontal spedification

Map projection: [UTM—SZ -

Easting 1074.235308
Morthing 206,331878

Maving position file

C:\Users\mpoMIKE Zero Projects\MIKE_21\FlowMadel_FM E]

Partide dasses

No Class name Include | Edit
1 PassiveDrifter ( @- [Goto... )
p—
Partide dasses /
No Class name Include Edit
1 PassiveDrifter O |[(Goto..

Figure 2.17 Do not forget to enable/include the particle class in source definition!

Now you have to configure the number of released particles per time step and the initial
value of the state variable for these particles. Specify the number of released patrticles as
1 per time step. The dialogue will list all defined state variables and the currently chosen
initial value. To modify the initial value jump the state variable dialogue using the ‘Edit’
button.

If the state variable is defined to be a mass (defined by the EUM type when you set up the
template!) you can specify a total released amount that is distributed among all released
particles. This is very useful if you want to adjust the number of release particles (as
otherwise you have to recalculate the state variable amounts when you change to number
of released particles). Further it is possible to set a flag that the specified value is actually
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a flux per second. Using that option the total amount will not change if you change the
time step. See Figure 2.18 for actual settings.

[ ] Compare_Corner_PT_ABM.m21fm

MIKE 21 Flow Model FM
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o Time
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+ Hydrodynamic Module
« ECO Lab / Oilspill Module
 Model Definition
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=  Dispersion
= % Horizontal Dispers...
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Format [constant |

T [Integer]

Constant value
Select ...

Item: View ...

No State wvariables Format Details

1 Particle Mass, a conservative state variable Constant value | Walue = 10.000000

Edit

« Vertical Di
£l o Particle Sources
= & Source 1
= o PassiveDrifter
«f Particle Mas
« Drift profile
o Outputs
 Particle Tracking Module

Mass components

Specdification as [Dr_;trhjhan -among partide

Format

[As flux

Figure 2.18 Source definition, specification of released particles and settings

2.7.6

Outputs mapping particle state variables into concentration maps

We will create two principally different types of outputs, one map output and a particle
track output. The latter is a XML data file containing the information on individual particles
(their position, state variables and properties) whereas the map file is a spatial
representation where state variables from all particles are mapped spatially as a

concentration map.

Create two new output files and name the first ‘ABM Map’ and the last ‘ABM Track’. Open
the specification for the ‘ABM Map’. As ‘Field type’ select 2D (horizontal)’, set the output
format to ‘Area series’. Provide a proper file name (‘(ABM_Map.dfsu’®). For simplicity
reason we will include all time steps and use an output frequency of 1. See Figure 2.19.

6 If you change the output format and move away from the input field the proper file extension will be set for the file name!
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Geographic View | Output spedfication | Qutput items |

Data

Field type | 2D (horizontal) - Output format
Output file ABM Map.dfsu
Treatment of flood and [Dnly real wet area w7 ]
Time step

First 0 Last 130 Frequency 1

Figure 2.19  Output specification
To specify the information written to the result file, switch to the ‘Output Items’ page.

The output item specification lists all available MIKE ECO Lab elements’. You can include
or exclude single elements by the checkbox in the list view. In the lower left corner a quick
setting dialogue allows you to include/exclude output items of a defined output category
(see Table 2.4) with a single mouse click. Please note that this setting is a tri-state
dialogue, allowing you to include (checked) or exclude (unchecked) an item category

completely. If some items from a category are manually modified, the dialogue shows an
intermediate (tri-state) symbol.

7 The available items depend on the output type (2D/3D) and the spatial variability / scope settings inside the ECO Lab

template for an item.
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| Geographic View I Cutput spedfication | Output items |

Ho Variable Include Write Handle data
1 Suspended, PassiveDrifter-Particle Mazs, a congervative sta Current value Default
2 Sedimented, PassiveDrifter-Particle Mass, a conservative sta ] Current value Default
3 In specified Z-Range, Passivelrifter-Particle Mass, a conser ] Current value Default
4 U velocity Current value Default
5 W velocity Current value Default
] Surface elevation Current value Default
I Still weater depth Current value Default
8 Total water depth @ Current value Default
Enablefdisable all Z-Range specification
Indud ticl ithi
[~|state variables - I pe R L]
[~] Additionalfderived output Upper Z-Range: 0.000000
| Hydrauli iabl
e Ve s Lower Z-Range:  -1.000000

Figure 2.20 Output item selection

Depending on the item category and the output type you can select in the ‘WRITE'’ field
that various statistic information or the ‘current value’ is written to the result files. If the
output item is declared as mass/concentration item in the MIKE ECO Lab template (EUM
type/Unit), the ‘default value’ will be the accumulated concentration, for non-
mass/concentration items the default will be the average cell value. For a list of output
write options see Table 2.2.

You can further force the model to handle/convert the raw data as/to a mass, area or
volume concentration by specifying a handling option manually. See Table 2.3 for a list of
options.

Table 2.2 Output item write options

Write Explanation

Current value Accumulated value for mass/ concentration
items, cell average for all other item types

Min Value Minimum value during output time different
from zero

Max Value Maximum value during output time

Time Average Time average value for output time

Cell Average Average cell value for current time step

Arrival time Replaces the actual value with the arrival time,

i.e. the first time step a particle entered a cell
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Please note that an item can just appear once in the output file. It is not possible to write
the min and max value to the same output file.

Table 2.3 Output item handling options

Handle data Explanation

Default Accumulated value for mass/ concentration
items, cell average for all other item types

As mass Accumulated value

As area concentration Accumulated value divided by element area

As volume concentration Accumulated value divided by element
volume

Table 2.4 Output item categories for map outputs

Category Explanation

State variables MIKE ECO Lab state variables from the
Eulerian framework (concentration variables)

Additional/ derived outputs Auxiliary variables, process and derived
outputs from the Eulerian framework

Hydraulic variables Information from the hydrodynamic core, e.g.
current information etc.

Suspended state variables State variables from suspended particles
mapped as concentrations

Suspended derived outputs Arithmetic expressions from suspended
particles mapped as concentrations

Sedimented state variables State variables from sedimented particles
(based on sedimentation flag) mapped as
concentrations

Sedimented derived outputs Arithmetic expressions from sedimented

(based on sedimentation flag) particles
mapped as concentrations

z-range state variables State variables from particles within the
specified Z-range mapped as concentrations

z-range derived outputs Arithmetic expressions from particles within
the specified Z-range mapped as
concentrations
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The second output is used to store the particle track, the detailed information on particle

positions, state variables etc. as a XML file.

Set the output field type to ‘Particle Track’ and include all time steps and particles (see
Figure 2.21). By default the track will be stored as compressed particle track. This
compressed format reduces the memory constrains of the track file on the disc. If you
plan to post-process track data using 3 party tools it is advised to store the information

‘uncompressed’ 8.

Geographic View | Output spedification | Qutput items |

Data
Field type [Parﬁde Track v] Zukput Format | Domain series
Output file ABM Tradk, xml
Compressed partide format
Time step
First 0 Last Frequency 1
Particle number
First 1 Last Frequency 1
Map projection  |LTM-32 v] [ Import from file ... ]
Domain series
) x]2]¢]
Easting Northing Name

1

-15

-15

Figure 2.21  Particle track specification

Pnint 1

Open the output item page and select the outputs to be included in the track result file.
The particle position (X, y, z coordinates) is always stored and additional items can be
included / excluded. There is a similar quick-selector as in the map output but as the track
stores different information the categories are slightly different (see Table 2.5)

8 Check the ECO Lab User Guide for a detailed format description of the XML file
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Table 2.5 output categories for particle tracks

MIKE ECO Lab — Agent Based Modelling

Category

Explanation

State variables

Particle state variables

Additional/ derived outputs

Arithmetic expressions

Properties

Particle properties

2.7.8 Model setup of PT module

24

As we want to compare the passive drifting ABM agent and the standard particle tracking
we have to specify a particle tracking setup corresponding to the ABM setup. Open the
‘Particle Tracking Module’ and create a new particle class. Make sure that ‘kilogram’ is

selected as EUM unit (see Figure 2.22)

® Compare_Corner_PT_ABM.m21fm - Modified

- MIKE 21 Flow Model FM

- of Domain

-~ of Time

- o Module Selection

- o Hydrodynamic Module
ECO Lab / Qilzpill Madule
- Particle Tracking Module
) of Classes

& Sourc

- of Source 1
o Decay

o Settiing

« Dispersion
« FErosion

Minimum Particle Mass

Maximum Partide Age

0 [ka]

21600 [sec]

Figure 2.22  Definition of a particle class in the Particle Tracking module

Add a new particle source with the same parameters (source type, location) as in the
MIKE ECO Lab particle source. Configure the source according to Figure 2.23.
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® Compare_Comer_PT_ABM.m21fm - Modified

- MIKE 21 Flow Model FM
4 Do B

- of Time
o Module Selection Farmat
- wf Hydrodynamic Module .
: ECO Lab / Oilspill Module
). of Particle Tracking Module Flux 10 [kafs]
£ of Classes
Data file Select ...

Item: View ...

Mumber of partides per time step
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o Dispersion
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o Erosion —
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©- o Outputs
P Diata file and iterm Select ...
Ttem: View ...
Mass of partides per time step

Spedfied as total emitted amount {otherwise applied per partide)
Interpret emitted amount as fiux

Figure 2.23  Definition of the source in the Particle Tracking module
Set up two outputs: one as 2D output, the other as track output, analogous to the outputs

in the MIKE ECO Lab module (NOTE: the particle tracking module does not provide the
same output features as the MIKE ECO Lab ABM module).
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2.8 Results

After you have run the model you can inspect the simulation results. Open the
‘concentration’ map form the MIKE ECO Lab module. This result type shows the particle
distribution based on a mapping of the particle state variables into concentrations. This
result type is not different from any other MIKE result.

T Data File: ABM Map.dfsu =R [EcR ==

[m]

1400 -
1200 -

1000 -1 Suspended, Particle Mass,
a conservative state
wvariable [mg/]

[ ~bove 550
520 - 560
430 - 520
440 - 480
400 - 440
350 - 400
320 - 360
280 - 320
240 - 280
200 - 240

800

600
400 1

200

| Fannmnmn

1:05:00 01-01-2004 Time Step 65 of 180.

Figure 2.24  Resulting concentration map output for the patrticle class after 65 time steps
To display the information stored as the particle track you have to add a particle overlay to

the result display. Use the context menu on the display area and select ‘Add/Remove
Layers’ (see Figure 2.25)
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Figure 2.25 Adding a particle track overlay

Create a new overlay and select ‘Particle File’ as file type. Use the ‘browse’ icon to select
a proper XML particle track. Try to load in the ABM particle track.

Add/Remove Layers =2 |
Image Manager | Qverday Manager
Image Files:
File type File name Axis unit
1 Image File wlf. | Edit...
Image File
Shape File:
XZ File
Enhanced Meta File
Particle Fi’i

Figure 2.26  Selecting a particle track file to add a particle overlay to a plot
When the selected XML file contains a valid particle track, the track is loaded into memory

and the track data is drawn as overlay on the current track. The screen should now look
similar to Figure 2.27.
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Figure 2.27 Loaded particle track overlay

The default track overlay shows the path of all particles drawn as white lines from their
origin to the end of the simulation. Particles are represented as geometric
shapes/markers and their colour represents the particles z-coordinate.

2.8.1 Adjusting the track overlay

A particle track overlay can be adjusted in many ways. Use the ‘Edit’ button in the
‘Add/Remove Layer’ dialogue. The first option ‘Particle Track Overlay’ (see Figure 2.28)
allows you to modify the lines drawn to represent the particle path according to the
specified line width, style and colour. The ‘“Track length’ allows you to specify that the path
shows all time steps (‘Total’), just to the current time step (path from release location to
current location) or just the last n positions/time steps (‘Current with tail’).

28 ABM Lab - Drifter Example - © DHI



Passive Drifter

MIKE?\ﬂ

Powered by DHI

Particle Styles E==
 Particle Track Overlay (Drifter) Style |
s Partide Instantaneous Overlay (Drifter)
Partide Track Styles
Draw track overlay
Line: width: 0.4 [mm]
Line style: [Solid ']
Line color: [\ H-]
Track length: Total
Start to current
Current with tail
o) o] oo ) [

Figure 2.28 Particle track overlay dialogue

The instantaneous overlay specifies the drawing of the shapes. You can specify any track
item used to control the colour and size of a symbol, as well as select a symbol shape.

Particle Styles @
o Partide Track Qverlay (PassiveDrifter) | | Style | color
vf[ Particle eous Overlay)(| iveDrifter)
lg Particle Styles
[¥] Draw instantaneous overlay
Color legend
Marker color variable: [z coordinate ']
Marker size variable: [z coordinate ']
Marker symbal: [m] -
Marker color (O
Marker fill style: [Palette color ']
Marker size type: [F\xed ']
Marker size: 0.8 [mm]
Timesteps displayed: [Current ']
N . |
[ ok [ cenca | [ apoly | [ nep

Figure 2.29 Particle track instantaneous overlay

Common visualisation options:

Change the size of a marker according to a variable:

«  Select the output variable to control the size as ‘Marker size variable’
+  Set ‘Marker size type’ to ‘variable’

+  Set a scaling factor ‘Marker size’

Change the colour of a marker to match a variable:
*  Set the control variable ‘Marker color variable’
«  Set ‘Marker fill style’ to ‘Palette color’
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Apply a uniform maker colour:

+  Select colour ‘Marker color’

. Set ‘Marker fill style’ to ‘Solid color’ for a filled marker ‘White’ to draw a white shape
with colour border

*  ‘Transparent’ to draw just the colour border

Now we can do a comparison of the final results. Add another overlay for the particle track
from the particle tracking module (2D concentration mapping is based on the results of
the ABM model and will not show the particles from the PT module!). Adjust the colours
and styles of the two overlays to be able to separate them visually. Use the ‘current with
tail’ option to draw the particles trajectories. The final plot should look similar to Figure
2.30.

When you compare the traces, both the passive drifting ABM particle class and the
standard particle tracking produce comparable tracks. The individual tracks are slightly
different as there is a random walk contribution due to the dispersion settings. If you
switch off horizontal dispersion for both MIKE ECO Lab and the particle tracking module
you will see that the tracks from both modules will be identical.

Why use an MIKE ECO Lab ABM then? We have not specified any decay for the state
variable but it is now quite simple to add e.g. a decay process. Thus you can easily apply
any decay function (1st order, 2" order, dependent on light or other inhibition function etc.)
with a functionality the classic particle tracking does not allow. Further you can enhance
the movement rules to simulate ‘biological’ behaviour. We will explore these opportunities
in the next chapters.
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Figure 2.30  Final results comparing MIKE ECO Lab ABM a track (while, square markers) and a

standard particle tracking (red, dotted path, filled circle markers) with the same
properties
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