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THE ODD PROTOCOL: OVERVIEW, DESIGN CONCEPTS, DETAILS 

ODD is a schedule to describe the features of the model in an organised synthetic manner. 

The Overview: information is distributed among the agents, the patches, with a set of properties describing the initial state of the system and the rules of interaction. The rules of interaction are combined with the types of patches so the system evolves its state, 

with other interactions that may appear depending on the virtual landscape at hand, while the system moves to some state to be examined as possible critical or final state. Each agent set will have its own performance task, with a coupling between agent types 

that may bring to a change of state of the system via a sudden transition.   

The Design concepts: the model aims at studying basic aspects of this complex system (i.e.  interaction, prediction, emergence, adaptation, stochasticity) and recognising typical properties (i.e.  connectivity, nonequilibrium, nonlinearity, self-organisation, co-

evolution).    

The Details: initialisation, input data, sub-models. The model is initialised by designing the virtual landscape and the agents. No recorded data are used to start the model, some estimations are made from personal experience and literature survey. The virtual 

landscape represents a square-based open-domain, the agents are the patches the domain is made of. The landscape models a terrain with some tree density over a plain and a hill. The agents model the nature of the terrain with different characteristics and the 

response to environmental actions, such as flame front advancement and wind effect. The input data of the landscape are the geometry (square-based area, hill placement in the plain, no solid boundaries), the input data of the agents are the position (placement 

on the landscape) and the characteristics (type and nature). The sub-models deal with the actions of the agents and the effects of the environment. The actions of the agents involve response to fire (level of combustibility, water cooling, block of spreading), the 

effects of the environment involve spreading of fire (wind, slopes, humidity). Some behaviours of the system are expected to emerge by reaction or adaptation to inputs; some characteristic threshold might appear to mark a difference in the behaviour observed in 

the model; a metric is to be devised to analyse data, compare results and explain outputs. Furthermore, several runs are always needed to take into account, at least in a basic form, stochastic effects linked to the system. Proper control tools will be designed and 

applied in the NetLogo Interface to manage any operation needed and visualize results. 

NETLOGO MODELS: VIRTUAL LANDSCAPE, AGENTS, INTERACTIONS   

The virtual landscape models a square whose outer boundaries are never crossed because all what happens is always entirely inside or at the boundaries (so called “wrapped off” world), where space is continuous and time is discrete. The landscape is made of 

square patches of same side, whose overall length is set in advance by means of a coordinate controller. In this study, the box results in a total of 251 by 251 patches, with each patch covering a space that can be the same or different from the space covered by the 

neighbouring patches, depending on what characteristic the patch is associated with. Should a real landscape be modelled, maps in 3D could be imported, with real scales and dimensions to be uploaded in the NetLogo model. Here we simply adopt unit length 

for the square patches side and for the unit height modelling of the hill in the plain.  

Several agent-sets are employed as patches describing the landscape, with colours differentiating them: trees (green), watered-trees (blue), ground without trees (yellow), flame front (red), burned trees (dark red), base layer (brown). A variable degree of combus-

tibility is assigned to the agent-set, from a minimum (non-combustibility, e.g. watered-trees and ground without trees) to a maximum (high-combustibility, e.g. trees), associated to the colours. Variability is assigned through control sliders that define a probabil-

ity of success to the event describing the combustion activation of the patches.  

Two specific properties are assigned to the patches that may enhance fire spreading: elevation and humidity. The former is associated to the hill only, the latter is associated at random to all the landscape. Elevation is scale-coloured (brown) in 100 unit-heights, 

with the peak of the hill placed at 30 unit-lengths along the base plane coordinates (-30, -30) from the centre of the world (0,0). Wind can further enhance the flame front spread uphill toward the highest elevation of the neighbouring patches. Humidity is assigned 

through the patches, either directly or through a control slider, with random values in a scale 0 to 100, with two exceptions: 100 for watered-trees, 0 for flame front and burned trees. Lower values of humidity enhance the flame front spread. It is worth noting that 

the wind and humidity effects can be included or excluded by the simulation, separately or together, in order to explore different environmental constraints. By adopting an agent-centric vision, useful as a mindset to carry this kind of studies on, we describe the 

agents and their behavioural rules of interactions with their Von Neumann neighbours (the four cross neighbours: North East South West next patches around) - see the bottom right table below. 
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Evolution trend and final value 

Agent set Behavioural rules Notes 

Trees (green patches) I can be burned out when my density in the 
landscape is not under a certain value. I start to 
live in the world with a density value that is set in 
advance and that can also be varied. My density 
appears as one threshold for the system to sustain 
fire spread (threshold one: density of trees). 

Threshold density vs probability of fire spread once 
ignited 

Flame front (red patches) Flame front: I may activate the burning of trees. I 
must live in the world from the beginning, so I try 
to start burning of some trees around me. When 
done, I change trees in burned trees. I may be 
enforced by wind along uphill and by low humid-
ity range in the world. 

Needed from the beginning to try to start burning 
of trees 

Watered trees (blue patches) I can slow or stop the flame front advancement 
under some circumstances. I can be added or not 
in the world, when present I may be placed and 
set in different forms (single or double linear 
stripe, single or double circular stripe). I am 
assigned a strength variability, that is set in ad-
vance and that can also be varied, to represent 
effective fire spread tackling. This appears as 
another threshold for the system to sustain fire 
spread (threshold two: effective water barrier). 

Threshold strength vs probability of effective fire 
spread tackling 

Trees-off ground (yellow patches) Ground without trees: I can stop the flame front 
advancement under some circumstances. I can be 
added or not in the world, when present I may be 
placed and set in different forms (single wide 
linear area or single wide circular area near one 
outer boundary). I am assigned a strength varia-
bility, that is set in advance and that can also be 
varied, to represent effective fire spread tackling. 
This appears as another threshold for the system 
to sustain fire spread (threshold three: effective 
ground barrier). 

Threshold strength vs probability of effective fire 
spread tackling 

Burned trees (dark red patches) Burned trees: I am all that remains once the tree 
has burned out. I was once a tree, now burned out 
from the flame front. 

Only for trees that were burned 

Base layer (brown patches) I simply describe the base layer of the virtual 
world and what remains after introducing the 
other agent-sets. I start to live by defining an open 
plain terrain with one hill. 

Needed for starting the world 

4b-1 one run 4b-2 one run 

4b-3 one run 4b-4 one run 

4b-5 one run 4b-6 one run 

4b-7 one run 

World 

id 

Average 

Over 100 runs 

Standard deviation 

Over 100 runs 

Setup of possible barriers to fire spreading 

4b-1 88,17 % 0,19 % No water barrier No ground barrier 

4b-2 62,01 % 0,26 % Yes water barrier No ground barrier 

4b-3 72,92% 0,36 % No water barrier Yes ground barrier 

4b-4 62,01 % 0,31 % Yes water barrier Yes ground barrier 

4b-5 77,72 % 3,94 % Yes water barrier No ground barrier 

4b-6 75,41 % 1,46 % Yes water barrier Yes ground barrier 

4b-7 80,23 % 0,18 % No water barrier Yes ground barrier 

Flame front starting from centre left side Trees density 72% Uphill wind enhancement On  

Humidity set On Prob fire spread 80% Prob water success 70% Prob ground success 80 % 

Metric: percentage of burned patches 

Results of simulations 
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