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Common underlying Questions among the 
research community

� How does land use shape 
landscapes over the long-term? 

� What processes drive the long-
term socio-ecological 
consequences of many types of 
land use change?

� Can human behaviour be 
measured across space and time 
and simulated in association 
with their environment through 
empirically based agent models?



� Can land use and land cover dynamics 
be measured through the use of GIS and 
Remote sensing and then be associated 
with human change in these landscapes?

� Can drivers of change be explored 
through the integration of social, 
biophysical and geographical 
modelling?



Purpose of this Talk

� Explore the current state of spatial/ 
temporal simulations that integrate 
human behaviour and environmental 
factors as applied to decision-making 
in spatially referenced dynamic 
environments.

� To hopefully provide insight into what 
has been learned and discuss new 
ideas.

� To set the stage for a series of papers 
that will be presented following this 
session and throughout the conference.



Things to Think About!
� Linking social, behavioural and 

geographic disciplines across space 
and time using agent based modelling.

� This work is in its infancy and suffers 
from growing pains in data collection 
methodologies, model verification and 
validation and integration to a 
decision making framework.

� There are some excellent papers at 
this meeting that address these issues.

� We have an opportunity at this 
conference to discuss these issues as a 
modelling community.



Introduction
� Growing body of research focused within the 

context of human-environment interactions.

� Need to provide tools that aid decision 
makers who must plan and manage lands.

� Conventional methods fall far short of the 
needs of decision makers. 

� Many agencies are exploring the use of multi-
agent simulations coupled with social science 
data for developing long-term strategies for 
evaluating human-landscape interactions. 



� The human dimensions research 
community, Land use/Cover Change 
(LUCC) program, and human and 
landscape ecology communities are 
collectively viewing the landscape with 
a spatially-explicit perspective.

� Humans are viewed as agents of 
landscape change that shape and are 
shaped by the landscape and where 
landscape form and function are 
assessed through space-time.

The Need



� An important focus for funding 
agencies such as National Science 
Foundation in programs such as 
Biocomplexity in the Environment, 
Coupled Human-Natural Systems.

� Parks Canada for example has 
established human use management as 
a national priority.

� Human use simulation is perceived as 
having the potential to bridge a 
significant social science knowledge 
gap to improve their ability to 
positively and proactively manage park 
human use and to promote long-term 
ecological integrity.



At This Conference
� There are two sessions at this conference that deal specifically with 

Agent based Model (ABM). 
� “Advances in multi-agent simulations in geographic space(Itami)
� “Human ecosystems modelling and management with agents” (Batten, 

Ferrand & Perez). 
� The significance of this topic area discussed at this conference is of 

international concern. 
� The American Association of Geographers 

� Human Dimensions of Global Environment Change Conference (University 
of Bonn, Germany)

� Upcoming Third International Conference on Monitoring and 
Management of Visitor Flows in Recreational and Protected Areas,
September 2006 in Switzerland

� Society and Natural Resources 2006 (Vancouver, Canada) 
� Spatial Modelling and Monitoring conferences



Spatial Agent Models

� Agent based models linked to Land 
use Land Cover Change 
(ABM/LUCC) models and the use of 
remote sensing data.

� Stationary 
� Cellular

� Agent Based Models (ABM) Linked 
to Geographic Information Systems. 

� Autonomous
� Network topology



Common to both of these approaches are:
� Methods for collecting 

human/household data.

� Need to derive and implement 
behavioral rules at multiple 
scales.

� Need to develop accurate 
simulations and outputs.

� Fit these models into some 
planning or management 
framework.



ABM/LUCC Models
� Agent-based modelling integrated with 

Geographic Information System (GIS) and 
remote sensing.

� Explain and model land use and land cover 
changes.

� The agent-based perspective is centered on the 
nature of land use decision making by individual 
agents, which can be households or institutions, 
embedded in an environment. 

� The spatial dimension provided by the GIS 
allows the research community with the ability 
to ask the question about why and how 
landscapes are changing and to evaluate the 
spatial location or proximity in which it is 
occurring. 

<http://www.asu.edu/clas/anthropology/research/LLSMB>



Advantages

� This has many advantages when 
developing site specific, long term 
planning and monitoring strategies. 

� Information on the human dimension 
of land use and land cover change 
and degradation issues are collected 
focusing on individual households as 
decision-makers while at the same 
time utilizing and evaluating the 
larger socio-economic environment 
that decisions are made.



Problems with ABM/LUCC Models
� Suffer from inherent problems with 

accuracy and resolution particularly when 
linking up individual households with land 
use/cover data and representing landscape 
change at local levels.

� Models frequently negate any form of 
verification or validation.

� Rules developed from household survey 
data are not explicitly detailed nor 
validated.

� Stationary household agents lack the 
advantages of autonomy (ie. being altered 
by the changes occurring in the landscape).



Problems with ABM/LUCC Models - Cont

� Both spatial and household data can 
be expensive and problematic to 
acquire.

� Linking geospatial and agent 
models to study interactions and 
outcomes pose many challenges in 
studies where requirements vary at 
both spatial and temporal scales.

� Outputs from these models are 
seldom field validated.



ABM’s Linked GIS
� These simulations link spatial agents to 

represent the phenomenon being modeled 
(ie. humans and other modes of travel) with 
landscape characteristics (ie. roads, trails 
and other linear networks such as flight lines 
etc.). 

� Utilize behavioral data collected in the field 
to generate agents (ie. Traffic and trail 
counters, Global Positioning Systems 
(GPS), Radio Frequency Technology, race 
timing devices, diaries, observation and a 
variety of other techniques). 

� Local knowledge to aid in framing both 
global and local rules that mimic human 
decision making processes. 



ABM’s Linked GIS - Cont
� Simulating existing baseline 

conditions using this type of data 
create a true realization of field data 
collected.

� This type of simulation provides an 
opportunity for decision makers to 
explore through scenarios the change 
of human patterns over time. 

� Provides mechanisms to identify 
points of over crowding, bottlenecks in 
circulation systems, peak periods of 
human use, conflict between different 
human user groups and many other 
social or ecological indicators. 



Problems with ABM’s Linked GIS
� Applications are currently limited to those 

using a topological derived network of 
links and nodes and have seldom 
incorporated raster datasets. 

� Minor limitation of the data structure 
(number of links and nodes) that represent 
the landscape can restrict accurately 
representing the landscape.

� Networks to date lack sufficient contextual 
information required for site level rule 
generation and decision-making. 

� Both network and human behavioral data 
can be expensive and problematic to 
acquire. 



Problems with ABM’s Linked GIS - Cont
� Landscape alteration, impact or change in 

response to human use is not currently 
implemented;

� Probabilistic simulations require an 
extensive amount of adequate sampling data 
to represent spatial and temporal variability 
of human patterns on the landscape and 
model verification and validation;

� Model verification and validation has been 
limited or non-existent in past applications;

� Limited studies have attempted to link 
human flow models to other resource based 
landscape models;

� Integration of these models into existing 
management or decision-making framework. 



Challenges in Modelling of human-landscape interactions

� Collecting valid data on human behavior/ 
movement, households required for agent based 
models that represents the spatial and temporal 
variability or the situation being modelled;

� Translating field based data and local 
knowledge into useful and valid rules at 
multiple spatial scales;

� Building valid complex dynamic spatial models;

� Developing innovative ways to analyze and 
display spatial agent simulation outcomes;

� Integrating simulation modelling into the 
decision-making framework.

Rule 

IF InAnyLocale THEN huntBearHabitat  

IF after 5:00 THEN findOvernightFacility 

 

If on trail and time = 4:00pm then find campsite



Collecting valid human behavior or movement data

� Improved and Emerging technologies.

� GPS or other spatial tracking systems 
for capturing movement patterns.

� Surveys, diaries, interviews or group 
sessions.

� What are the important questions to 
ask to acquire the knowledge needed 
for a finer level of decision-making 
and ultimately encoding rules that 
represent those actions?



Acquiring social data to represent spatial and temporal variability

� Size does count !!!!!!

� Data needs to represent spatial and temporal 
variability of human use

� We are learning as we go!

� For example, to develop probability 
distributions for arrivals and trip itineraries 
there are minimum requirements to do a chi-
square test on daily arrival distributions

� 5 arrivals per day for 80% of the cases
� 6 out of 7 weekdays with a minimum 

of 50 arrivals per week)

� Limited use of models in remote areas with 
small numbers of visitors predictive models 
might be most useful

Entry 
Gate  

WK  Weekly 
Total  

Mon  Tue  Wed  Thu  Fri  Sat  Sun  

Entry 1  25  9970  1341  1253  1306  1431  1751  1523  1365  
Entry 1  26  14054  1375  1368  1485  1804  3023  2691  2308  
Entry 1  27  18829  2085  3037  2452  2692  3007  2629  2927  
Entry 1  28  20696  2865  2525  2564  2804  3500  3256  3182  
Entry 3  25  276  41  31  27  38  48  43  48  
Entry 3  26  448  38  35  43  53  91  96  92  
Entry 3  27  878  82  136  115  127  141  137  140  
Entry 3  28  903  119  103  103  116  136  165  161  
Entry 4  25  4523  610  583  586  645  800  611  688  
Entry 4  26  6567  683  635  700  885  1329  1245  1090  
Entry 4  27  6805  1022  951  890  924  1095  947  976  
Entry 4  28  6569  958  855  843  913  1103  955  942  
Entry 5  25  1501  209  209  203  220  228  211  221  
Entry 5  26  1964  220  221  242  287  368  318  308  
Entry 5  27  3509  338  608  446  553  563  475  526  
Entry 5  28  3408  465  444  423  491  507  494  584  
Entry 6  25  1386  182  222  193  181  184  212  212  
Entry 6  26  1695  218  258  207  206  232  269  305  
Entry 6  27  3433  276  427  761  497  466  498  508  
Entry 6  28  3295  492  554  438  424  431  467  489  
Entry 7  25  2655  305  287  302  326  366  344  725  
Entry 7  26  2796  347  309  320  335  379  391  715  
Entry 7  27  5488  683  1170  641  637  642  658  1057  
Entry 7  28  4851  652  576  617  621  638  614  1133  

 

Weekday arrivals for each entry gate for summer simulation from weighted traffic count



Translating field based data/local knowledge into useful rules

� Explicit set of valid rules from field data.

� Rules hardly ever explicitly revealed.

� The challenge is to come up with the right rule sets 
that define the behaviour expected and test those 
rules to ensure they are working. 

� How does traditional knowledge fit into rule 
building? 

� Reliability measures may be required on the set of 
rules developed.

� Such as if 80% of the variability in decision-
making can be accomplished with three rules is 
this good enough for scale of the project? 



Building Valid Complex Dynamic Spatial Models

� In mechanical models a single mean 
performance indicator has generally been used

� In complex spatial dynamic models, 
performance indicators may change through 
space and time by location, enhancing the 
problem many fold. 

� A quandary results about whether the:
� Are the parameters and starting configuration 

the best ones for the system being modeled? 
� Are the outputs from the simulation 

representative of what is observed in the real 
world?



� How good are the initial transition 
and behavioral rules at representing 
the dynamics of interactions.

� How well does the simulation 
function and represent the social 
system being modeled?

� Optimizing simulation model 
parameters to real life data.

� Sensitivity analysis on 
initialization parameters.

� Determining the number of 
replications needed to construct 
confidence intervals for 
performance indicators



Total Number of Visitation Events to Facilities in Each Capacity 
Area
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Developing Innovative ways to analyze and display spatial
agent simulation outcomes
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Capacity: 325

� Much research work is 
underway integrating agent 
based modeling into interactive 
sessions with the public and 
decision makers.

� Infamous dot or pack man 
outputs that illustrate interacting 
way finding agents.

� Translating dynamic social 
interaction outcomes back into 
map products for integration 
into resource planning and 
management.



Integrating simulation modelling into the decision making

� This Planning 
framework provides a 
way to incorporate 
simulation into all 
aspects of the process 
from defining goals and 
objectives through to 
evaluating and selection 
of alternatives. 

� This places simulation 
into an exploratory 
framework in decision-
making process.



In Summary, spatial agent-based simulations provide:

� A comprehensive and dynamic 
understanding of human behavior, 
interactions between humans and 
their environment;

� A framework for a more holistic and 
comprehensive way of incorporating 
human-landscape information into 
the planning and management 
process;

� A way of measuring human 
interactions that are difficult or 
expensive to do in the field;



� A way to test alternative management 
scenario’s.

� Places planning and management into an 
exploratory and experimental framework.

� Communicates complex inter-related 
issues in human-landscape management to 
the public and decision makers.

� A framework that focuses human 
monitoring in the areas that are critical.



In the short term the research community needs to:

� Continue to develop decision-making 
processes that integrate simulation 
technologies.

� Work towards a standardized set of data 
collection and monitoring procedures that 
are comprehensive and cost effective.

� Explore new technologies for collecting 
and analyzing data on human-landscape 
interactions.



In the short term the research community needs to:

� Continue to explore and improve 
upon the reliability and validity of 
the simulation models.

� Combining technologies such as 
traffic &  pedestrian counters with 
traditional social survey techniques 
to provide more comprehensive 
information on human behavior;

� Integrate agent models of human 
use with wildlife and 
environmental impact models 
within the context of planning and 
management.



In the longer term

� Continue to apply agent based 
simulations in a diversity of 
environments to demonstrate the 
advantages of using human use 
monitoring and simulation in the 
planning and management process;

� Continue to coordinate at the national 
level to incorporate human 
monitoring and simulation in the 
planning and management process.



� Hopefully this paper and others 
presented at this modelling 
conference will stimulate 
discussion and lead to improved 
techniques for developing and 
implementing spatial agent-based 
models.

� There are many other issues that I 
have probably have forgotten that 
need to be discussed at this 
conference?

� What are they?



I would like to think that this is not 
the Endbut the Beginning!

I would like to think that this is not 
the Endbut the Beginning!


