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ABSTRACT 
 

Scientific analysis of crime hot spots is essential in preventing and/or suppressing crime. However, results could be different 
depending on the analytic methods, which highlights the importance of choosing adequate tools. The purpose of this study was to 
introduce two advanced techniques for detecting crime hot spots, GAM and Local Moran’s I, hoping for more police agencies to 
adopt better techniques.GAM controls for the number of population in study regions, but local Moran’s I does not. That is, GAM 
detects high crime rate areas, whereas local Moran’s I identifies high crime volume areas. For GAM, physical disorder was used as 
a proxy measure for population at risk based on the logic of the broken windows theory. Different regions were identified as hot 
spots. Although GAM is generally regarded as a more advanced method in that it controls for population, it’s usage is limited to only 
point data. Local Moran’s I is adequate for zonal data, but suffers from the unavoidable MAUP(Modifiable Areal Unit Problem).  
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1. INTRODUCTION 
 

 It is widely known that criminal justice practitioners and 
researchers have long realized the importance of identifying 
unusual crime clusters (hereinafter “hot spots”) that may 
facilitate efficient distribution of police manpower and material  
resources and help theoreticians to explore the underlying 
socioeconomic conditions around the hot spot areas[1]. 
Unfortunately, however, such simple methods as plotting crime 
locations on a base map[2] and visually interpreting the 
incident distribution[3] still remain as the preferred technique 
for most law enforcement agencies in Korea. It would not be 
easy to exactly interpret the point pattern because, for example, 
some repeated incidents on the same or close location may be 
represented as one incident[1]. Although the Korean police 
have been trying to adopt more sophisticated computer-aided 
detection techniques, more advanced and data-relevant methods 
must be addressed to overcome the misleading interpretations 
of the simple visual techniques.   

The Broken Windows theory, conceptual background of this 
study, posits that physical disorder (e.g., weed, trash, poorly 
maintained houses, etc.) increases serious crime if it remains 
unfixed for a while[4]. Such macrolevel criminological inquiry 
must consider spatial dynamics of crime and its related 
multivariate factors such as concentrated disadvantage, 
immigrant concentration, residential instability, and so on[5][6]. 
As a preliminary step, however, this study focused on exploring 
hot spots of serious violent crime using two advanced methods, 
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GAM (Geographical Analysis Machine)[7] and Local Moran’s 
I[8]. The primary independent variable of interest, physical 
disorder, served as a proxy measure for the underlying variation 
of population at risk for the analysis of GAM.   

In sum, the purpose of this study was to introduce the two 
advanced techniques for detecting crime hot spots, GAM and 
Local Moran’s I, hoping for more police agencies to adopt 
better techniques. To this end, data collected in Lansing, 
Michigan, were analyzed. Since the two techniques use 
different types of data1, the author further attempted to examine 
if there is any substantial location difference between the hot 
spots identified by the two methods. Prior to analyses, brief 
description of data, measure, and distribution is introduced with 
some visualizing maps.      

 
 

2. DATA AND MEASURE 
 

Violent crime data were obtained from the Lansing Police 
Department Incident Report for 2002. There were 1036 violent 
incidents including homicide, aggravated assault, rape, and 
robbery, which are all serious FBI index crimes. The reason the 
author aggregated only serious index crimes came from the 
logic of the Broken Windows metaphor that using non-serious 
crime as the response variable may end up with tautology 
because the physical and social disorder (another primary 
independent variable in the theory: e.g., panhandling, fighting, 
drug dealing, shouting, prostitution, etc.) appear to measure the 
same phenomena as the dependent variable does[9]. 

The violent crime data were stored in two different formats 
                                            
1 GAM uses point pattern data having information on exact locations 
and Local Moran’s I requires aggregated zonal data. 

http://dx.doi.org/10.5392/IJoC.2012.8.2.089 
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for the two techniques respectively: point data and areal data. 
The city of Lansing has 115 Census blockgroups and the 1036 
violent crimes were aggregated into the corresponding zones. 
Fig. 1 represents the dot and choropleth maps of Lansing 
violent crime for the year 2002 2 . Overall, several areas 
including the “Chestnut area” (northwestern area of the State 
Capitol) appeared to suffer from the concentrated violent crime 
problem. Although the choropleth map generally showed a 
similar pattern to the dot map, some blockgroups (particularly 
big ones) seemed to exaggerate or understate the actual 
concentration. 

 

 

 
Fig. 1. Dot and choropleth maps of Lansing violent crime for 

2002 

                                            
2 Free-distributed statistical program, R, and spatial statistical program, 
ArcView were used for this paper. Boundary of the first map (one 
polygon) was created by using “getpoly” function in splancs library and 
the second base map was transformed from a shape in ArcView to a 
polygon object by using “Map2poly” function in maptools library.  

This could partly be related to the shading scheme3 or the 
misleading issue of the visualized dot map. Also, the infamous 
Modifiable Areal Unit Problem (MAUP) originated from the 
arbitrarily defined Census track areas could be another 
factor[10]. These intrinsic problems of visualizing techniques 
made it necessary to adopt more sophisticated exploratory 
methods to identify more realistic hot spots in a more 
systematic and scientific way. 

 

      

 
Fig. 2. Dot maps of Lansing physical disorder and violent 

crime for 2002 
 
On the other hand, the physical disorder information was 

acquired from the Lansing Code Compliance Department. It 
contained weed, trash, damaged motor vehicles, and tagged 
houses, all of which were appropriate indicators of physical 
disorder according to the Broken Windows theory[4][9]. A total 
of 2648 cases were reported in 2002. The first map of Fig. 2 

                                            
3 Quantile shading was used in this case. 



 

 

shows the poin
one represent
physical disor
crime and phy
to be more dis
higher level of

Since the ph
underlying pop
random samp
Unfortunately,
plausible criti
prevalent in c
could have be
reporting coul
However, it w
for the physica
problem.     

 
 

 
3.1 GAM  

GAM has b
since 1987 as 
pattern data. I
also the visu
practitioners w
it looks for ho
across the s
distribution o
problem, as s
serve as an
distribution at 
a sense, furthe
specific points
problematic, w
the spatial pro
population dis

First, the au
the events (vio
the total sum 
risk = physica
crime was .2
calculate the 
multiplying th
background ra
compared to t
using the Pois
level (p-value
different. Whe
general rule), 
anomalously h
kernel smooth

                
4 1036 / (1036 +
5 Expected num
physical disorde
6 “ppois” functi
7 The function 
estimate kernel 

Ji

nt distribution o
ts the distribut
rder. Although 
ysical disorder 
spersed, and som
f crime than phy
hysical disorde
pulation at risk

ple of the actu
, however, it w
cal issue was 

crime-related re
een dropped ou
ld have been b

would be much l
al disorder is ge

     

3. METHODS

been developed
an automated d
t has a good le
ualized results

without having m
ot spots centere
study region, 
f population a
shown above, 
n appropriate 

risk for it is m
er, assuming tha
s and treating 
which provides
ocess of physic
stribution at risk
uthor calculate
olent crime) by
of number of 

al disorder). Th
2814. Next, th

expected num
he total sum 
ate5. Finally, th
the observed nu
sson distributio
e) indicating h
en the p-value f
the circle was 

high rates of vi
hing method7, th

                
+ 2648) = 1036 / 

mber of violent cr
er) * .2812 
ion in spatstat libr

of “kernel2d” 
intensity in this 

inseong Cheong

Intern

of physical diso
tions of both 
the overall dist
looked similar,
me areas seeme
ysical disorder.

er was used as 
k, the 2648 case
ual pattern of 

was more like a 
the “dark figu
esearch area. T
ut of the report
iased against p
less problematic
enerally perceiv

S AND ANALY

d by Openshaw
detector of loca
evel of academi
s can be eas
much expert kn
ed at points on

controlling f
at risk. Except
the physical d
proxy measu

ore common th
at population va
them as a poin
s another flexib
cal disorder as 
k[10].   
ed the overall b
y dividing the n
events and con
he background 
his background

mber of events 
of events an

he expected num
umber of event
on6, which prod
how much the
for a circle was
retained as an

iolent crime. M
he results could

            
3684 = .2812 
rime for each cir

rary was used.  
in splancs librar
study. It employ

g : Detecting C

national Journa

order and the se
violent crime

tributions of vi
, the latter appe
ed to have relat
   
a proxy measu

es had to repres
f physical diso

population, an
re” problem th

That is, some c
ting and furthe

poor neighborho
c than that of cr
ved as a less se

YSIS 

w and his collea
al hot spots for p
ic respectability
sily interpreted
nowledge. Basic
n a dense grid m
for the under
t the “dark fig
disorder could 
ure of popul
han violent crim
alues are center
nt pattern woul
ble reason to u
a surrogate fo

background rat
number of even
ntrols (populatio

rate for the vi
d rate was use

for each circl
nd controls by
mber of events
ts within each c
duced a probab

e two numbers
s less than .05 

n anomaly that 
Meanwhile, usin

d be visualized.

rcle = (violent cri

ry in R was us
ys edge correction

Crime Hot Spots

al of Contents, 

econd 
 and 
iolent 
eared 
tively 

ure of 
sent a 
order. 
nd the 
hat is 
cases 

er the 
oods. 
rime, 

erious 

agues 
point 
y and 
d by 
cally, 
mesh 
lying 
gure” 

well 
lation 

me. In 
red at 
ld be 
using 

or the 

te for 
nts by 
on at 
iolent 
ed to 
le by 
y the 
s was 
circle 
bility 
s are 
(as a 
have 
g the 
. The 

ime + 

sed to 
n and 

kern
(ban
resu
diffe
3000
num
large
seco
map
four
crim
area
com
I lat

T
pote
addr
stati
spot
vari
mor
back
the 
cont
corr
the 
viol
mult

3.2 M
O

patte
part
uses
bloc
the 
aggr
proc
gene
whe
the f

    
prov
circl
simp
phys
crim
8 22
386 
9 Ac
to id
glob

 Using GAM an

Vol.8, No.2, Jun

nel technique 
ndwidth) of the
ulting number 
erent maps tha
0 meters. Read

mber of anomal
er, the kernel 

ond maps seem
ps appeared to
rth map appeare

me. Several area
as were consist

mpared to their c
er in this sectio
his method is

ential hot spots
ressed. First, G
istically confirm
ts or not. Also,
able, or physic

re like correl
kground rates m
above results 

trol, it would al
responding Cen

important un
ated for the 
tiple testing pro

Moran’s I 
Often times it 

ern analysis d
icular, macrole
s aggregated da
ck, Census tract

most commo
regated zonal 
cess. More spe
eral notion of s
ere within a reg
formula for glo

                
vides a useful visu
es[10]. However

ply indicates vio
sical disorder, wh

me.    
2 for R=500, 33
for R=2500, 388 
ccording to Ansel
dentify local clust
al I. However, th

nd Local Moran

n 2012 

allowed the a
e kernel disc, w
of anomalies a

at have differen
ders must note
ies8. It was cle
map gets mo

med to be too p
 be too smoo
ed to best reflec
as including th
tently shown t
counterparts pr

on.   
s certainly a 
s of crime, but
GAM is an exp
m whether the d
 in relation to 
cal disorder, is
lation than c
may produce di
were produced

lso have been p
nsus blockgrou
nderlying assum
circles are ov
oblem.       

is impossible 
due to the una
evel research in
ata to a certain
t, city, county, s

only used exp
data to ident

cifically, while
patial autocorre

gion such assoc
bal I and local 

                
ual indication of t
r, it is different 
olent crime spots
hich does not ne

0 for R=1000, 3
for R=3000 

lin[8], the local I 
ters and also outl

his study focused 

n’s I 

author to chan
which heavily 
and maps. Fig
nt radius from 
e that each map
ear that as the b
ore smoothed. 
picky and the 

othed. Overall, 
ct the real hot s

he Chestnut and
to be hot spot
roduced by the 

useful tool f
t has several p
ploratory meth
detected locatio
the first issue, 
s controlled fo
causation. Fur
ifferent results.
d using the ci
possible to use 

up to the grid p
mption of ind

verlapped, whi
            

to perform th
availability of 
n social science
n unit of analy
state, etc.). Mor
ploratory meth
tify the second
e global Moran
elation, local M
iation happens9

I. 

 

                
the overall trend o

from the kerne
s that are not e
ecessarily tell act

46 for R=1500, 

has two function
liers that heavily 
on identifying loc

91

nge the radius
influenced the

g. 3 shows six
500 meters to

p has different
bandwidth gets
The first and
fifth and sixth
the third and

spots of violent
d State Capitol
ts, which were
Local Moran’s

for identifying
problems to be
hod that cannot
ons are real hot
since only one
r, the result is
rther, varying
 That is, while

itywide rate as
the rate for the
points. Finally,
dependence is
ch causes the
   

he above point
point data. In
 almost always

ysis (e.g., street
ran’s I is one of
ods for those
d-order spatial

n’s I provides a
Moran’s I shows

9[8]. Below are

                
of the anomalous
l ratio map that

explained by the
tual hot spots of

392 for R=2000,

ns: it may be used
contribute to the
cal clusters.  

s 
e 
x 
o 
t 
s 
d 
h 
d 
t 
l 
e 
s 

g 
e 
t 
t 
e 
s 
g 
e 
s 
e 
, 
s 
e 

t 
n 
s 
t 
f 
e 
l 
a 
s 
e 

           

 
s 
t 
e 
f 

, 

d 
e 

 



92 Jinseong Cheong : Detecting Crime Hot Spots Using GAM and Local Moran’s I 
 

International Journal of Contents, Vol.8, No.2, Jun 2012 

     

 

      

 

      

 
Fig. 3. Potential GAM hot spots of violent crime 

 
The local I statistic decomposes the global I into 

contributions for each location, Ii. The sum of Ii for all 
observations is proportional to the global I[8]. Once the global I 

indicates there is a spatial autocorrelation in the study region, 
the local values of I must be examined to identify the potential 
hot spots.   
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To perform this technique, the author first aggregated the 
point data of violent crime into 115 Census blockgroups. The 
second map in Fig. 1 shows the quantile-shaded distribution of 
violent crime. Then, the author calculated the global I using 3, 
5, and 15 nearest neighbors respectively, giving equal weights 
for all nearest neighbors 10 . Both randomization and 
permutation test were performed to check if the statistics were 
significant or not11[8][10]. Table 1 contains the result. As the 
number of nearest neighbors increased, the global I statistics 
became smaller. However, all the test statistics were significant 
for both randomization and permutation tests, which suggested 
that there is a global autocorrelation of violent crime in Lansing. 

 
Table 1. Global I statistics using equal weights for all nearest 
neighbors 

Nearest 
neighbors 

Moran’s I 
randomization 

z p Moran’s I 
permutation 

p 

3 .249 3.70 .00 .249 .01

5 .188 3.65 .00 .188 .01

15 .118 4.30 .00 .118 .01

 
 
Thus, the author further examined where the local hot spots 

exist by analyzing the local I for the 115 Lansing blockgroups. 
Attached are the results for 3 and 5 nearest neighbors 
respectively that contain local I values, mean, variance, and 
their corresponding values of z-score, and probability. Quantile 
shaded maps are also provided in Fig. 4. The local I for 3 
nearest neighbors ranged from -1.82 to 2.55 and that for 5 
nearest neighbors ranged from -2.4 to 2.05. Although the two 
maps seemed to be somewhat different, the overall distribution 
looked very similar. Moreover, since there was no clear 
criterion to judge which one is better, further analysis was 
based on the proximity measure of 3 nearest neighbors. 
Readers must note that, like the global I statistics, the negative 
local I indicates spatial clustering of dissimilar values12 and the 
positive local I represents a clustering of similar values of 
either high or low[8]. Thus, the red-shaded areas are likely to 
be the potential clusters.  

    

                                            
10 Other weighting schemes such as “inverse distance weighting” could 
be given, but the author decided not to use them simply because there 
was no strict rule to follow. The same weighing scheme was used for 
the local I.    
11  “moran.test” function in spdep library was used to perform 
randomization test and “moran.mc” was used for permutation test. 
Details of the significance tests were above the scope of this paper for 
it focused on detecting crime hot spots. 
12 For example, a location with high values surrounded by neighbors 
with low values[8].   

      

 
Fig. 4. Local I for violent crime (3 and 5 nearest neighbors) 

 
Meanwhile, there were 11 blockgroups that have 

significantly high local I values at the .05 level 13 . The 
conventional significance level of .05 had to be adjusted 
because there was the multiple comparisons problem[8]. 
Employing a Bonferroni bounds procedure14 produced a rather 
conservative significance level of .000435, and only 4 
blockgroups exceeded this level15. Fig. 5 shows two maps for 
both significance levels. Interestingly, only one blockgroup 
around the Chestnut area had significant local I at the .05 level, 
and no blockgroup in that area was significant at the .000435 

                                            
13 blockgroup id = 11, 12, 46, 55, 62, 70, 77, 84, 89, 94, 111 
14 Bonferroni adjustment = α / n = .05 / 115 = .000435 
15 blockgroup id = 12, 46, 62, 77 
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level. The author further examined 5% of the highest and 
lowest local I values16.  

 

      

  
Fig. 5. Local I for violent crime (significant blockgroups) 
 
Fig. 6 shows the result. There was not much difference from 

the overall pattern shown in the dot and quantile map except for 
the Chestnut area. Overall, the various maps of local I appeared 
to suggest that the State Capitol area and southwestern region 
are the most serious hot spots, whereas, the Chestnut area is not 
much problematic. However, one plausible reason of such 
unexpected result could be because the Chestnut area has many 
small blockgroups (due to high concentration of population) 
and some of them having relatively small number of violent 
crimes17 might have affected the local I that have used 3 
nearest neighbors as its proximity measure; 

                                            
16 highest 5% id = 11, 12, 46, 62, 77, 84 / lowest 5% id = 1, 56, 80, 81, 
105, 111  
17 Refer to the quantile shaded choropleth map of violent crime in Fig. 
1. 

 
Fig. 6. Highest and lowest 5% local I 

 
3.3 GAM v. Local Moran’s I 

Fig. 7 represents the two resulting maps of GAM and local 
Moran’s I18.  It is notable that the standard deviation map of 
local I is fairly liberal because the significance level of some of 
the red-colored blockgroups is less than .05. Nevertheless, 
readers may be able to easily detect the difference between hot 
spots identified by the two techniques. In particular, while the 
GAM consistently highlights the Chestnut area (even after 
controlling for physical disorder), the local I does not identify it 
as crime-concentrated zones. In addition, the northwestern and 
midwestern areas have very opposite results. Although they use 
different types of data and have distinct approaches, the results 
are still not explicable in an easy way. The author’s personal 
knowledge on the phenomenon of violent crime recommends 
that GAM be applied if the point pattern data are available.   

With regard to the second purpose of this research, however, 
the underlying differences of methodological characteristics 
between the two techniques need to be explored to correctly 
understand the different results. Table 2 summarizes the 
comparison. (1) Both are exploratory techniques that cannot be 
used for hypothesis testing or modeling to explain the observed 
spatial patterns. (2) While GAM uses point pattern data, local 
Moran’s I is appropriate for aggregated areal data. Once 
aggregated, the point data lose much valuable information. (3) 
GAM controls for underlying distribution of population at risk, 
but local I does not. Thus, local I may simply reflect the 
population distribution. (4) Choosing background rate heavily 
influences the result of GAM. Whereas, the number of 
neighbors, weighting scheme, and MAUP may produce 
different results for local I. (5) Poisson distribution is used to 
find anomalous circles in GAM. Whereas, local I uses normal 
distribution for significance testing. (6) Although both methods 
suffer from multiple comparisons problem, only local I can 
adjust the issue by using a Bonferroni bounds procedure. (7) 
Poor visualizing sometimes causes misleading conclusion. The 

                                            
18 GAM map is the fourth one in Fig. 3, and local I map is shaded 
according to standard deviation.  
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GAM map gets smoothed as the radius of kernel disc increases. 
Meanwhile, large areas tend to exaggerate the degree of spatial 
association in local I maps. 

     
Fig. 7. GAM v. Local Moran’s I 

 
Table 2. Methodological comparison between GAM and local I 

 GAM Local Moran’s I 

Analysis exploratory exploratory 

Data type point pattern aggregate zonal data 

Number of 
variables  bivariate univariate 

Deciding factor background rate number of neighbors, 
weighting, MAUP 

Significance 
testing Poisson normal 

Multiple 
comparisons 

yes – no 
adjustment 

yes – Bonferroni 
adjustment 

Visualizing  radius of  
kernel disc large areas  

4. CONCLUSION 
 

Most Korean law enforcement agencies are still relying on 
the simple visual techniques in detecting crime hot spots. 
Considering the importance of identifying exact hot spot areas 
in efficiently distributing police resources, this study attempted 
to introduce the two sophisticated techniques, GAM and Local 
Moran’s I. Utilizing data of Lansing, Michigan, the author 
showed how to perform them. The results showed that there is 
a substantial difference in the locations found by the two 
methods. Some areas that were identified as hot spots in GAM 
were indicated as the opposite in local Moran’s I and vice versa.  
However, the difference does not necessarily indicate that the 
local Moran’s I is a poor technique. To the contrary, it is one of 
the most sophisticated exploratory methods for cluster 
detection for zonal data. The difference is rather to be sought in 
the distinct methodological characteristics of those techniques. 
Nevertheless, this study suggests that more efforts to obtain 
point data including exact information on the event location 
would be valuable because GAM can avoid the MAUP 
problem intrinsic in the analysis of zonal data. That said, the 
law enforcement agencies need to collect more exact point data 
of crime and collaborate with researchers to make better 
analyses of crime hot spots.      
 
 

REFERENCES 
 

[1] E. Jefferis, "A multi-method exploration of crime hot 
spots," Proc. Academy of Criminal Justice Sciences, 1998. 

[2] J. Eck, J. Gersh, and C. Taylor, "Mapping hot spots of 
crime and related events," Proc. Spatial Analysis of 
Crime, 1997. 

[3] C. Mamalian and N. La Vigne, The Use of Computerized 
Crime Mapping by Law Enforcement: Survey Results, 
National Institute of Justice, Washington, D.C., 1999. 

[4] J.Q. Wilson and G.L. Kelling, "The Police and 
Neighborhood Safety: Broken Windows," Atlantic 
Monthly, vol. 127, 1982, pp. 29-38. 

[5] R.D. Baller, L. Anselin, S.F. Messner, G. Deane, and D.F. 
Hawkins, "Structural Covariates of U.S. County 
Homicide Rates: Incorporating Spatial Effects," 
Criminology, vol. 39, no. 3, 2001, pp. 561-590. 

[6] R.J. Sampson, S.W. Raudenbush, and F. Earls, 
"Neighborhoods and Violent Crime: A Multilevel Study 
of Collective Efficacy," Science, vol. 277, 1997, pp. 918-
924. 

[7] S. Openshaw, M. Charlton, C. Wymer, and A.W. Craft, 
"A Mark I Geographical Analysis Machine for the 
Automated Analysis of Point Data Sets," International 
Journal of Geographical Information Systems, vol. 1, 
1987, pp. 335-358. 

[8] L. Anselin, "Local Indicators of Spatial Association-
LISA," Geographical Analysis, vol. 27, no. 2, 1995, pp. 
93-115. 

[9] W.G. Skogan, Disorder and Decline: Crime and the 
Spiral of Decay in American Neighborhoods, Free Press, 
New York, 1990. 



96 
 

[10] T.C. Ba
Analysis

 
 

as a professo
research inte
prevention, an

ailey and A.C. 
s, Prentice Hall,

Jinse
He 
adm
Polic
M.S
State
earn
Mich
2008

or at Soon Ch
erests include

nd scientific crim

Jinseong Che

Intern

Gatrell, Intera
, Addison-Wesl

eong Cheong 
received the

ministration from
ce university in
. in criminolog
e university, U

ned Ph.D. in cr
higan State u
8. Since 2009, h
hun Hyang un
e geographic 
me investigation

eong : Detecting

national Journa

active Spatial 
ley, 1995. 

 B.A. in p
m Korea Nat
n 1996 and rece
gy from the Fl
USA in 2003
riminal justice 
university, USA
he has been wor
niversity. His 

profiling, c
n. 

g Crime Hot Sp

al of Contents, 

Data 

ublic 
tional 
eived 
orida 
. He 
from 
A in 
rking 
main 

crime 

pots Using GAM

Vol.8, No.2, Jun

M and Local Mo

n 2012 

oran’s I 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


