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Summary 
Cities and the mammalian neocortex may seem to have 
little in common, but each is approximately a surface with 
a network of conduits (roads and neurons, respectively) 
connecting its disparate parts. Because both cities and 
brains are under selection pressures to make their 
connections efficiently, we investigate the hypothesis that 
the organization of city highway networks and the 
mammalian neocortex may be governed by common 
principles. Here we measure how city highway networks 
vary with city size and find that, consistent with the 
hypothesis, highway networks scale with exponents 
nearly identical to those found for the analogous 
quantities in the neocortex. As a function of surface area, 
the number of conduits scales approximately as the 3/4 
power, the number of “leaves” (highway exits and 
synapses) scales approximately as the 9/8 power, 
propagation velocity scales approximately as the 1/8 
power, and total conduit surface area scales 
approximately as the 11/8 power. We also find that city 
population scales as the 1.46 power of surface area, 
potentially driven by the total surface area of highways. 
We discuss the extent to which explanations for 
neocortical scaling can be extended to cities. 

 

A variety of scaling laws are known for the 
mammalian neocortex relating gray matter volume, 
total number of synapses (Changizi, 2001, 2003), 
white matter volume (Frahm et al., 1982; Hofman, 
1989, 1991; Prothero 1997b; Allman, 1999; Zhang 
& Sejnowski 2000; Bush & Allman, 2003), 
number of neurons (Tower, 1954; Jerison, 1973; 
Passingham, 1973; Prothero 1997b), surface area 
(Jerison, 1982; Prothero and Sundsten, 1984; 
Hofman 1985, 1989, 1991; Prothero 1997a), axon 
caliber (Changizi, 2001; Shultz & Wang, 2001), 
and number of cortical areas, or compartments 
(Changizi & Shimojo, 2005). These neocortical 
scaling laws appear to be a consequence of 
selection pressure for a sheet-like structure 

(namely, gray matter) to economically maintain a 
high level of interconnectedness (Changizi, 2001, 
2003, 2007a, 2007b). We might therefore expect to 
find similar scaling laws for any sheet-like 
structure under similar selection pressures, in 
which case the neocortex would be just an instance 
of a more general kind of structure. Here we 
investigate city highway systems as a potential 
kind of network which may be driven by similar 
principles as the neocortex. We chose to examine 
city highway networks for several reasons. First, 
because cities lie on the land they are 
approximately a surface, or a sheet. Second, they 
are under selection pressure to efficiently 
interconnect via highways and roads. Third, the 
organization of city highway networks tends to be 
driven by political and economic forces over 
decades, rather than being planned in advanced 
following known principles of highway 
engineering (e.g., Mannering & Kilareski, 1998)—
i.e., city highways systems are a result of an 
evolution-like mechanism. Fourth, highway 
network data are readily available (and our data set 
consists of 60 U.S. cities varying in population 
from 104 to nearly 107, see legend of Figure 1). 
Finally, the organization of city highway systems 
is interesting in and of itself, and better 
understanding them could potentially lead to better 
highway systems.  

The number of highways in a city is prima 
facie analogous to the number of white-matter-
projecting, pyramidal neurons in neocortex. 
Because cities have a tendency to be organized 
radially around an urban city center, we measured 
the number of highways as the number of radially-
directed “spoke” highways plus the number of 
concentric “ring” highways. Combinations of 
highway segments were categorized as a “ring” if 
they tended to allow circumferential travel around 
the city center, and as a “spoke” if they tended to 
move radially away from the city center. One can 
easily see this spokes-and-rings organization in 
most of the larger cities (e.g., the map of Houston 
is shown above the city columns in Table 1). The 
number of highways increases in larger cities as 
approximately the 0.759 (± 0.083) power of land 
area (Figure 1a), similar to the exponent of 3/4 
found for the number of neurons as a function of  
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Figure 1 (a) Number of highways, (b) number of highway exits, (c) average number of lanes and cross-city (design) speed 
and (d) population as a function of land area. Data are from 60 U.S. cities with highways, ranging in population from 104 to 
107. Best fit power-law for the binned data shown (raw data shown in light gray). The sampled cities, and bins, are as 
follows: population from 104 to 104.25 (Los Lunas, NM; Williamsburg, VA; Amherst, OH; Berkeley Heights, NJ; 
Wilsonville, OR; Greenfield, IN; Canton, GA), 104.25 to 104.5 (Gallup, NM; Gillette, WY; Elizabethtown, KY; Helena, MT; 
Douglasville, GA; Cookeville, TN; Bangor, ME), 104.5 to 104.75 (Cape Girardeau, MO; Wausau, WI; Bellevue, NE; Tigard, 
OR; Battle Creek, MI; Springfield, OR; Cheyenne, WY), 104.75 to 105 (Janesville, WI; Medford, OR; Santa Fe, NM; Las 
Cruces, NM; Albany, NY; Macon, GA; Davenport, IA), 105 to 105.25 (Lowell, MA; Peoria, IL; Sioux Falls, SD; Hampton, 
VA; Rockford, IL; Jackson, MS), 105.25 to 105.5 (Little Rock, AR; Boise, ID; Spokane, WA; Durham, NC; Rochester, NY; 
Toledo, OH), 105.5 to 105.75 (Wichita, KS; Honolulu, HI; Tulsa, OK; Cleveland, OH; Albuquerque, NM; Washington, DC), 
105.75 to 106 (Seattle, WA; Baltimore, MD; Memphis, TN; Columbus, OH; Detroit, MI; San Jose, CA), 106 to 106.25 (Dallas, 
TX; San Diego, CA; San Antonio, TX; Phoenix, AZ), 106.25 to 106.5 (Houston, TX; Chicago, IL), 106.5 to 106.75 (Los 
Angeles, CA), 106.75 to 107 (New York, NY).
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total convoluted surface area in neocortex (Table 
1; exponents range from about 0.7 to 0.81; Tower, 
1954; Jerison, 1973; Passingham, 1973; Prothero 
1997b).  

Analogous to synapses in neocortex are 
highway exits in city highway systems (measured 
as the number of exits for a unidirectional traversal 
of all highway stretches), and Figure 1b shows that 
the number of highway exits increases as about the 
1.138 (95% confidence interval: ± 0.072) power of 
land area, or approximately as the 9/8 power. The 
number of exits therefore increases more quickly 
than land area, with surface density of exits 
increasing as the 0.138 power, or approximately 
the 1/8 power, of land area. In our data gathering 
we also measured the number of zip codes (using 
www.city-data.com) and the number of public high 
schools (using www.greatschools.net), and found 
that each scales just as does the number of exits 
(Nzip=0.103S1.084±0.076, R2=0.97, and 
Npubhigh=0.106S1.120±0.097, R2=0.95, where S is land 
area), so that they, too, have similarly increasing 
surface density in larger cities. Some of the 
increasing surface density of these infrastructure-
like variables is accommodated by the “thickness” 
of cities increasing, because larger cities tend to 
have taller buildings (for high schools and post 
offices, for example), and greater numbers of 
raised highways. We do not currently possess “city 
thickness” data (e.g., average building height) on 
which to test whether thickness rises slowly as 
approximately the 1/8 power of land area. For 
neocortex, it is known that the total number of 
synapses—which scales proportionally to gray 
matter volume (Abeles 1991, Changizi 2001)—
scales approximately as the 9/8 = 1.125 power of 
total convoluted surface area (Table 1; exponents 
range from about 1.085 to 1.124; Jerison, 1982; 
Prothero and Sundsten, 1984; Hofman 1985, 1989, 
1991; Prothero 1997a). This is very close to the 
exponent of 1.138 for the total number of highway 
exits, suggesting perhaps that 9/8 may be the 
theoretical exponent for exits (as well as number of 
zip codes and number of public high schools). As 
was the case for city highway networks, the 
surface density of synapses rises approximately as 
the 1/8 power of neocortex surface area, and this is 
entirely accommodated by the thickness of gray 

matter increasing as the 1/8 power (Jerison, 1982; 
Prothero and Sundsten, 1984; Hofman 1985, 1989, 
1991; Prothero 1997a), amounting to a slow 
increase from about half a millimeter in the 
smallest mammals to a couple millimeters in man. 
Gray matter thickness may be, then, akin to the 
“thickness” of a city, or the degree to which cities 
grow in the third dimension. Other consequences 
of how the number of leaves and conduits scale are 
that for both neocortex and city highway systems 
(i) the number of leaves per conduit scales 
approximately as the 1/3 power of the number of 
leaves (Table 1), and (ii) the number of leaves per 
conduit scales approximately as the square root of 
the number of conduits.  

The number of highway lanes (measured by 
sampling from each highway using 
maps.google.com) is prima facie analogous to the 
caliber of an axon, and rises as approximately the 
0.174 (± 0.038) power of surface area (Figure 1c, 
bottom), close to an exponent of 3/16 = 0.1875. In 
neocortex the diameters of neuron somas and 
axons scale approximately as the 1/8 = 0.125 
power of the total convoluted neocortex surface 
area (Table 1; Changizi, 2001; Shultz and Wang, 
2001; Changizi, 2007a, 2007b). Highway “caliber” 
thus appears to scale more quickly than white 
matter axon caliber (Table 1). Highways are 
inherently two dimensional (or 1D cross section), 
however, whereas axons are three dimensional (or 
2D cross section), and so some differences in how 
conduit diameter increase as a function of the 
number of leaves per conduit may be expected. For 
neocortex, the number of synapses per neuron, δsyn, 
appears to relate to axon diameter, daxon, as daxon

3 ~ 
δsyn (consistent with Murray’s Law; Murray 1926; 
Cherniak et al. 1999; Chklovskii & Stepanyants 
2003; Changizi 2003). For city highway systems, 
however, the number of exits per highway, δex, 
appears to relate to highway diameter, dhighway, as 
dhighway

0.379/0.174 = dhighway
2.18 ~ δsyn. That is, rather 

than Murray’s d3-law holding, it appears closer to a 
d2-law for highways. 

We measured cross-city travel speed 
(measured as the road distance traveled across the 
city divided by the travel duration, using design 
speeds, averaged for two trips, one across the 
“long” axis of the city and the other along the  
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Table 1 Comparison of city highway system and neocortex exponents for quantities as a function of 
surface area.  
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“short” axis, and using a combination of Mapquest 
and Google Earth) as the analog of white matter 
propagation velocity, and found that cross-city 
travel speed increases as the 0.0108 (± 0.021) 
power of land area (Figure 1c, top). For neocortex, 
myelinated axon conduction velocity is directly 
proportional to axon diameter (Hursh 1939; 
Rushton 1951; Bullock & Horridge 1965), and so 
white matter axon conduction velocity scales as 
approximately the 1/8 = 0.125 power of total 
convoluted surface area (Table 1), which is close 
to the exponent for cross-city travel speed. Unlike 
the direct proportionality between speed and 
conduit diameter for neocortex conduits, cross-city 
travel speed scales much more slowly than 
highway diameter (Figure 1c, and Table 1)—
namely speed, u ~ dhighway

0.108/0.174 = dhighway
0.62 

(although the slope confidence intervals are 
sufficiently high that neither a direct 
proportionality nor a square root law can be 
rejected). 

Neocortex white matter volume scales as 
approximately the 3/2 power of total convoluted 
surface area (with exponents ranging from about 
1.4 to 1.52, Table 1; Frahm et al., 1982; Hofman, 
1989, 1991; Prothero 1997b; Allman, 1999; Zhang 
& Sejnowski 2000; Bush & Allman, 2003). The 
most straightforward analog of white matter 
volume for city highway networks would be the 
entire volume utilized by highways, but we do not 
currently possess data for highway depth, and 
cannot calculate volume (we do not know, for 
example, if highway depth scales in the same 
manner as width). However, highway volume may 
not be an interesting measure because highway 
traffic would appear to depend on the width of the 
highway (or number of lanes), not on the depth. 
Thus, the total surface area of highways would 
appear to be of interest, and the neocortical analog 
of this is the cumulative surface area of white 
matter axons. Total white matter surface area is the 
product of the number of neurons, the length of 
white matter axons, and axon diameter. Assuming 
axon length scales as the cube root of white matter 
volume, one may derive (using exponents in Table 
1) that the surface area of white matter scales as 
the 11/8 = 1.375 power of total convoluted surface 
area. The total highway surface area may similarly 

be estimated, and assuming highway length scales 
as the square root of city land area, one may derive 
(using exponents in Table 1) that total highway 
surface area scales as the 1.433 (± 0.096) power of 
city land area, close to the 11/8 exponent for the 
analogous quantity in neocortex. 

Population of a city scales approximately as 
the 1.462 power of city land area (Figure 1d, Table 
1), meaning population density increases nearly as 
the square root of land area. How do larger cities 
accommodate such relatively fast increases in 
population density? Based on the similarity of this 
exponent to that for total highway surface area, one 
might speculate that highway surface area per 
population may be an invariant (although see 
Bettencourt et al., 2007, where population scales as 
the 1.205 power of road (not highway) surface area 
for a set of 29 German cities). That is, it suggests 
that rather than population being driven by city 
surface area, population may be being driven by 
the total surface area of highways, as if each 
person requires some fixed alotment of highway 
surface area (e.g., the area required by a car for 
safe travel). An alternative hypothesis is that 
perhaps population actually scales as the 3/2 power 
of surface area (also within the 95% confidence 
interval), and this could be explained by modeling 
the population as flowing on a surface with a 
central source or sink (such as the city center), 
where it has been shown (Dreyer 2001) that the 
mass of the flowing material scales as the 3/2 
power of the surface area (and, more generally, as 
(D+1)/D where D is the dimension of the system). 

An explanation for neocortical scaling 
concerns the economical manner in which 
neocortex compartmentalizes as the brain enlarges, 
and has been successful at predicting how the 
number of cortical areas, inter-area connectivity 
and intra-area connectivity scale with brain size 
(Changizi, 2001, 2003, 2005, 2007a, 2007b). Cities 
compartmentalize as well. For example, there tends 
to be a downtown business district, rather than 
finding these businesses uniformly distributed 
throughout the city. Such compartmentalization 
may tend to minimize costs for the infrastructure 
needed near businesses, as well as minimizing 
travel costs for business-business and business-
infrastructure interactions, keeping travels short 
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and on surface streets within each functionally 
specialized area. Too few compartments in a city 
will tend to be uneconomical because within-
compartment travel will become too costly, and too 
many compartments will tend to be uneconomical 
because each compartment will tend to require a 
highway route to all the other areas, leading to 
unnecessarily high highway costs. For neocortex 
this tradeoff leads to the compartments increasing 
approximately as the 3/8 power of total convoluted 
surface area (Changizi, 2001, 2005). For cities it is 
not yet clear to us how to measure 
compartmentalization. Because cities tend to 
change their make-up as a function of radial 
distance from city center, one hypothesis for what 
city compartments might be are the concentric ring 
regions around the city, starting with city center. 
For example, the city map shown in Table 1 
possesses four concentric ring regions. 
Interestingly, this notion of city compartments 
does scale approximately as the 3/8 power of land 
area (# ring regions ~ 0.33S0.390±0.055, R2=0.88, 
Table 1), although whether this is an appropriate 
measure of the number of city compartments we do 
not yet know.  

Cities are not brains, of course, and the 
metaphor can only be pushed so far. For example, 
whereas a single white matter axon tends to 
connect just two regions of neocortex, and makes 
no direct axon-axon connections, a single highway 
makes en passant exits all along its length, and 
connects directly to other highways via 
interchanges (# interchanges ~ 0.051S0.993±0.127, R2 
= 0.92, or approximately directly proportional to 
land area). And it is not clear what the brain 
analogy for people might be (possibly the material 
transported within axons?). Nevertheless, Table 1 
and its plot on the upper left show that there are 
wide similarities for these two radically different 
kinds of network, suggesting that they are 
instances of a more general class of network. City 
highway networks may actually provide a model 
for better understanding fundamental properties of 
neocortical scaling, having the benefit of 
comparably infinite amounts of easily-accessible, 
free data. 

References 
Abeles M (1991) Corticonics: Neural Circuits of 

the Cerebral Cortex. (Cambridge University 
Press, Cambridge). 

Allman JM (1999) Evolving Brains. (Scientific 
American Library, New York). 

Bettencourt LMA, Lobo J, Helbing D, Kühnert C, 
West GB (2007) Growth, innovation, scaling, 
and the pace of life in cities. Proc Natl Acad 
Sci USA 104: 7301-7306. 

Bullock TH, Horridge GA (1965) Structure and 
Function in the Nervous Systems of 
Invertebrates. (W. H. Freeman, San Francisco). 

Bush EC, Allman JM (2003) The scaling of white 
matter to gray matter in cerebellum and 
neocortex. Brain Behav Evol 61: 1-5.  

Changizi MA (2001) Principles underlying 
mammalian neocortical scaling. Biol Cybern 
84: 207-215. 

Changizi MA (2003) The Brain from 25,000 Feet: 
High Level Explorations of Brain Complexity, 
Perception, Induction and Vagueness (Kluwer 
Academic, Dordrecht).  

Changizi MA (2007) Brain scaling laws. In Squire 
LR (ed.) New Encyclopedia of Neuroscience 
(Elsevier, London). 

Changizi MA (2007) Scaling the brain and its 
connections. In Kaas JH (ed.) Evolution of 
Nervous Systems. (Elsevier, London). 

Changizi MA & Shimojo S (2005) Parcellation and 
area-area connectivity as a function of 
neocortex size. Brain Behav Evol 66: 88-98. 

Cherniak C, Changizi MA, Kang D (1999) Large-
scale optimization of neuron arbors. Physical 
Review E 59: 6001-6009. 

Chklovskii DB, Stepanyants A (2003) Power-law 
for axon diameters at a branch point. BMC 
Neuroscience 4: 18. 

Dreyer O (2001) Allometric scaling and central 
source systems. Phys Rev Lett 82: 038101. 

Frahm HD, Stephan H, Stephan M (1982) 
Comparison of brain structure volumes in 
insectivora and primates. I. Neocortex. J 
Hirnforsch 23: 375-389. 

Hofman MA (1985) Size and shape of the cerebral 
cortex in mammals. I. The cortical surface. 
Brain Behav Evol 27: 28-40. 



  7

Hofman MA (1989) On the evolution and 
geometry of the brain in mammals. Prog 
Neurobiol 32: 137-158. 

Hofman MA (1991) The fractal geometry of 
convoluted brains. J Hirnforsch 32: 103-111. 

Hursh JB (1939) Conduction velocity and diameter 
of nerve fibers. Am J Physiol 127: 131-139. 

Jerison HJ (1973) Evolution of the Brain and 
Intelligence. (Academic, New York). 

Jerison HJ (1982) Allometry, brain size, cortical 
surface, and convolutedness. In Armstrong E, 
Folk O (Eds.) Primate Brain Evolution 
(Plenum, New York), pp. 77-84. 

Mannering FL, Kilareski WP (2004) Principles of 
Highway Engineering and Traffic Analysis, 3rd 
Edition (Wiley, New York).  

Murray CD (1926) The physiological principle of 
minimum work. I. The vascular system and the 
cost of blood volume. Proc Natl Acad Sci USA 
12: 207-214. 

Passingham RE (1973) Anatomical differences 
between the neocortex of man and other 
primates. Brain Behav Evol 7: 337-359. 

Prothero J (1997a) Cortical scaling in mammals: A 
repeating units model. J Brain Res 38: 195-
207. 

Prothero J (1997b) Scaling of cortical neuron 
density and white matter volume in mammals. 
J Brain Res 38: 513-524. 

Prothero JW, Sundsten JW (1984) Folding of the 
cerebral cortex in mammals. Brain Behav Evol 
24: 152-167. 

Rushton WAH (1951) A theory of the effects of 
fibre size in medullated nerve. J Physiol 115: 
101-122. 

Shultz JR, Wang SS-H (2001) How the neocortex 
got its folds: Ultrastructural parameters 
underlying macroscopic features. Society for 
Neuroscience Abstracts. 

Tower DB (1954) Structural and functional 
organization of mammalian cerebral cortex: 
The correlation of neurone density with brain 
size. J Comp Neurol 101: 9-52. 

Zhang K, Sejnowski TJ (2000) A universal scaling 
law between gray matter and white matter of 
cerebral cortex. Proc Nat Acad Sci 97: 5621-
5626. 



<<
  /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


