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Abstract

Economic andyss of wurban freght logidics is dill rdaivey limited. The
changing pettern of urban logidics with the growth in supply chain management
and the increassed adoption of e-commerce has implications for the location of
warehousng and trucking facilities Intuitively, as the supply chan becomes more
sophidticated then more locdised depots and warehousing is to be anticipated. The
nature of the resultant pattern is likdy to vary according to specific function and
the nature of the urban area under review. The am of this paper is to look a the
potentiad of Geographicd Informaion Sysems (GIS) in decribing the nature of
potentid dudering effects Satidicd andyses of trucking terminds and
warehousing located in Washington Consolidated Metropolitan Standard Area and
Detroit Consolidated Metropolitan Standard Area is carried out usng GIS and
goatid datidicd tools. The results include both globd and locd leve datigtics for
these Metro aress. Globd spatid datistics are deployed to describe the ovedl
spatid digribution of the trucking and warehousing industry in the regions while
the locd gpatid ddidics provide disgance andyses in terms of clustering and
nearest neighbour andyses. The globd spatid ddidics (dso known as firg-order
detisics) describe the gpatid  orientation of logidtics related indusiria  location
patterns while the locd datistics (also caled second order or distance anayses)
describes results of nearest neighbour analyses associated with the metro areas
road networks. Hot-gpot andyses is used to describe the locd dugering of
logidtics industries either dong road networks or across a metro region.



1.INTRODUCTION

Obsarvation and description, definition and classfication are the preparaiory
adtivities. But what we dedre to reach thereby is a knowledge of the
interdependence  of economic  phenomena...Induction and deduction ae
both needed for scientific thought as the left and the right foot are both
needed for waking. (Schmoller in the article on Volkswirtschaft in Conrad's
Handworterbuch )

Urban trangportation logidtics is attracting increasing atention. This is patly as an off
shoot of the wider interest that there is in logidics more generdly as industry has
goprecigted the gains that can acaue for modern supply chan management. Many of
the initid gains have come through economic deregulaion of inte-city modes such as
trucking and ralways and the adoption of intermoda trangportation. Informatics hes,
both in its own right and as an adjunct to freer markets, been a further facilitator. There
ae dso larger trends affecting the urban freight market not least of these are
developments in urban form. There has been a maked increase in suburbanization and
in the emergence of such phenomena as ‘edge cities (Garreau, 1992) and ‘nerdstans
(Kotkin, 2000). The pressure now has moved to the more efficient deployment of
logigtics within urban areas and, more particularly, with the lag-mile problem.

Urban logidics pose management and investment chdlenges not only for those
supplying and using the savices but dso for those that ae responsble for the
asociated trangportation infrastructure (such as roads and consolidetion terminds). The
potential  problems of urban and, increesingly, suburban traffic congestion and loca
environmental  degradation in aess in  dose proximity to loading/unloading,
transhipment and consolidation points ae a concern to  public policy mekers.
Information on the degree to which logidic suppliers geogrgphicaly concentrate their
activities and the types of logidtics operations that are more prone to spaid cudering is
important if efficient trangportation Strategies are to emerge.

City logigics depends upon adequate infragtructure and its providon is normdly the
domain of the public authorities Trends in the nature of the gpatiad concentration of
temind fadlity dudeing is important to undersand from a policy prioritisstion
perspective and to dlow reection to in the trangportation/land-use planning ad policy
making processes. The importance extends beyond congderation of the needs of the
logistics community to that of the interface with person movements. Although the
pesks for movements of goods in cities sddom coincides exactly with that of passerger
movements, there is generdly overlgp and concentretions of freight activity inevitably
interacts with persond trips.

There ae dso some fundamenta issues for logistic service suppliers themsdves
notably whether there are advantages of location economies semming from grouping
certain types of activity in specific parts of urban areas. This may be in terms of access
and land cogs but dso may involve issues of avaldbility of complementary services
auch as vehide mantenance, labour pools, etc. (Button and Pearman, 1981). In other
words the advantages of traditiond agglomeration economies. There is a spdtid
complimentarity in ether the production functions of the firms involved or in ther
revenue functions.



This paper does not attempt to offer any abstract modd of why urban logistics suppliers
may or may not decide to cluster but rather looks a the clustering phenomena itsdlf.
The quotation offered a the outset of the paper is not there for ornamentation. While the
levd of technicd sophidication now found in cty logigics moddling has progressed
condderable — eg., see D’egte (2000); Taniguchi and Thomson (1999), Taniguchi et al
(2001) — the problem remains that there is a present very little empirical data on such
things as the nature and degree of logistics clugters a the urban leve. Without this basc
information it is difficult to develop testable modds of how and why, as a sector, urban
trangportation logigtics activities are spreading themselves as they are.

Much of the moddling work on urban freight logidics relies upon abdract Smulations
(e.g., see the papers in Taniguchi and Thompson, 2001). Often it is based on deriveives
of more conventiond traffic engineering modds and, for example, tekes limited
cognisance of the nature of the market structures in which the supplying units operate®
This type of moddling can offer useful indghts a a very generd level but without a
firm gppreciaion of the nature of the underlying activity is unlikdy to approach the
necessary comprenenson of the sydem to yidd more than basc policy
recommendations ether for the private or the public sector. The am here is to provide a
littte more foundation upon which models may be developed. It dso offers some basic
inductive findings regarding spetid didribution of fixed eements in the urban freight
logistics system.

This paper seeks to add to the portfolio of instruments avalable for enhancing the data
base. The empirical anadyds presented makes use of geogrgphica information systems
(GlS) to examine the spatid clustering of urban logistics activities. It takes two sample
US cities to look at gpatid patterns of terminads and seeks common and divergent
features usng dmple dudering techniques. There is no attempt a& moddling but rather
the am is to do as Marshdl (1890) suggested economigts should, namdy, ‘to collect
facts, arrange and interpret them, and to draw inferences from them.’

2. SPATIAL DISTRIBUTIONS OF URBAN LOGISTICSACTIVITIES

The implications of the demands of modern urban logidics on the spatid digtribution of
trangport  terminds, warehousing and dorage would a priori suggest a grester
concentration of such activities nearer the urban core. This can be understood by
condderdion of the smple notion of a trangport chain described by the abdraction of
Vermunt (1993) which is set out in Figure 1.

It is & the beginning and end of any freight movement that handling is undertaken and
this is normdly in urben or sub-urban Stuations. It is a these points (which conditute
the ‘lagt-mile problem’) that the more intricate decisons in the trangport chan must be
made. The emergence of hub-and-gpoke didribution dructures provides a dynamic
impetus to this effect? As freight traffic grows within urban aress, and as a consequence
of more inter-urban movements originging and terminaing in cties 0 this handling
component has grown disproportionately. The naure of warehousng has changed
gonificantly in line with this and its role in implementation of fows of goods from one
pat of the supply chan to another has grown as its sorage role has diminished



(Ackerman and Brewer, 2001). There has dso been a move to more outsourcing and
customization of warehousing services.

Collection/distribution Trunkline Collection/distribution
network network network

activities: pick up [ join [ split T deliver

| collect | | move | | distribute |
I I
80% handling 20% handling 80% handling
20% transport 80% transport 20% transport

Figure 1. The structure of the transport chain

The urban component of a trip is dso the point a which freight transport interacts most
serioudy with passenger transport. The urban component is dmost exclusvely by road
and the movement of trucks and ther loading and unloading competes for scarce road
space. It is dso the point a which the most immediate environmenta impacts of freight
trangport become gpparent to individuds. Whilgt there may be serious issues such as
land take and emissons of globd waming and other gases on the trunk haul, noise
anoke, fumes, visud intruson, vibrations and the like are imposed on the concentration
of individuds in cities It is, therefore, the urban of any movement that aitracts the most
policy atention. It is aso, however, that pat which is the mogt difficult to modd and
for which it is most chdlenging to develop publicly acceptable policy solutions.

To enhance the effectiveness of city logidics per se, but dso to ensure more efficient
use of the common infragructure that cars and public trangport coincidentaly use, and
to minimise environmenta intruson of trucks, informed public policies are important.
While there have been consderable advances in the way public policy treats freight
trangport, public policy is nomdly only as good as the daa avalable and the
understanding of the transport sysem by the policy mekers. Daa are dways difficult to
obtain. This is in part because of the codts involved. Neverthdess, there may be ways of
extracting more information from the data that are avalable. There are now many
publicly avalable daa bases that can be further exploited. In paticular, the
development of GISis continudly producing enhanced data sets.

There has been condderable discusson within the inteligent trangort (ITS) community
of just how GIS data can be used to enhance the performance of freight carriers within
cties and more gengdly (Cdogero, 1994; Keenan, 1998). In paticular, it has been
seen to offer the potentid for improved computerised vehicle rauting and scheduling



(Taniguchi et al, 1999). It ds0 has been advocated for the planning the routing of
hazardous materids and for red time flet management, and applications are now
emerging in these aress.

The emphasis here is on the potentid of GIS not so much for assging the trangport
operator but rather the public authorities in ther moddling of, and planning for, urben
fraght movements and for assding in the making of infragtructure investment
decisons. There has been consderable change in the way urban logidtics is conducted
and the micromodds that are needed for a planning and policy response have often
been academic rather than practitioner based (Taylor and Button, 1999). One reason for
this has been the paucity of good data

The andyds is concerned with the extent to which market trends in the provison of
urban logigics sarvices is leading to dudering of warehouse, dorage, and other urban
trangport fadilities As case dudy illudrations, this work has taken publicly avalable,
disaggregate data for 1999 from two large US urban areas (Detroit and Washington
Bdtimore) and has examined the extent to which dudering of logidics centres has
occurred.

The aeass were sdected because one is characterised by a high involvement in
government work and because it has a very gSgnificant and recently established high
technology indusgtrid base (both in tdecommunications and biotechnology). The other
aea is one tha has a long higory of heavy industry, mogt notably the automohbile
industry, and that has recently been trying to modenise its core economic activities
The am, therefore, was not just to teke a sngpshot of one urban area to examine
industrid clustering there but dso to make comparisons between urban types. The daa
bases can dso be disaggregated by type of trucking and warehousing. This alows for
dudying variations in the degree of dudering between various types of urban logidics
activities.

3. THE ANALYTICAL APPROACH

The empiricd work in the paper makes use of technique known as ‘near-neighbour
andyss. This is a technique widdy used in geography to andyse spaidly distributed
point pattern data (Graeme, 1983). It seeks to identify Stuaions where a didtribution of
points, or locations is dugered, random or scattered. A random paitern of locations
condgs of points tha ae dtuated in locations with equa probability. Each point
location occurs by chance and is independent of dl other points A nonrandom pettern
may either be a cluster or it may ke digpersed. In the former case, spatid dependence
between two or more points implies an dtraction for common locations, associaed, for
example, with economies of agglomeration of some form. This would conform, for
indance, to the type of concentrated patterns of specidised land use advanced by
Hotdling (1929) and the overdl types of hierarchicd dructure suggested in the dlassic
works of Losch (1954) and others. Scatter indicates an absence of such gravitaiond
forces. In other words there is a regular patern but there is no indication of linkages
between the units.

Cdculating the R atidic for that geographica area can assess the spatia concentration
of activity patterns across a geogrgphicd area The R ddidtics is based on the



computing of the distance to the kth nearest neighbour for a given populaion and then
edimating a classfication vaue for the given point patern. If R < 1 then the pattern is
one implying dugtering, if R ~ 1 then the patern is random, and if R > 1 then there is
regularity in the pattern.

In a random point paitern case, the expected vaue of distance (V) between points for a
givendensty d is

w = 0.5(vd) @
where; d is computed as the total number of pointsN divided by agiven aea A.

For a given area condsing of n points, distance s(ij), where both i and j T [1...n],
between each point to dl points is computed. The average of dl such distances, s is
computed for dl n points. The R coefficient is then estimated as R = (§'w) and is used to
tet the randomness hypothess. The Null hypothess (Hog) implies an R vdue
gpproaching unity. It is know that from a given number of random points, N that the
vadue of R has a normd didribution with a mean of unity and a sandard deviaion s ~
05228 vN where N is lage With knowledge of the type of didribution involved, this
alows the establishment of z scores for atwotailed test:

1+zs(R) @

where z is the standard deviation corresponding to a required levd of confidence in the
acceptance or rgection of the null hypothesis The technique has been used more
gengdly to look a indudrid clugtering (eg., Stough, et al, 2000) but not to-date in the
context of urban logigtics

4. THE DATA

The data source used in this study is extracted from CACI Demographic Data CD
Volume 1, 1999. The levd of aggregation of this data base, being at the 3 and 4 digit
Sandard Indudrid Classfication (SC) leve, dlows for highly locdised andyss This
permits the deployment of near-neighbour anadlyss techniques (using the software
package ArcView GIS 3.2A and Busness Andyss 1.1 from Environmentd Research
Sygems Inditue) in a variety of ways to test the null hypothess that logigtics centres
are randomly dispersed across physicd space. For example, the near-neighbour andyss
uses GIS to looks a ocounty levd dudering, and buffered dudeing dong mgor
interstatesin two different types of urban area

The focus is on the location and spatid didribution of the trucking/courier and
warehousing indudry in each of the urban aress. The data is divided up for comparative
andysis between a different levels of spatid aggregation and for the examinaion of
logidica sub-sector differences. In the latter case it looks at the following sub-sectors:

421 TRUCKING AND COURIER SERVICES (Excluding air transportation)
4212 | ocd trucking, without Storage

4213 Trucking, except loca

4214 Locd trucking with storage



4215 Courier services, except by ar

422 PUBLIC WAREHOUSING AND STORAGE
4221 Farm Product warehousing and storage

4222 Refrigerated warehousing and storage

4225 Generd Warehousing and storage

4226 Specid Warehousing and storage

4231 TRUCKING TERMINAL FACILITIES

The areas studied are two large US metropolitan regions. One comprises what is often
cdled the ‘Nationd Capitd Region’ (embracing Washington, Northern Virginia and the
Bdtimore consolidated Metropolitan Standard Regions) and the Detroit Metropolitan
Standard Region (MSA). The findings (which are presented both as dHatistica
parameters and as mappings of the form seen beow) highlight the differences in
clugtering of trangport logigtic activities between the two types of region.

5. VISUALISING THE URBAN LOGISTICS SPACE

Figures 2 through 7 provide visud impressons of the spaid patterns of trucking, and
courier services, and warehousing locetions in the two case sudy urban aress. This
mapping, and the subsequent quantitaive, near-neighbour andyss was conducted using
a vaiety of different breskdowns of city logigtics activities and dso for a number of
spatid aggregations. Fgures 2 looks a the spatid didribution of warehousing done in
the consolidated Washington-Batimore MSA. Warehousing locations are seen as empty
squares. The expected concentration around Washington and Batimore is clear.

Figure 2. Warehousing in the Washington-Batimore consolidated MSA



Figure 3 presents a more comprehensve picture that includes trucking and courier
locations (not involving ar freight terminds) as filled squares The spatid peitern that
emerges is dmilar in many ways dthough there are many more trucking/courier
locetions outdde of the main centres of population. This would confirm the pattern
suggested in Fgure 1 tha much of the handling, which is largdy a warehousing
activity, actudly takes place in or near the ends of movements.

Figure 3. Warehouse and trucking/courier in the consolidated MSA

While such maps can only be indicative of the Stuation in the region they do provide
some visud impressons of wha is hgppening regarding logigics terminds. A cursory
look a the data point spread provides an intuitive impresson thet logigics centres are
not randomly spread. The focus of much of the activity on the main road arteries is dear
from the figures.

A much more concentrated pattern is observed for more limited area of Bdtimore than
for Washingtor/Northern Virginia. This would seem to reflect the differing population
dengties and perhaps differences in the physicd features of the areas. But it may aso be
a reflection of the rgpid recent growth in economic activity dong mgor trangport
corridors in Northern Virginia (eg. the high technology ectivities towards Tyson's
Corner and the Reston/Herdon area) as high-technology industry has spread westwards
from Washington. The port activity in Bdtimore accounts for the more compact pattern
that is observed there.

Fgue 4 providng a more dealed picture of didribution of trucking/courier and
warehousing and gtorage locations in the Batimore MSA. This indicates that there is a
much greater spread of warehousing and trucking facilities a the micro level than at the
broader regiond leve of andyds But it dso shows again the greater that one cannot
treat these types of activities as being the same. The clustering of ware housng appears
much more focused on the urban core area



Figure 4. Warehouse and trucking/courier locations in the Batimore MSA

Figures 5, 6 and 7 refer to the trucking/courier and warehousing locations in the Detroit
MSA. As with the Washington-Bdtimore region, the initid figures shows the
digribution of warehousng and dorege (Figure 5) and warehousing and trucking
combined (Figure 6) for the Detroit MSA whilst Figure 7 focuses in more detail on the
urban core.

Figure 5. Warehouse locations in the Detroit MSA

The spatid pattern would not seem to be that different to that found in the Washington
Bdtimore consolidated area. There ae some minor vaiaions. In paticular, the
trucking/courier dement is much more spread across both the larger MAS and the core
city area than is warehousing and storage. Whether there is actud clustering or not and,
if s0, to what types of logidtics activity it goplies is not clear, however, from the visud



presentation. It would gppear that warehousng does have a more dispersed paitern
(Figure 2 compared to Figure 5), with more facilities on the main arteries but whether
thisis gatigticdly sgnificant cannot be discerned.

Figure 6. Warehouse and trucking/courier locationsin the Detroit MSA
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Figure 7. Warehouse and trucking/courier locations in core area of Detroit

6. NEAR-NEIGHBOUR ANALYSIS

Visud presentations are, therefore, often useful for highlighting generd  patterns  but
they do not offer any datidticd rigour in their description. Near-neighbour andyss
offers a more sructured way of assessng spaid patterns. Figures 8 and 9 begin to
introduce a more sysematic gpproach to dudering by looking the digribution about the
mean locaions for trucking/courier and warehousing in the two regions by displaying



the one standard deviation boundaries around them in terms of distances. These points
are the mean digances from dl other pints. They ae not transportation distances but
reflect crow-fly distances and, in that sense, have their limitations.
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Figure 8. Clugters of warehouse and trucking/courier in the consolidated Washington
Batimore MSA
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Figure 9. Clugters of warehouse and trucking/courier locations in the Detroit MSA

There emerges even from this very limited andyss, differences in the spatid patterns of
cdugers found in the two metropolitan regions. The cluster of warehousing found in



Detroit subsumes that of trucking/courier activities and ther spatid means ae
extremely close together. In contrast, while there is condderable overlgp in cugterings
sen in the Washington-Bdtimore region, there is dso an indication tha the
trucking/courier élipse is more westward oriented. This would correspond to the spatid
patern of the soread of high technology industry in the region and, perhaps indicae
that differential moddling may be required to dlow for this
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Figure 10 Near neighbour indices for warehousing
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Figure 11 Near neighbour indices for trucking

The differences between the regions can dso be seen with the gpplication of near
neighbour andyss Figures 10 and 11 provide an index of near neghbourness for
warehousng and trucking/courier respectively. The patern that emerges is very smilar
for trucking/courier in the two regions, but something of a divergence in the case of
warehousng. The picture is one of limited near neighbourness for the Tables 1 and 2
provide the results from the core andyss of the Washington-Bdtimore as the number
of neighbours consdered increases, whils it continues to rise for Detroit. Again an



indication thet different types of modd may be needed to explan warehousng in the
two regions.

Of course, it may be tha the digributions of warehousing and trucking/courier are
smply random and that there is redly no underlying pattern. This can be consdered by
looking a the R ddidic, and the data avalable dlows this to be done a a reativey
dissggregated level. Tables 1 and 2 provide the results from the core andyss of the
Washington-Batimore MSA and for Detroit respectively. The estimated R coefficient
in these tables are for trucking/courier and warehousing ectivities broken down both by
the particular activities involved and then, didinguishing between trucking and courier
savices (exduding ar freight), and warehousng and Storage by sub-areas (counties)
with the dities.

Table 1 Clustering in the WashingtonBatimore region

Washington-Baltimore

SC Area R N z
Wash-Bat CMSA 421 Trucking and Courier Services, ex. Air 0.4999 794 -26.96 R
Wash-Bat CMSA 422 Public Warehousing and Storage 0.6891 2514 -29.82 R
Wash-Balt CMSA 423 Trucking Terminal Facilities
4DigitSIC

Wash-Balt CMSA 4212 Local Trucking, without Storage 2518 0.7350 1480 -19.49 R
Wash-Bat CMSA 4213 Trucking, except Local 2.518 0.7145 644 -1386 R
Wash-Bat CMSA 4214 Local Trucking, with Storage 2518 0.5495 246 -1352 R
Wash-Balt CMSA 4215 Courier services, except by Air 2.518 0.4870 144 -11.78 R
Wash-Bat CMSA 4221 Farm Product Warehousing and Storage  2.518 0.8191 4 -069 A
Wash-Bat CMSA 4222 Refrigerated warehousing and Storage  2.518 0.7500 10 -151 A
Wash-Bat CMSA 4225 General Warehousing and Storage 2518 0.4573 604 -26.46 R
Wash-Bat CMSA 4226 Special Warehousing and Storage, nec  2.518 0.6509 176 -8.86 R
Wash-Balt CMSA 4231 Truck Terminals Facility 2.518 0.5716 20 -367 R
By County

Prince William 421 Trucking and Courier Services, ex. Air ~ 0.936 0.6058 23 -362 R
Prince William 422 Public Warehousing and Storage 0.936 0.6872 105 -6.13 R
Fairfax 421 Trucking and Courier Services, ex. Air ~ 0.109 0.5150 86 -860 R
Fairfax 422 Public Warehousing and Storage 0.109 0.7606 206 0.00 R
Alexandria 421 Trucking and Courier Services, ex. Air ~ 0.004 0.5150 22 -432 R
Alexandria 422 Public Warehousing and Storage 0.004 0.5310 46 -6.09 R
Arlington 421 Trucking and Courier Services, ex. Air ~ 0.007 0.3821 8 -33 R
Arlington 422 Public Warehousing and Storage 0.007 0.5862 29 -426 R
Loudoun 421 Trucking and Courier Services, ex. Air ~ 0.141 0.5190 22 432 R
Loudoun 422 Public Warehousing and Storage 0.141 0.6189 66 -592 R
Pr. Georges 421 Trucking and Courier Services, ex. Air ~ 0.134 0.5106 83 -853 R
Pr. Georges 422 Public Warehousing and Storage 0.134 0.7729 314 -7.70 R
Montgomery 421 Trucking and Courier Services, ex. Air ~ 0.137 0.5094 59 -721 R
Montgomery 422 Public Warehousing and Storage 0.137 0.7223 187 -7.26 R
Frederick 421 Trucking and Courier Services, ex. Air ~ 0.181 0.8663 71 -216 R
Frederick 422 Public Warehousing and Storage 0.181 0.6397 15 -267 R
Washington 421 Trucking and Courier Services, ex. Air ~ 0.018 0.5046 37 -576 R
Washington 422 Public Warehousing and Storage 0.018 0.7075 98 -554 R
Baltimore 421 Trucking and Courier Services, ex. Air ~ 0.165 0.7477 277 -1092 R
Batimore 422 Public Warehousing and Storage 0.165 0.3951 89 -803 R
Baltimore City 421 Trucking and Courier Services, ex. Air ~ 0.022 0.7396 223 -744 R
Baltimore City 422 Public Warehousing and Storage 0.022 0.7871 126 -457 R
Harford 421 Trucking and Courier Services, ex. Air ~ 0.122 0.8131 124 -398 A
Harford 422 Public Warehousing and Storage 0.122 0.6204 22 341 R
AnnaArundel 421 Trucking and Courier Services, ex. Air ~ 0.113 0.7175 236 -830 R
AnnaArundel 422 Public Warehousing and Storage 0.113 0.6993 54 -423 R
Howard 421 Trucking and Courier Services, ex. Air ~ 0.069 0.5629 142 -996 R
Howard 422 Public Warehousing and Storage 0.069 0.3851 53 -850 R
Carroll 421 Trucking and Courier Services, ex. Air ~ 0.123 0.8920 70 -1.73 A
Carroll 422 Public Warehousing and Storage 0.123 0.4108 10 -356 R

The findings for the Washington-Batimore MSA is that the R coefficients suggest that
the null hypothess of a random spread of both warehousng and trucking should be
rgjected for most of the region. Indeed, only two SICs, 4 digit types of warehousing and



dorage (farm products and refrigerated warehousing, both of which are perhaps to be
expected) emerge as having a random digribution. The remainder have R coefficients of
less than unity implying a degree of clugtering. Spatid disaggregation, agan shows a
proclivity towards dugering with only two counties having R coefficient vaues for
trucking that are not sgnificantly different to unity.

Table 2 Clugering in the Detroit region

Detroit MSA

SiC Area R N z
Detroit PMSA 421 Trucking and Courier Services, ex. Air 0.7814 1722 -17.36 R
Detroit PMSA 422 Public Warehousing and Storage 0.6016 736 -20.68 R
Detroit PMSA 423 Trucking Terminal Facilities 0.2871 20 -610 R

4 Digit SIC

Detroit PMSA 4212 Local Trucking, without Storage 0.8232 979 -1058 R
Detroit PMSA 4213 Trucking, except Local 0.7444 595 -11.93 R
Detroit PMSA 4214 Local Trucking, with Storage 0.6111 98 -736 R
Detroit PMSA 4215 Courier services, except by Air 0.7984 50 -273 R
Detroit PMSA 4221 Farm Product Warehousing and Storage
Detroit PMSA 4222 Refrigerated warehousing and Storage
Detroit PMSA 4225 General Warehousing and Storage 0.5793 582 -19.42 R
Detroit PMSA 4226 Special Warehousing and Storage, nec 0.6923 134 -6.81 R
Detroit PMSA 4231 Truck Terminal Facility 0.2871 20 -610 R
By County
Monroe 421 Trucking and Courier Services, ex. Air  0.1564  0.8521 73 242 R
Monroe 422 Public Warehousing and Storage 0.1564  0.8451 17 -122 A
Wayne 421 Trucking and Courier Services, ex. Air ~ 0.1744  0.8772 838 -6.80 R
Wayne 422 Public Warehousing and Storage 0.1744  0.6775 354 -1161 R
St. Clair 421 Trucking and Courier Services, ex. Air ~ 0.2067 1.0023 118 005 A
St. Clair 422 Public Warehousing and Storage 0.2067  0.8643 33 -149 A
Oakland 421 Trucking and Courier Services, ex. Air ~ 0.2582  0.8265 343 -6.15 R
Oakland 422 Public Warehousing and Storage 0.2582  0.6472 27 -957 R
Lapeer 421 Trucking and Courier Services, ex. Air ~ 0.1898  0.9400 65 -093 A
L apeer 422 Public Warehousing and Storage 0.1898  0.6547 16 -264 R
Macomb 421 Trucking and Courier Services, ex. Air ~ 0.1373 0.7745 285 -7.28 R
Macomb 422 Public Warehousing and Storage 0.1373  0.6373 115 -744 R

The R coefficients can dso be looked a more generaly to see which types of logigtics
activities tend to be more inclined to spatid cdudering than others A smple comparison
between trucking and courier services and warehousing implies rather more dustering
within trucking in the region. At the 4 digit SIC levd, activities such as locd trucking
with dorage, courier services, and generd warehousing and dorage seem to be more
dustered than other forms of locd logigic support faciliies. The high Z vdues
asociated with the R coefficients add support to the strength of this pattern.

Detroit (Table 2) throws up smilar paterns to Washington-Bdtimore consolideted
region with litle support for the notion tha trucking/courier and warehousng/storage
fadlities are dther randomly or regulaly didributed. The only limited evidence of
datidicaly sgnificant randomness involves a few counties, but a the aggregate spatid
level by both 3 and 4 digit SICs the null hypothess of a random didribution is reected.
Agan, comparing R coefficients, there are far few low vaues recorded in Detroit than
in Washington-Bdtimore indicating thet whilst dugtering is present it would seem to be
a somewhat wesker phenomenon.

This type of information indicates that from a policy perspective it is important to treet
the various forms of urben freght trangport differently. From an empiricd moddling
dandpoint it would imply that parameter estimetion requires recognition of the various



forms of urban logidics needs to be explicitly recognised and thet excessve aggregation
may generate spurious results.

7. CONCLUSIONS

To reterate the opening comments, this paper is not directly concerned with the
deductive approach to regionad science, other than thet it may offers indghts into the
gopropriate premises to adopted in arguments, but rather follows more of the inductive
method. There have numerous efforts to devdop smulaion modds of urban freight
activities but empirica andyss is ill scant. Since it takes time to assess the merits of a
modd, a least according to Friedman's criteria®, more sampligic data andydss may
offer a leest some short term guidelines as to the foundations upon which ussful modes
may be based.

Technology advances have led to the adoption by transport companies of such
procedures as dectronic data interchange (EDI) while innovative management has led
to devdopments such a advanced supply-chain management and manufacturing
resource planning. With these changes have come new idess on how urban logisics
should be dructured. To maximise the potentid efficiency gans of these new
technologies and management practices, it is important that locd planning agencies
upply transportation infrastructure and managing the exiging networks have good
information on where change is occurring and how it is likely to progress in the future.
Enhanced moddling is pat of this but their practicd use is limited in the absence of
good daa Undersanding the patern and clustering of trucking/courier bases and
warehousing isimportant in modelling where future traffic flows will concentrate.

This pagper has teken GIS data from two US cities and applied near-neghbourhood
andysis to examine paiterns of trucking/courier and warehouse/'storage clugtering in the
late 1990s. Tha dugering does occur seems to be a redity dthough the degree of
cdugering does differ between the cities and between the sub-categories of
trucking/courier and warehousing that have been isolated. Why this is the case requires
a different type of andysis to that applied here, one that tests causal linkages. This sudy
has limited itsdf to the more basic quedion of describing the nature of the dudersand
has made no attempt to analyses why they occur asthey do.
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ENDNOTES

! Much freight modelling is ill founded on variants of the aggregate four-stage traffic
forecasting format (D’este, 2000). There have been efforts in the past to develop specific freight
modes based more solidly on an economic foundation. At a very early stage Allen (1977)
developed a micro framework that incorporated an extensve st of economic variables and
made the production and trangport process interdependent. Attributal modelling, of the type that
underlies modern random utility models was dso tinkered with by Baumol and Vinod (1970),



athough its application was not extended to urban cases. This and much of the subsequert
work, represent exceptions rather than the rule.
2 The term hub-and-spoke operations is a generic ones and these types of structure can
take awide variety of forms. For a discussion see Beuther and Kreutzberger (2001).

Friedman (1953) argues that ‘the ultimate test of the vaidity of atheory is not
conformity to the canons of forma logic but the ability to deduce facts that have not yet been
observed, that are cgpable of being contradicted by observation, and that subsequently does not
contradict.’
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