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Abstract. The problem of internal migration and its effect on urban un-
employment and underemployment has been the subject of an abundant
theoretical literature on economic development. However, most discussions
have been largely qualitative and have not provided enough rigorous frame-
works with which to analyze the mechanism of labor migration and urban
unemployment. In this paper, we build up an economic behavioral model of
rural-urban migration which is an agent-based version of the analytical To-
daro model described by deterministic ordinary differential equations. The
agent-based model allows to explore the rural-urban labor migration process
and give quantitative results on the equilibrium proportion of the labor force
that is not absorbed by the modern industrial economy.

1 Introduction

Economic development generates significant structural transformations such
as changes in the demographic condition and in the production structure.
The most important structural feature of developing economies is the dis-
tinction between rural and urban sectors and particularly, economic develop-
ment is often defined in terms of the transfer of a large proportion of workers
from agricultural to industrial activities [8]. The study of rural-urban labor
migration has for long been an important area of research in development
economics and a large body of literature has grown up in recent year around
this topic in particular for less developed countries (see [1] for a survey on
the theoretical literature).
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Economic historians agreed that a considerable part of the urban growth
was due to rural-urban migration (see for example [11]). The towns offered
new forms of employment opportunities and it was mainly the landless and
the rural artisan who left and not the farmers [1]. When in the early 1950s
economists turned their attention to the problems of population growth and
economic development in the developing countries, it was natural to think
that policies which emphasized industrialization would not only increase
national incomes, but also relieve the overpopulation of the rural areas.
However, during the 1960s, this view has led to a new orthodoxy in which
rural-urban migration in less developed countries is viewed as “a symptom
of and a contributing factor to underdevelopment”. This orthodoxy is due
to Todaro [10] and Harris-Todaro [6] whose models have provided a widely
accepted theoretical framework for explaining the urban unemployment in
less developed countries. The Todaro article [10] on urban unemployment in
less-developed countries is an important advance in the study of this problem
and although there has been some controversy on specific points, it has been
widely applied to investigate various development issues. The key hypothesis
of Todaro are that migrants react to economic incentives, earnings differen-
tials and the probability of getting a job at the destination have influence on
the migration decision. From these assumptions is deduced that the migra-
tory dynamics in certain parametric ranges lead the economic system towards
an equilibrium with urban concentration and high urban unemployment (the
Todaro Paradox). The paradox is due to the assumptions that in choosing
between labor markets, rural workers consider expected rather than current
income differential . The expected income in the urban area is the fixed wage
in the urban modern sector (formal sector) times the probability of obtaining
a permanent job in this sector. This probability is defined as the number of
opened jobs in the formal sector divided by the number of job seekers in the
urban area. Since expected urban income is defined in terms of both wage and
employment probability, in this model, it is possible to have continued migra-
tion in spite of the existence of sizeable rates of urban unemployment. Now
assuming rural migrants respond to the employment probability, the Todaro
model then demonstrates that an increase in urban employment may result
in higher levels of urban unemployment. The repercussion of this simple set
of assumptions is that contrary to received wisdom, the migration response
which is factored in several policies aimed at reducing urban unemployment
will raise urban unemployment rather than reduce it.

Todaro works have generated considerable discussions [2,4,5,7,9,12] from
which it has been accepted in the literature that Todaro model (1969) predicts
too high an unemployment rate in developing countries compared to observed
rates and accordingly additional features have been incorporated to the basic
model with a view to generate lower predictions.

In this paper, we propose to revisit the Todaro dynamic model from an
agent-based approach. The migration agent-based model we conceive is the
simplest version derived from the basic analytic model of Todaro [10]. It is
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formulated too close to the analytic model so that comparisons between the
two approaches results can be made. The aim of such a formulation is to
reproduce explicitly the migratory dynamics at individuals scale and analyze
and visualize migration process. By simulating the agent based model, we
explore the behavior of the model and hence check if from an agent-based
approach the Todaro paradox holds or not.

The paper is organized as follows: in section 2, we recall the theoretical
Todaro model. Section 3 is devoted to the agent-based model constructed
from the Todaro model. We first present the simulator model and then de-
scribe the structure of the simulator. Section 4 presents the scenarios tests
and the simulations results followed by a discussion. A conclusion is presented
in section 5.

2 The Todaro Model

In the Todaro model [10], migration is viewed as a two-stage phenomenon:
the first stage finds the unskilled rural worker migrating to an urban area and
joining a large pool of unemployed and underemployed workers who arrived
in town earlier and still are waiting for a modern sector job. This pool is the
so-called “urban traditional sector” or “informal sector”. It is modelled as
an unproductive and stagnant sector serving as a refuge for the urban unem-
ployed and as a receiving station for newly arriving rural migrants on their
way to the formal sector jobs. The second stage is reached with attainment
of a permanent job in the so-called “modern sector” or “formal sector”. The
decision to migrate from rural to urban areas will be functionally related to
two principal variables: (1) the urban-rural real income differential and (2)
the probability of obtaining a permanent urban job. Hence, the equation for
growth of aggregate labor supply in the urban area is:

dS(t)
S(t)

= {βu + π(t)F (Δ(t))} dt (1)

with

Δ(t) =
Yu(t) − Yr(t)

Yr(t)

where S(t) is the size of the total urban labor force in period t, βu the natural
rate of increase in the urban labor force and π(t) the probability of obtaining
a job in the “formal sector” in period t. Yr(t) is the net rural real income
in period t while Yu(t) is the net urban real income in period t. F (Δ(t))
is a function such that dF/dΔ > 0. Δ(t) is the percentage urban-rural real
income differential and the product π(t)F (Δ(t)) represents the rate of urban
labor force increase as a result of migration.

As mentioned earlier, the probability π(t) of obtaining a job in the “formal
sector” is defined as being equal to the ratio of new employment openings in
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the “formal sector” relative to the number of accumulated job seekers in the
urban informal sector at date t, that is:

π(t) =
γN(t)

S(t) − N(t)
(2)

with N(t) the total employment in the urban sector in period t and γ the
rate of job creation in this sector. The difference S(t) − N(t) measures the
size of the “informal sector”.

The model considers that the number of new jobs created increases at a
constant exponential rate over time, specifically

dN(t)
N(t)

= γ dt. (3)

The proportion of the urban labor force employed in the formal sector at
time t (the employment rate) is denoted by E(t), where

E(t) =
N(t)
S(t)

. (4)

and the proportionate size of the urban informal sector (unemployment rate)
is denoted by T (t):

T (t) = 1 − E(t). (5)

Todaro [10] solves for the equilibrium rate of employment E∗ in the simple
case that the income differential D(t) remains constant over time ie D(t) = D
and F (D) = D. He solves for:

dE

E
(t) =

dN

N
(t) − dS

S
(t) = 0. (6)

The solution for E∗ is:
E∗ =

γ − β

γΔ + γ − β
(7)

and alternatively, the equilibrium rate of unemployment in the urban sector
is simply:

T ∗ = 1 − γ − β

γΔ + γ − β
. (8)

Todaro claims that this equilibrium is stable. His intuition behind the equa-
tions above can be explained as follows:
for a developing country in the very early stages of industrialization such
that almost the entire population resides in rural areas, when the urbaniza-
tion process is just beginning, the pool of the urban unemployed is relatively
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small so that the probability of obtaining a job is high. Therefore, for a sig-
nificantly positive Δ and a positive rate of urban job creation exceeding the
natural rate of urban population growth (ie γ > β), the resulting urban ex-
pected real income induces rural-urban migration such that the urban labor
force grows at a faster rate than that of job creation, that is, β + π(t)Δ > γ.
This more rapid growth of labor supply results in an increase in the size of
the urban traditional sector with the result that the probability of a rural
migrant finding a job in the next period is lower (π(t + 1) < π(t)). Assum-
ing Δ and γ remain constant, this lower probability should slow down the
rate of urban labor force growth although dS(t)/S(t) may continue to exceed
dN(t)/N(t). Eventually, π(t) stabilizes the urban unemployment rate at some
level 1 − E∗ depending upon the values of Δ, β and γ. If the unemployment
rate falls below 1−E∗, equilibrating forces in the form of rising π will be set
in motion to restore the equilibrium.

3 The Migration Agent-Based Model

3.1 The Simulator Model

In this section, we formulate an agent-based version of the Todaro model
presented above. For this purpose, we consider an economic system formed
by two sectors: a rural sector with a labor force of size Nr and an urban sector
with a labor force of size Nu. In turn, the urban sector is divided into a formal
sector of size Nf and an informal sector of size Ni so that Nu = Nf + Ni. As
argued in Todaro [10], individuals in the rural sector take their decisions of
migrating or not by considering the differential of their real income between
their present sector and the sector they intend to go (the urban formal sector),
and their probability of obtaining a job in the latter. So in our agent-based
formulation, each individual i in the rural sector (1 ≤ i ≤ Nr) will evaluate at
date t his percentage urban-rural real income differential Δi(t) = Y i

u(t)−Y i
r (t)

Y i
r (t)

and his probability πi(t) of obtaining an urban job in period t. If both Δi(t)
and πi(t) are strictly positive, the rural worker i will migrate with probability
Pi(t) = Δi(t)πi(t), elsewhere, he will remain in his sector.

Similarly to Todaro, we consider the simplifying assumptions that the per-
centages urban-rural real income differentials for rural individuals are as-
sumed to be constant over time and probabilities of urban employment are
not individualized, namely, Δi(t) = Δ and πi(t) = π(t) for 1 ≤ i ≤ Nr. This
is for being able to make a comparison between Todaro and our simulations
conclusions. Nevertheless, a richer agent-based model which generalizes this
version will be presented in a future work.

Based on the Todaro assumption that a rural migrant might spend a
certain period of time in the urban informal sector before reaching the ur-
ban formal sector, in our model we consider no direct move from rural to
the formal urban sector. The dynamics of individuals between sectors are:
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migration from rural sector to informal sector, transition from informal sec-
tor to formal sector or inversely from formal sector to informal sector. From
this, π(t) can be regarded as the probability of transition from informal sector
to the formal one. Using our notations, formula for π(t) given in (2) becomes

π(t) =
γNf(t)
Ni(t)

(9)

with γ the rate of job creation considered constant along a period of sim-
ulation. Employment and unemployment rates defined in (4 ) and (5) are
given by:

E(t) = Nf (t)
Nf (t)+Ni(t)

and T (t) = 1 − E(t).

To carry out the simulation of this economic system, workers are placed in the
3 different sectors according initial chosen values for Nr, Nf and Ni. Given
the values of parameters Δ , βu (rate of natural growth) and γ , the first step
in the simulation is to add to urban informal sector the new seekers for jobs
as a result of natural urban labor force growth at the rate βu. Then, the prob-
ability of finding a job π(t) is calculated using (9). If π(t) is strictly positive,
a fraction of individuals in the urban informal sector are selected randomly
to join the formal urban sector, each with probability π(t). If π(t) < 0 (due
to a negative value of γ expressing jobs suppression), a fraction of individuals
in the urban formal sector would be ejected to the informal sector with prob-
ability −π(t) . When π(t) = 0, no change takes place. Then, if both Δ and
π(t) are strictly positive, every individual i in the rural sector is a potential
migrant with probability P (t) = Δπ(t). Otherwise, individual i in the rural
sector does not migrate. To conclude the transition process from one sector
to another one, a random number is generated from an uniform distribution
on ]0,1[. If this number is less than the transition probability assessed for an
individual, than the transition of the corresponding individual holds, other-
wise, no change takes place. Hence, a new sectorial configuration is obtained.
Knowledge of the new populations allows the system to be reset. Therefore,
the state variables of the sectors have to be calculated again and the whole
procedure will be repeated as many times as we set in the simulation.

3.2 Internal Structure

The simulator proposed is a tool of experiment intended to represent virtually
rural-urban migration by three sectors (rural sector, urban formal sector,
urban informal sector) and their interactions. We use the platform Cormas for
its implementation [3]. Generally, Cormas describes models by: spatial entities
to represent the geographic space, social entities to describe the actors and
passive entities for the rest of the models elements. For our migration model,
the classes Space and Sector are spatial entities while classes Individual
and Group are social entities. Migration class is the model class that is used
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Fig. 1 Class diagram

Fig. 2 The dynamic of Individuals

to manage the sequences of individual actions and the space (Fig. 1). The
dynamic of individuals transitions between the three sectors is summarized
in Fig. 2.

Our migration individual-based model is implemented in the Object-
Oriented language Smalltalk using Visual Works Environment.Time evolves
in a discrete way by steps �t.

3.3 Interface

The simulator is provided with a three windows-interface:

(i) the first window allows to initialize, run and visualize evolution of
the sectors and different indicators of migration (Fig. 3),
(ii) the second window allows the user the set up of the global variables and
parameters (Fig. 4),
(iii) the third window is the simulation space, it shows the situation of the
different sectors in time (Fig. 5).
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Fig. 3 The simulator interface: window 1

Fig. 4 The simulator interface: window 2
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Fig. 5 The simulator interface: window 3. The rural sector is in green (its inhab-
itants are colored in blue), the urban informal sector is in yellow (its inhabitants
are colored in yellow) and the urban formal sector is in red (its inhabitants are in
black).

The simulator permits to undertake simulations for a large range of pa-
rameters. It has also been performed in order to visualize and quantify the
evolution of some migration indicators (rural sector size, formal sector size,
informal sector size, employment rate, unemployment rate).

4 The Simulations

4.1 The Scenarios Tested

The migration agent-based model has been conceived to perform simulations
for a large parametric range. Here in this paper, we focus on the more inter-
esting case from the economic point of view: the case of a significative positive
percentage urban-rural real income differential (Δ > 0) and a positive rate of
urban job creation that exceeds the natural rate of urban population growth
(γ > βu). Our aim in simulating this case is double goal: first, we attempt
to quantify the effects of the two factors Δ and γ on the migration process and
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unemployment and, second, we explore the behavior of the model to check if
the Todaro Paradox is emergent property of our model. For these purposes,
we perform simulations for different magnitudes of the parameters Δ and γ:
Δ = 0.5 that is Yu = 1.5Yr, Δ = 1 (Yu = 2Yr) and Δ = 2 (Yu = 3Yr),
γ = 0.1 illustrating a high rate of urban job creation, γ = 0.05 illustrating
an average urban job creation rate and γ = 0.03 an urban job creation rate
proche to the natural urban labor growth βu. These scenarios are tested for
the following fixed initial condition Nr = 5000, Ni = 500, Nf = 100 and
βu = 0.02 a realistic value for labor natural growth rate in less developed
countries. We point out that 10 runs of the simulation have been performed
for each scenario to damp out randomness embodied in the simulator. Hence,
each simulation result presented in the next subsection is an average of 10
repetitions.

4.2 Simulations Results

Simulations in Fig. 7 and Fig. 8 show the decrease of the initial unemploy-
ment rate and its convergence to 0. They also show the higher the rate of
urban job creation, the faster the convergence. For instance, when γ = 0.1,
unemployment rate reaches the equilibrium 0 after only 50 simulation steps
while for γ = 0.05, the value 0 is reached after 100 simulation steps and later
when γ = 0.03. Fig. 6 shows the final sectors situation when Δ = 1 and
γ = 0.05, it illustrates the fact that for the combination (Δ > 0 and γ > β),
the formal sector, in long run, absorbs all the labor force surplus in the eco-
nomic system. Fig. 8 shows clearly the effects of the urban-rural real income

Fig. 6 Initial situation in the three sectors when Δ = 1, γ = 0.05 and Ni = 1000
(on the left). The three sectors situation after T = 200Δt (on the right).
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Fig. 7 Unemployment rate evolution in time for different values of γ: γ = 0.1 (solid
line); γ = 0.05 (dashed line) and γ = 0.03 (dotted line).

differential Δ on the migration process, namely, an increase in Δ increases
unemployment rate before converging to 0 and slows the convergence process
towards equilibrium. These effects are better observed when Δ is significative
and γ small. Fig. 9 shows the transitional dynamics and the long run equilib-
rium of the system through the three sectors evolution. Indeed, graphics in
Fig. 9 show that for a positive urban-real income differential and a positive
rate of urban job creation exceeding natural urban growth rate, there is a net
migration towards urban sector. This migration is represented by a decline in
the rural sector population and an increase in the informal sector population.
It is clearly shown that the rate of decrease (respectively increase) of the rural
sector size (respectively the informal sector size) is directly related to both
Δ and γ. Graphics in Fig. 9 also show that in a first stage the formal sector
grows but slower than the informal sector, this is due to migration which
makes the urban labor force growing faster than job creation. This results in
lower probabilities of migration and hence a decrease of the migration rate in
the next stage. Indeed, we can observe after a certain time, the equalization
of the formal and informal sectors sizes followed by a decrease in the size
of the informal sector till extinction and a continuous growth of the formal
sector size until it stabilizes. It is also observed that the formal sector size at
equilibrium reaches a higher value and takes more time for such outcome for
a higher urban-rural income and a smaller rate of urban job creation. Fig. 10
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Fig. 8 Unemployment rate evolution in time for different values of Δ: Δ = 0.5
(solid line), Δ = 1 (dashed line) and Δ = 2 (dotted line).

illustrates the case of a positive percentage urban-rural real income differ-
ential Δ with an urban job creation rate positive but less than the natural
rate of growth in the urban labor force (γ < βu). It is shown in this case
that the unemployment rate increases progressively to converge to 1 (see (a)
in Fig. 10). The graphic of the rural population size evolution shows at first
a decrease in the population due to the rural-urban migration but after a
certain time, migration stops and the rural population size stabilizes. Notice
the large size of the informal sector in this case and the inability of the formal
sector in absorbing the large labor force accumulated in the informal sector.

4.3 Discussion

The simulation of the migration agent-based model shows that a positive
percentage urban-rural real income differential (Δ > 0) and a rate of
urban job creation exceeding the natural rate of urban population growth
(γ > βu) lead the economic system to an equilibrium characterized by a
null unemployment rate (full employment). Indeed, simulations show that in
the first stage of the urban development, the combination (Δ > 0 and γ > βu)



An Agent-Based Implementation of the Todaro Model 263

Fig. 9 Sectors evolution in time: urban formal sector (solid line); urban informal
sector (dashed line) and rural urban sector (dotted line).

induces rural-urban migration such that the urban labor force grows at a
faster rate than that of job creation, that is βu + Δ

γNf (t)
Ni(t)

> γ. This growth
of labor supply results in an increase in the size of the informal sector with
the consequence that the probability of finding a job in the next period is
lower. Till now, our simulations results agree with the intuitive explanation of
Todaro presented in section 2. But differently to Todaro intuition, simulations
show clearly that the lower probability of obtaining an urban job slows down
the migration rate and hence the rate of urban labor force such that from a
certain threshold, the rate of urban job creation will irreversibly exceed the
urban labor force (γ > βu + D

γNf (t)
Ni(t)

) leading at long run to an equilibrium
in which the formal sector absorbs all the urban labor force of the informal
sector. But as soon as γ < βu, the resulting equilibrium is unemployment 1.

On another hand, simulations have permitted to test implications of accel-
erated industrial growth and alternative rural-urban real income differentials.
It has been shown that a high urban job creation rate has the effect of ac-
celerating the convergence of the system to the full employment equilibrium
while a high percentage urban-rural real income differential, through inciting
to migration, has the opposite effect.
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Fig. 10 (a) Employment (solid line) and unemployment (dashed line) rates evo-
lution in time for Δ = 1, γ = 0.01, βu = 0.02, Nr = 500, Nf = 20, Ni = 20, (b)
the rural sector evolution, (c) the urban informal sector evolution, (d) the urban
formal sector evolution.

5 Conclusion

In this paper, we have conceived and implemented an agent-based model
to study rural-urban labor migration in developing countries. This agent-
based model has been derived from the analytic model of Todaro described
by ordinary differential equations representing the links between rural-urban
migration and urban unemployment. The agent-based model permits the
analysis and visualization of the migration process for a large parametric
range. It is also performed in order to give many quantitative results on
equilibrium sectors sizes, equilibrium employment and unemployment rates.

Our main result in this paper is that the Todaro Paradox does not hold
in the long run. Indeed, simulations results stemmed from our agent-based
model show that as long as the urban job creation rate exceeds the natural
urban labor force growth, the economic system converges to an equilibrium
characterized by an unemployment rate 0 although the urban-rural real in-
come differential is high and induces too much migration. Even if this finding
is in contrast with the classical result of Todaro where inter-labor market
(rural-urban) equilibrium mandates urban unemployment, it sustains many
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works (see for instance [7], [12]) reporting that Todaro model predicts too
high an employment rate in less developed countries.

Acknowledgements. The authors would like to thank the anonymous referees
for their pertinent and useful comments.

References

1. Bhattacharya, B.: Rural-urban migration in economic development. Journal of
economic surveys 7(3), 243–281 (1993)

2. Blomqvist, A.G.: Urban job creation and unemployment in LDCs: Todaro vs
Harris and Todaro. Journal of Development Economics 5(1), 3–18 (1978)

3. Bousquet, F., Bakam, I., Proton, H., Le Page, C.: Cormas: common-pool re-
sources and multi-agent systems. In: Mira, J., Moonis, A., de Pobil, A.P. (eds.)
IEA/AIE 1998. LNCS(LNAI), vol. 1416, pp. 826–837. Springer, Heidelberg
(1998)

4. Collier, P.: Migration and unemployment, a general equilibrium analysis applied
to Tanzania. Oxford Economic Papers 31, 205–236 (1979)

5. Fields, G.S.: Rural-urban migration, urban unemployment and underemploy-
ment, and job-search activity in LDCs. Journal of Development Economics 2(2),
165–187 (1975)

6. Harris, J.R., Todaro, M.P.: Migration, unemployment and development: a two-
sector analysis. The American Economic Review 60, 126–142 (1970)

7. Mazumdar, D.: The theory of urban unemployment in less developed countries.
World Bank Staff Working Paper 1980 (1975)

8. Ranis, G., Fei, J.C.H.: Development of the labor-surplus economy: theory and
policy. Homewood (1964)

9. Stiglitz, J.E.: Rural-urban migration, surplus labour and the relationship be-
tween urban and rural wages. Easter Africa Economic Review 1(2), 1–27 (1969)

10. Todaro, M.P.: A model of labour migration and urban unemployment in less
developed countries. The American Economic Review 59(1), 138–148 (1969)

11. Weber, A.: The growth of cities in the nineteenth century: A study in statistics,
New York, pp. 184–186 (1899)

12. Zarembka, P.: Labour migration and urban unemployment: comment. Ameri-
can Economic Review 60(1), 184–186 (1970)


	An Agent-Based Implementation of the Todaro Model
	Introduction
	The Todaro Model
	The Migration Agent-Based Model
	The Simulator Model
	Internal Structure
	Interface

	The Simulations
	The Scenarios Tested
	Simulations Results
	Discussion

	Conclusion
	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
  /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 149
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




