An Ecological Model-Based Reasoning
Model to Support Nature Park Managers

Mark Hoogendoorn, Jan Treur, and Muhammad Umair

Vrije Universiteit Amsterdam, Department of Artificial Intelligence
De Boelelaan 1081, 1081 HV Amsterdam
{mhoogen, treur, mumair}@few.vu.nl
http://www.cs.vu.nl/~{mhoogen, treur, mumair}

Abstract. A decision support system model is described to advise nature park
managers. It applies dynamic modelling techniques to relate abiotic characteris-
tics of a site over time to species that can be found. For a desired vegetation
type it determines how such abiotic factors are to be changed in order to obtain
the desired change in the vegetation after some time. The system takes into ac-
count an ecological model of the temporal dynamics of species, interspecies in-
teractions, and abiotic factors. Applying model-based reasoning and dynamical
systems methods to this ecological model, decision options on abiotic condi-
tions are determined in order to obtain desired vegetation types.

1 Introduction

Plants only grow in areas with suitable (abiotic) species-specific environmental condi-
tions. When such abiotic conditions change over time, as a consequence the vegetation
of a site may also change. How the occurrence of a species relates to a terrain’s abiotic
(physical and chemical) characteristics can be expressed as environmental preferences
of a species. More specifically, the abiotic preferences of species for factors such as
acidity, nutrient value and moisture, are decisive for the question whether or not they
can become part of the vegetation on a specific site. The appreciation of a nature park
usually lies in the type of flora (and fauna) that can be found. In contrast, measures that
can be taken by a manager usually concern the abiotic factors, such as the ground wa-
ter level. Therefore knowledge about abiotic preferences of plant species, are a crucial
element to be used by nature managers in their management. However, nature manag-
ers responsible for terrains do not always possess such detailed knowledge, and in par-
ticular are not fully aware of how the dynamics of the relationships between abiotic
factors and occurrence of species work out over time. Several models have been pro-
posed to represent such relations in a mathematical or logical way (see e.g. [4-9]).This
paper describes a decision-support system model that has been designed to support
them in their decision making processes. Once an analysis of a terrain has been made,
taking into account both the dynamics of abiotic and biotic factors and their interac-
tion, nature managers can use this to manage the terrain, for example by taking meas-
ures on abiotic factors to improve the vegetation quality of the site.
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The decision-support system model was designed on the basis of temporal dynami-
cal modelling of the dynamics of the abiotic and biotic factors and their relations, and
temporal model-based reasoning techniques using the dynamic model. Both a quanti-
tative modelling as well as a qualitative approach are taken, and are applied to a case
study within the specified domain. The approaches allow a manager of a nature park
to set certain (long term) goals, and can derive using what settings are appropriate to
reach these goals.

This paper is organised as follows. In Section 2 the domain of application is
treated in more detail. The quantitative and qualitative models are explained in
Section 3. Section 4 presents a model-based reasoning approach in order to enable
reasoning about the qualitative model (e.g. determine how certain long term ecologi-
cal gaols can be reached). A mathematical approach to achieve the same is presented
in Section 5, and finally, Section 6 concludes the paper.

2 Domain of Application

The domain considered is that of a nature park manager who has to make decisions
about his or her terrain. Within such decision processes both abiotic factors and biotic
factors play an important role.

Abiotic preferences of a species. Every plant species needs a combination of abiotic
conditions to grow at a given site: its abiotic preferences. For example, the abiotic
preferences of Caltha palustris L., are: very moist or fairly wet; basic, neutral or
slightly acid; nutrient poor, fairly nutrient rich or nutrient rich terrain. For the species
Poa trivialis L. a terrain needs to be fairly moist, very moist or fairly wet; basic or
neutral; nutrient rich or very nutrient rich.

Biotic preferences of a species. For a simple approximation the abiotic preferences
of a species can be used to determine whether or not a species can grow. However,
also interaction between species can play a role, in the sense that the presence of an-
other species may affect a given species in a positive or negative manner: in addition
to abiotic preferences, also such biotic preferences of species can be used. Some well-
known examples of such interactions between two species are:

interaction effect of species 2 on species 1 effect of species 1 on species 2
competition negative negative
symbiosis positive positive
parasitism positive negative

Such biotic preferences imply that the suitability of a site does not only depend on
the abiotic characteristics of the site and abiotic preferences of species. Dynamic pat-
terns over time may result, such as the periodic predator-prey cyclus as known from
the literature. Dynamic modelling methods are required to address such patterns.

Ecological decision making. A manager of a nature park has the possibility to ma-
nipulate certain factors on the site. Often such factors concern the abiotic circum-
stances, such as the (ground) water level. However, also the introduction of certain
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species such as grazers may be included in the set of instruments available to the
park manager. This indicates that, in line with what was discussed above, both the
dynamics of interactions between species and abiotic factors and the dynamics be-
tween different species are to be taken into account within ecological decision making
processes. This is the challenge addressed in subsequent sections.

3 An Example Ecological Model

In this section an example ecological model is presented both in qualitative and quan-
titative format. The model is presented in a simplified form with two competitive spe-
cies s; and s, which both depend on the abiotic factor moisture. It is only used for the
purpose of illustration. The method presented can be applied to any ecological model.
Figure 1 shows a causal diagram for this model. Below, both a qualitative and a quan-
titative variant of the model are introduced.

species
87
water ) /
———»  moisture
level
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w .
species
52

Fig. 1. Causal diagram of ecological model

3.1 Quantitative Model

A differential equation form for this model is as follows:

dsi(t)/dt = B *s,(t) * [c(t) - a;Fs (1) - ay*s,(1)]
d sy(t)/dt = y*Esyt) * [c(t) - biFsi(t) - by*sy(t)]
de(t)dt = w*(nm(t) - c(t))

dm(t)/dt = O *(Aw—m(t))

Here s,(7) and s,(t) are the densities of species s; and s, at time point #; moreover, c(t)
denotes the carrying capacity for s; and s, at ¢, which depends on the moisture m(t).
The moisture depends on the water level indicated by w. This w is considered a pa-
rameter that can be controlled by the manager of the terrain, and is kept constant over
longer time periods. Moreover the parameters f, ¥ are growth rates for species s;, s,.
For carrying capacity and moisture respectively, 77 and A are norm proportion parame-
ters, and @ and @ are speed factors. The parameters al, a2 and bl, b2 are propor-
tional contribution in the competitive environment for species s1 and s2 respectively.
Based on the quantitative model discussed a large number of simulations have been
performed resulting in a variety of interesting patterns. An example situation is where
the proposed decision support system assists the nature park manager to estimate the
densities of species s; and s, after a certain time (e.g. 10 years) given the current
abiotic circumstances (moisture m) that depends on water level w. Figure 2 shows the
results for this particular situation.
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Note that for this example set of equations, equilibria can be determined as follows:
B s *[c-arFs;-ay¥s,] =0 YEs2*[c-Dr¥sy - by*s] =0
nm-c =0 Aw-m=0

This can be solved by
m=Aw and c=nm=nilw
Moreover,
s;=0 or c-a;*s;-a)*s, =0 and s, =0 or c-b;¥s;-by*s, =0
This is equivalent to
Either s; =5, =0
or s; =c/a; and s, =0

or s;=0 and s, =c/b,
or §; = c(a;-b))/(ab;- a;b;) and s, = -c(a;-b))(a,b;- a;by)

Note that in this simple example model, the equilibria can be determined analyti-
cally. However, for the general case it is not assumed that equilibria can be determined
in an analytic manner, and it is not assumed that the terrain will reach an equilibrium
state within the time period considered.

Densities
60
55 -+
50 k
45

—Specie 51

40
55 \ —Specie 52

30
25 AT T T T T m

Moisture & Carrying Capacity

115
110

105 \
100 -
95
90 Carrying
35 \ Capacity
80
75 AT T

Moisture

Fig. 2. Predicted densities, moisture and carrying capacity after 10 years (w=200, m(0)=110,
¢(0)=88, A=0.5, n=0.8, B=0.01, ¥=0.02, @=0.4, ®=0.4)
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3.2 Qualitative Model

Below, a model is introduced whereby a qualitative perspective is taken. Hereby, a
number of dependency rules are specified that indicate how the abiotic world and spe-
cies interact. These dependencies are represented by means of so called leadsto_after
rules (cf. [1]). The format of the leadsto_after rule is as follows:

leadsto_after: INFO_ELEMENT x INFO_ELEMENT x DURATION

indicating that from the first information element the second can be derived, whereby
the second element becomes true after duration d. The truth of information elements
over time is indicated by the at predicate:

at: INFO_ELEMENT x TIME

Which specifies that the information element is true at the given time point. Given
these constructs, properties of states can easily be derived. A simple forward reason-
ing rule is the following:

leadsto_after(I1, 12, D) A at(I1, T) — at(12, T+D)

More specifics about such reasoning rules are given in Section 4. Below, two vari-
ants of a model are specified. One whereby the density of a species depends solely on
the abiotic factors, and one which allows for interaction with other species.

Non-interacting species model. A simple model whereby the densities of species
merely depend upon the moisture level (which in turn is dependent upon the water
level) can be represented using the following leadsto_after rules:

leadsto_after(waterlevel(X), moisture(X), 1) where X can e.g. be low, medium or high.

Furthermore, for the dependency between abiotic factors and the density of the
population, the following (generic) relationship can be identified:

leadsto_after(and(X, abiotic_preference_for(S, X, pos), has_density(S, D1),
next_higher_density(D1, D2)), has_density(S, D2), 1)

leadsto_after(and(X, abiotic_preference_for(S, X, neg), has_density(S, D1),
next_higher_density(D2, D1)), has_density(S, D2), 1)

Hereby, the preferences can be made explicit, for instance the fact that a particular
species prefers high moisture: abiotic_preference_for(species1, moisture(high), pos).

Interacting species model. Not having any influence of the different species residing
at a particular location is not very realistic. Therefore, the model can be extended to
incorporate this factor as well. Hereby, a larger number of leadsto_after rules are re-
quired as more complex interactions occur. Two example rules are shown below.

leadsto_after(and(X, abiotic_preference_for(S1, X, pos),
abiotic_preference_for(S2, X, pos), biotic_preference_for(S1, S2, pos),
has_density(S1, D1), next_higher_density(D1, D2)),
has_density(S1, D2), 1)
leadsto_after(and(X, abiotic_preference_for(S1, X, pos),
abiotic_preference_for(S2, X, neg), biotic_preference_for(S1, S2, neg),
has_density(S1, D1), next_higher_density(D1, D2)),
has_density(S1, D2), 1)
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Hereby, the abiotic interactions can be set in the same way as specified before,
whereas the biotic preferences are explicitly represented, for instance a competition
between two species 1 and 2:

biotic_preference_for(species1, species2, neg) biotic_preference_for(species2, speciesi, neg)
parasitism between species 1 and 2:

biotic_preference_for(species1, species2, pos) biotic_preference_for(species2, species1, neg)
or symbiosis between species 1 and 2:

biotic_preference_for(species1, species2, pos) biotic_preference_for(species2, species1, pos)

4 Decision Support by Model-Based Temporal Reasoning

This section shows how model-based temporal reasoning can be utilized to support
nature park managers in reaching the goals they want to set for a certain nature re-
gion. The model based-reasoning approach is therefore presented first, after which
examples are shown using the qualitative modelling approach. The rules within the
reasoning mechanism are specified in an executable logical format called LEADSTO
[2]. The basic building blocks of this language are temporal causal relations denoted
by 0—» ¢ 1 5 » B, Which means:

if state property o holds for a certain time interval with duration g,
then after some delay (between e and f) state property 8
will hold for a certain time interval of length h.

where o and 3 are state properties of the form ‘conjunction of literals’ (where a literal
is an atom or the negation of an atom), and e, f, g, h non-negative real numbers. The
LEADSTO language features a simulation engine; for more details, see [2].

For both temporal forward and backward simulation well-known reasoning tech-
niques can be applied. An example of a temporal forward reasoning rule is shown
below. Hereby a focusing mechanism is used as well, indicating what information
elements to focus on. How this focusing mechanism is used is stated in the example
case. Note that the subscript below the LEADSTO arrow has been left out, meaning
that the standard parameters 0,0,1,1 are used.

P1: Positive forward simulation
If I holds at T and it is known that I leads to J after duration D, and J is in focus, then the J holds
after D.

VI,J:INFO_ELEMENT VD:DURATION VT:TIME
at(l, T) A leads_to_after(l, J, D) A in_focus(J) — at(J, T+D)

More forward reasoning rules exist, see [1] for more details. For backward reason-
ing the abduction principle can be applied:

P2: Positive backward simulation
If it is believed that J holds at T and that I leads to J after duration D, and I is in focus, then it is be-
lieved that I holds before duration D.

VI,J:INFO_ELEMENT VD:DURATION VT:TIME
at(J, T) A leads_to_after(l, J, D) A in_focus(l) — at(l, T-D)
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The results of applying this rule are not guaranteed to be correct since there could
be multiple leads_to_after rules that cause J to occur. Again, see [1] for more details
and backward simulation rules.

In the example case, two species of plants are considered s; and s,. The density of
the species can have three values: low, medium, and high; for the water level and
moisture the same values are allowed. The specific interactions are listed in Table 1.

Table 1. Density change conditions

Preference of s1for | Preference of s2 | Interaction between | Growth of density of
abiotic factor for abiotic factor | sl and s2 sl

pos pos pos +1

pos pos neg 0

pos neg pos 0

pos neg neg +1

neg pos pos 0

neg pos neg -1

neg neg pos -1

neg neg neg 0

For instance, when looking at the first column in the table, in case s; has a prefer-
ence for the current abiotic circumstances, and so does s,, and they have a positive
interaction, then the density of s; grows by one as well (e.g. from medium to high). Of
course, in case the highest value is reached, the growth no longer occurs. Below, two
specific cases are addressed, one for symbiosis between s; and s,, one for a competi-
tive relationship. Note that it is assumed that at least a low population size of each
species is present. If also no plants of a species would be taken into account the inter-
action between the species would become dependent upon the presence of these spe-
cies. In the quantitative model this information is taken into account.

Symbiosis. The first case considered is symbiosis. Hence, the two plants have a posi-
tive influence upon each other. Furthermore, both plants prefer medium or high mois-
ture, and dislike low moisture. The manager of the park want to find out what would
happen in case he decides to lower the water level in the park. Using forward simula-
tion the proposed support system starts reasoning (given the initial conditions that the
current density of both plants is high, and the water level will be low during the com-
ing 5 years). Figure 3 shows the results. Hereby, the left part of the figure denotes the
atoms that occur during the simulation run, whereas the right side indicates the simu-
lation time line where a dark box indicates the atom is true at that time point, and a
light box indicates false. Note that the arguments in the atoms specify the real world
time points derived, which do not have any relationship with the simulation time.

It can be seen in the trace that at simulation time 1 the predicted moisture levels are
calculated, all being low as well:

at(moisture(low, 1)  at(moisture(low, 2)  at(moisture(low, 3)  at(moisture(low, 4)
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at(has_density(species1, high),
at(has_density(species2, high),

at(waterlevel(low),
waterlevel(low),
waterlevel(low),
waterlevel(low),
waterlevel(low),

at(
at(
at(
at(
at(moisture(low),

at(moisture(low),

at(moisture(low),

at(moisture(low),

at(moisture(low),
at(has_density(species1, medium)
at(has_density(species2, medium),
at(has_density(species1, low),
at(has_density(species2, low),
at(has_density(species1, low),
at(has_density(species2, low),

Fig. 3. Forward reasoning for symbiosis case

35

Furthermore, the densities are calculated. Due to both species disliking the low mois-
ture level, both population densities are predicted to decrease to a medium density

within 2 years:

at(has_density(species1, medium), 1) at(has_density(species2, medium), 1)

After that, the densities will even increase to a low level.

Competition. In the second case, there are two competitive species, whereby s, pre-
fers low moisture, and does not prefer other moisture types, whereas s; prefers non-
low moisture types. The manager of the nature park wants to establish a high level of

focus(waterlevel(medium)
at(has_density(species1, low),
at(has_density(species2, high),

focus(moisture(medium)

focus(waterlevel(low)

at(moisture(low),

at(waterlevel(low),

3
at(moisture(low), 2
2
1

at(moisture(low),

)
4)1
4)1
)
)
focus(moisture(low))
)
)
)
)
)

at(waterlevel(low),

time

Fig. 4. Backward reasoning for competitive case

1
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s, and a low level of s;, to be established after four years. The manager can ask for
advice from the support system, and also has to set a focusing mechanism since the
backward reasoning can deliver a lot of results. Therefore, the manager sets a prefer-
ence for a medium water level, after which a low water level should be considered. In
Figure 4 the resulting trace is shown.

It can be seen that the initial goals of the manager are inputted into the system:

at(has_density(species1, low), 4) at(has_density(species2, high), 4)

Thereafter the reasoning starts (of which only the moisture and water levels are
shown for the sake of brevity). The focus is initially set to a medium water level to
establish the overall goal: focus(waterlevel(medium)). The backward reason does how-
ever not result in possible solutions, therefore the focus is set to a low water level.
Here, a solution is indeed found, namely to immediately set the water level to low
next year, resulting in the goal being reached.

5 Decision Support by Parameterised Temporal Projection

Differential equations for the sensitivities of values of the variables w.r.t. the parame-
ter w are obtained by differentiating the original differential equations for w:

O S5/ MWk = B *s,(t) M [c(t) - al #sy(t) - a2%so(1)] + B *sy(t) * [Sc(t) Hw —
al*3s,(t)/ M - a2*k(t) w]

O O/ MW/ =y %otV M [c(t) - bI%s)(1) - B2%s5(t)] +7*ss(t) * [Ae(t)] M —
b1%3s,(1)/ M - b2*3so(t) Mw]

DA/M Ik =(ndm(t) Mw - d(t) M) * @

dom/w/dk = (A-dm(t)/ ) * O

These equations describe how the values of species s;, s,, moisture m and carrying
capacity ¢ at time point t are sensitive to the change in the value of the water level
parameter w. Figure 2 shows the trend in change of densities of species over 10 years
given the initial values of abiotic circumstance (water level w). Using the following
formula, the nature park manager can determine the change (Aw) in abiotic circum-
stance w to achieve the goal at some specific time point in future.

Aw = [si(w+Aw) — s (w)] / (s /W)

where s;(w+4w) is the desired density at time t, s;(w) the predicted density s; at time
t for water level w, and (ds;/cdw) the change in density of s; at time t against the
change in w. Figure 2 depicts a situation where the densities of species s; and s, are
predicted to decrease, given w = 200. Under these settings the density of species s;
will be 49. If the nature park manager wants to aim it to become 55 after 10 years,
then according to the model described above he or she has to change w to 240 (see
Figure 5).
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Fig. 5. Densities, moisture and carrying capacity over 10 years, after incorporating Aw= 40
(w=240, m(0)=110, c¢(0)=88, A=0.5, n=0.8, B=0.01, yv=0.02, ©=0.4, ®=0.4)

6 Conclusions and Related Work

In this paper, an approach has been presented to support managers of nature parks. In
order to make this support possible, both a quantitative and qualitative approach have
been presented. For both types of models, approaches have been proposed to simulate
populations over time as well as setting a certain goal to be reached within a certain
period, and deriving how the circumstances can be adjusted to achieve these goals. A
qualitative approach has advantages in possibilities for explanation. However, in con-
trast to qualitative approaches, quantitative approaches cover also cases where only
small gradual changes occur that accumulate over time into larger differences. Both
approaches have been extensively evaluated using a dedicated case study.

During the last decade, decision support for nature park managers is an area that
is addressed more and more, often in combination with GIS-systems; see, for exam-
ple, [6]. Some of the more known systems proposed are SELES [4] and EMDS [5;7].
Both approaches allow to take into account spatial aspects, which are not addressed
yet in the current paper. SELES subsumes aspects of cellular automata, discrete event
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simulation, and Markov chains, and is primarily based on stochastic Monte Carlo
simulations, with fewer possibilities for deterministic models. A difference of the
approach put forward in the current paper is that deterministic models are addressed
and that both qualitative and quantitative models are supported. EMDS is a mainly
qualitative approach and has fewer possibilities to take into account the dynamics of
processes over longer time periods. The decision component of EMDS was worked
out based on hierarchical multi-criteria decision making. A difference of the approach
put forward in the current paper is the emphasis on modelling the dynamics of the
processes over time, and the possibility for both qualitative and quantitative models.

Other qualitative models have been proposed as well. Salles et al. [9], for example
introduce a qualitative model for two interacting species. They form a qualitative the-
ory of these interactions, and implement them within the GARP system [3]. Using this
system, a variety of interactions can be simulated using forward simulation. They do
however not address the possibility to perform backward reasoning such as addressed
in this paper. In [8] another qualitative approach is proposed, modelling more com-
plex interactions between populations in a so-called ant’s garden setting. Again, rea-
soning backward in order to determine how a certain desired state can be reached is
not addressed. The authors attempt to run a number of simulations to see whether they
result in the appropriate end result.

References

1. Bosse, T., Both, F., Gerritsen, C., Hoogendoorn, M., Treur, J.: Model-Based Reasoning
Methods within an Ambient Intelligent Agent Model. In: Miihlhduser, M., Ferscha, A.,
Aitenbichler, E. (eds.) Constructing Ambient Intelligence: Aml 2007 Workshops Proceed-
ings. Communications in Computer and Information Science (CCIS), vol. 11, pp. 352-370.
Springer, Heidelberg (2008)

2. Bosse, T., Jonker, C.M., van der Meij, L., Treur, J.: A Language and Environment for
Analysis of Dynamics by Simulation. International Journal of Artificial Intelligence
Tools 16, 435-464 (2007)

3. Bredeweg, B.: Expertise in Qualitative Prediction of Behaviour. PhD thesis. University of
Amsterdam, Amsterdam, The Netherlands (1992)

4. Fall, A., Fall, J.: A Domain-Specific Language for Models of Landscape Dynamics. Eco-
logical Modelling 141, 1-18 (2001); Earlier version: Fall,J., Fall, A.: SELES: A spatially
Explicit Landscape Event Simulator. In: Proc. of the Third International Conference on In-
tegrating GIS and Environmental Modeling, Sante Fe (1996)

5. Girtner, S., Reynolds, K.M., Hessburg, P.F., Hummel, S., Twery, M.: Decision support for
evaluating landscape departure and prioritizing forest management activities in a changing
environment. Forest Ecology and Management 256, 1666—-1676 (2008)

6. Rauscher, H.M., Potter, W.D.: Decision support for ecosystem management and ecological
assessments. In: Jensen, M.E., Bourgeron, P.S. (eds.) A guidebook for integrated ecological
assessments, pp. 162—183. Springer, New York (2001)

7. Reynolds, K.M.: Integrated decision support for sustainable forest management in the
United States: fact or fiction? Computers and Electronics in Agriculture 49, 6-23 (2005)

8. Salles, P., Bredeweg, B., Bensusan, N.: The Ants Garden: Qualitative models of complex
interactions between populations. Ecological Modelling 194(1-3), 90-101 (2006)

9. Salles, P., Bredeweg, B.: Modelling Population and Community Dynamics with Qualitative
Reasoning. Ecological Modelling 195(1-2), 114-128 (2006)



	An Ecological Model-Based Reasoning Model to Support Nature Park Managers
	Introduction
	Domain of Application
	An Example Ecological Model
	Quantitative Model
	Qualitative Model

	Decision Support by Model-Based Temporal Reasoning
	Decision Support by Parameterised Temporal Projection
	Conclusions and Related Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




