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Multi—agent simulation of deforestation: a subsistence farm—based decision making approach

Kondwani G MUNTHALI
Division of Spatial Information Science, University of Tsukuba
Email: <kmunthali@gmail.com>

(1) Introduction: Several parameters are recognized

to influence agents of deforestation's decision
making to deforest and in the tropics many of these
parameters are agriculture-based. With the majority
of the households engaging in charcoal production
as a coping mechanism when they fail to produce
enough food in the study area, we present an
attempt to simulate deforestation trends of
Dzalanyama forest reserve using a Java-based
multi-agent approach.

(2) Objectives: Using a farming household as the main
agent, this study simulated the inefficiencies of the
agricultural crop production theories being practiced
in the areas surrounding Dzalanyama forest reserve
and how they translate into its deforestation.

(3) Data sources and methods: Two field surveys
were conducted to determine the main agricultural
activities at the household level and how they
influence the crop production.

Figure 1 shows the household decision making
structure in growing the crops. The field survey
revealed that access to hybrid farm inputs (cash
endowment), exposure to good farming methods
(agricultural extension services) and access to
subsidized hybrid farm inputs were the important
factors that defined the household's capacity to
produce enough food.
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Figure 1. Simplistic heuristic decision making
structure to grow maize (corn) by the household

(4) Results: Using status quo conditions, the simulation

results compare very well with observed forest loss
between 1990 and 2010 (Figure 2). Within that
period 20,222ha of forest cover was simulated as
lost against 22,734ha observed. Statistically the
result stands at 0.629 Kappa with a literary
comparable spatial accuracy at 44% (Hits) using the
combine tool in ESRI’s ArcGIS. In Figure 2b, the
result is compared against the spatial driving
factors.

The simulation response was then tested with an
adjustment in the price of charcoal for which the
result indicated a 38% reduction in forest loss

(5) Discussion: The model demonstrates literary

comparable results and is encouraging as an
alternative  approach to modeling tropical
deforestation trends. The study has shown that the
inefficiencies of the subsistence farming system
being practiced contribute significantly to
deforestation of Dzalanyama as households,
regardless of their production capacity, do not
significantly prioritize food production.

The simulation response to an increased charcoal
price is not surprising but does reveal the
significance of a handsomely rewarding charcoal
industry. It is therefore proposed that formalizing
the charcoal industry is a viable option to curb the
deforestation.
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Figure 2. Simulated versus observed forest cover
distribution for 2010 a) against base map 1990; b) against

spatial driving factors
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Relationship between non—stationarity of land—cover change
and error due to allocation

Ronald C. Estoque
Division of Spatial Information Science, University of Tsukuba, Japan
Contact email address: <purplebee80@yahoo.co.uk>

AO7

(1) Purpose: The main purpose of this study is to
examine the relationship between non-stationarity of
land-cover change and error due to allocation in
land-cover change modeling in the city of Baguio,
the Philippines.

(2) Data and methods: The GEOMOD model was
used to simulate the 2009 land-cover map of Baguio
city. Remote sensing-derived land-cover maps for
1988 and 1998 were used to calibrate the model,
while the 2009 map was used to validate the
simulated 2009 map. Figs. la-b and 1c show the
location of Baguio city and the land-cover changes
across 1988, 1998 and 2009.

The four components of correctness and error,
namely null successes, hits, misses and false alarms
were determined (Fig. 1d). To determine the
relationship between the non-stationarity of
land-cover change and the error due to allocation,
the following were calculated: (i) difference in the
gains of built between the calibration and simulation
periods (DGBy) (Eq. 1); and (ii) quantity of error
due to allocation (misses and false alarms) of the
simulated 2009 land-cover map in each of the bins
of the categorized drivers. Subsequently, the DGB
was categorized into non-stationarity+ and
non-stationarity—, where the former is characterized
by an increase in the gains of built across the
calibration and simulation intervals in each of the
bins of the drivers, while the latter is characterized
by a decrease. Finally, scatter plots were produced
and statistical relationships between the quantity of
non-stationarity+ and non-stationarity— on the one
hand, and the quantity of misses and false alarms on

the other, were examined.

DGB (Eq. 1)
where d is a particular categorized driver; GB q) 1S the
gain of built during the calibration period in category k
of driver d; GBasim is the gain of built during the
simulation period in category & of driver d.

(3)Results and Discussion: Fig. 1d shows the
cross-tabulation of the simulated 2009 land-cover map
and the 1998 and 2009 reference maps. The simulated
2009 land-cover map had an error due to quantity and
error due to allocation of 0.76% and 13.54%,
respectively, with an overall accuracy of 85.70% (null
successes + hits) relative to the whole landscape. It also
had a ‘hits to observed change ratio’ of 0.585, ‘misses
to observed change ratio’ of 0.415) and a ‘false alarms
to observed change ratio’ of 0.381.

Results revealed that there was a much stronger
linear relationship of non-stationarity+ with misses than
with false alarms, while non-stationarity— had a much
stronger linear relationship with false alarms than with
misses. This indicates that the variability of misses can
be better explained by non-stationarity+, while the
variability of false alarms can be better explained by
non-stationarity—.

(4) Conclusion: There was evidence of a possible causal
relationship between non-stationarity of land-cover
change and error due to allocation. A detailed analysis
of the relationship between these two variables can
provide information useful for the refinement of the
calibration done on the model.

= GBdk(sim) - GBdk(cal)
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Fig. 1: (a—b-).L(.)cation of Baguio city; (c) the land-cover ch.afl.ges"e:cros-s 1988, 1998 and 2009; and (d) cross-tabulation

image of the simulated 2009 land-cover map and the 1998 and 2009 reference maps.
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(1) Motivation: A lot of research has been performed
on the topic of terrorism risk assessment from fi-
nancial, sociological, and also spatial perspectives.
Yet, risk-based terrorism analysis revealed several
shortcomings, such as a lack of spatially explicit
data of past events. Also, risk-based analysis can
only elaborate reactively on events that have either
occurred in the real world in the past, or are the
outcome of simulated models.

(2) Originality: This fact can be ameliorated by em-
ploying a proactive bottom-up approach based on
vulnerability instead of risk. While the latter is the
active aspect of any threat, the former can be per-
ceived as a passive attribute of the objects or people
at risk. Hence vulnerability analysis focuses on the
geography instead of the event. Thereby spatial ter-
rorism vulnerability analysis can be understood as a
methodology to evaluate possible targets on a micro
scale, in the case of this research on building level
within a study area in the Tokyo metropolitan area.
We postulate that vulnerability is not distributed
equally in space and attributes of objects can be
identified that affect their vulnerability, both posi-
tively and negatively.

(3) Approach: In our research framework vulnerability
is based on two components: susceptibility, i.e. fac-
tors and attributes that make an asset more or less
susceptible to become the target of a terrorist attack,
and disutility, which describes the value (worth) of
the consequences a successful attack has to the
stakeholders. This paper focuses exclusively on the
susceptibility component.

As a first step, factors were identified that contribute
to the susceptibility of buildings to terrorist attacks.
The number of people in a building, its usage, the

Fig. 1 - Susceptibility factor maps for "building popula-
tion" (BP; left) and "parking garage" (PG; right). The

volume of public traffic both inside and outside, the
existence of (public) underground parking garages,
as well as the percentage of window area, and the
symbolic value can make one building more attrac-
tive to an attack than others. Therefore, as a next
step, these factors were operationalized and trans-
formed to normalized nominal scales to be used in a
numeric analysis framework.

Our analysis focuses on the effect that the suscepti-
bility factors have on the object's surroundings, i.e.
their spatial influence (SI). Generally we were using
two types of operationalization for this spatial in-
fluence, one being spatial proximity to account for
the fact that each object affects the space surround-
ing itself by its attributes, the other one being spa-
tial concentration (Fig. 1) to identify hotspots, i.e.
spatial agglomerations of similar attributes.

(4)Results: For each of those susceptibility factors,

factor maps were generated, which were then com-
bined into an overall susceptibility map (Fig. 2) us-
ing map algebra (i.e. raster combinations). In this
process it is also possible to assign different
weights to the single factor maps to raise or lower
the importance of the corresponding factor. Once
this is done, vulnerability maps for all attack sce-
narios of interest can be calculated and, together
with a terrorism disutility map, combined into one
micro-scale multi-threat terrorism vulnerability map.
This map can be useful both to raise awareness for
and easily communicate the concept of terrorism
vulnerability to the public, and to assist stake-
holders (e.g. police, government, city planners,
building owners) in identifying areas that are in
need of action towards mitigation against becoming
target of a terrorist attack.

kernel density distribution has a bandwidth of 150m (BP) 'H...‘!r.:"'l!.:-.- - | AR ] -
and 250m (PG). The output raster cell size is 1m. Fig. 2 - Combined unweighted susceptibility map of the
two susceptibility factors shown in Fig. 1 (BP + PG)
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N B B 0.072 0.221 -0.381 0.279
XN 0.112 0.212 -0.347 0.231
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