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ABSTRACT

World over, there has been an increasing research into the field of Geographic Information
System (GIS) with particular emphasis on addressing myriads yotadday issues with the
application. One of such area that has received wide attention is Transportation Planning. This
therefore underscores the urgency and appropriateness of this researdtisSéristionputs
forward an efficient method for the Tfaf Analysis Zoning (TAZ) of the Federal Capital City
(FCC) which is necessary for implementing a planning process with Geographic Information
System (GIS) for Transportation (&S, using statistical spatial data analyses and GIS
technology. The major roles of GIS in this method includes the production of basic spatial units
(BSUs) with topological data structure, the integration of various procedures during the TAZ
generationncluding computer program routines and the visualization of the output of each TAZ
generation. One of the most significant reasons for obtainingtisBiled TAZs is the fact that

they are defined at the outset of transportation demand modeling, usettifrayaneration to

trip assignment, and will ultimately affect transportation policy decisions.
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CHAPTER ONE

INTRODUCTION

11 PREAMBLE

The applications of a GIS are vast and continue to grow. By using Geographic Information System
(GIS) scientist can research changes inetronment, engineers can design road systems, electrical
companies can manage their complex network of power lines; governments can track the uses of land,
and police departments can plan emergency routes. Many private businesses have begun to use a Gl

to plan and improve their services.

The Canadian government built the first GIS, the Canada Geographic information system during the
1960s to analyze data collected by the Canada land inve(ibiter and Shawn 2001)Other
government and university latadories soon built simulator similar systems. However, GIS systems
were not widely used until the late 1970s, when technological improvements and lower costs made
computer widely available. GIS sales boomed during the 1980s, as government and businedses fo
more users for the systems. A number of comgsmbiegan producing new GIS sadire to program
computer systemt® increase their functions. As thie early 1990s, about 100,000 GIS systems were

alreadyin Operation(Shawn 2002)

Over the years, thefeavebeen much progress in all facets of GIS in transportation planning known as
GIS T and a wide variety of applications have emerged. A number of notable GIS and related
advances have paved the way to the application in urban transportation. Thede ata capture
methods, spatial integration technologies, technology platform, GIS as a platform for modeling
transportation system, web technologies, and organizational facilitators. Brief descriptions are
provided in this research work. Owing to favalle future conditions, it is expected that GIS will play

an increasingly important role in transport planning and management (Peak 2000).

1



12 GEOGRAPHIC INFORMATION SYSTEMS FOR TRANSPORTATION (GIS-T)

In a broad sense a geographic information syster)(Glan information system specializing in the
input, management, analysis and reporting of geographical (spatially related) information. Among the
wide range of potential applicationSIS can be uskfor, transportation issues have received a lot of

attention.(A specific branch oGIS applied to transportation issuesmmonly labeled as GIE, has

emergedl Geographicinformation Systems for Transportati(@IS-T) refers to the principles and
applications of applying geographic information technologies to transportation problems [Miller and
Shaw, 2001]GIS-T research can be approached from two different, but comptargedirections.

While some GIST research focuses on issues of how GIS can be further developed and enhanced in
order to meet the needs of transportation applications, otheT GSearch investigates the questions

of how GIS can be used to facilitatedaimprove transportation studies [Shaw, 2002].

Transportation planning is the process of examining travel and transportation issues and needs in
traffic areas. It includes a demographic analysis of the community in question, as well as an
examination otravel patterns and trends. The planning process includes an analysis of alternatives to
meet projected future demands, and for providing a safe and efficient transportation system that meets
mobility while not creating adverse impacts to the environman¥unicipal areas with over 50,000
populations, the responsibility for transportation planning lies with designated Municipal Planning

Organizations (MPO).


file:///C:\Users\ENGR\Documents\New%20Folder%20(2)\trspgis.html
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Fig 11: Typical transportation planning process for a municipal area.

For effective planning and for digital analysis, the process of delineation must be considered.

1.3 AIM

The aim of this research is to create a frameworkHerTraffic Analysis Zoning (TAZ) of Federal

Capital City (FCCusing Geographicahformation System (GIS).

1.4 STATEMENT OF RESEARCH PROBLEM

Although the benefits of GIS are vast and continues to increase, there has to be a specific framework
for harnessing such benefits. In developed countries, GIS is widely used address transportation issues
Such advancement however came as a result of theniaegl computebased framework for the

analysis and processing of transportation related data. There is therefore the need to create a GIS



framework for transportation issues in developing nations such as Nigeria so that the immense benefits

of GIS becoms readily accessible to all and most especially planners at all levels.

15 OBJECTIVE

To achieve this aim, the following are the objectives:

1. Digitizing the map of the Study area.

2. Creating a database for the planning.

3. Generating data analysis using Ax8.

4. Creation of Traffic Analysis Zon@AZ) map.

5. Creation of Origin and Destination Survey MatrixQDMatrix)

6. Creation of Desired Line

16 JUSTIFICATION

The study is meant to highlight GIS as a planning tool for transport planners, the bendfich is

hoped taharness the following

e Data collection cost reduction, data maintenance cost reduction, improved data

reliability and most important application not otherwise possible.

e Integration of data which generally makes it possible to stmdyy relationships

among two or more data element.

e Growth in integration system which will affect the cost of providing linkage rapidly by

the value of the increase in information that the system provides.



e Forecasting of future plans in traffaoneanalyss as it affectstransportation impact
analysis and public transit operation.

17 SCOPE OF WORK

The research work will cover the following areas:

Overview of GIS T.

e Analysis ofTraffic Analysis Zoning

e Delineation of TrafficAnalysis Zones

e Generation of €D Matrix.

e Creation of desire line using GIS



CHAPTER TWO

LITERATURE REVIEW

21 INTRODUCTION AND RESEARCH BACKGROUND

There is a powerful synergy between GIS transportation modeling system. In the context of this
research,Geographic Information System (GIS) is definas i asystem ofcomputer hardware,
software and procedures designed to support the compiling, storing, retrieving, analyzing and display
of spatially referenced data for addressing planning and managemel@nmoln addition to this
technical component, a complete GIS must also include a focus on people, Organization and
standar dso ( B iAlsmilaredefinitiar is Ar®videdl )by the U.S Federal Highway

Administration (2004) and Syed Anees Ahmed (2003).

GIS present a powerfulew means of efficiently managing and integratihg numerous types of
information necessary for ¢hplanning, design constructioanalysis, operation, maintenance and

administration of transportation systems and facilities.

Canaa is a world leader in early innovation in GIS. The Canadian GIS, the first known mainframe
based operational system was developed for environment Candta k960s (Lukes 1991) Oxford
Country Ontario has attracted international attention for its fpulfpose GIS implementation which
required the coordination and integration of data from various municipalities and provincial

government data bases (Khan 1995). Increasing number of Canadian urban area is benefiting from GIS



initiatives. Also, GIS is enainlg the application of smart (sustainable) development concepts and

intelligent transportation system.

This researcliescribes advance in geographic information system and discusses applications of GIS
in the planning and management of urban transportasigstems. Additionally, it discusses

requirement, applications and benefits of GIS in urban transportation planning.

Nowadays urban transportatio systens analyss and modeling require severd know-how and
knowledge for respondiig to actud challengs and issues (energy environment urban sprawl,
demographicscongestion infrastructue plannirg and rehabilitation) Amongg specializel tools
used for medium and long-term studies information technologie and visualization tools are
becoming prominent.
Generic in nature but specific to the methodological procedures undertaken in the Greater Montreal
Area (GMA), the CATI (ComputerAssistel Telephor Interview) househal survey is conducted
abouteveryfive yearsovera 5% sample.Typically, it representgabout160,000peoplebelongingto
65,0@M household declarirg some 400,0® individud trip records for an averag@ weekday.
Individud trips are georeferencd for the residence trip origin and destination modd
junction points (kisssandride and park-andride locations) and are describel for their househad
andpersonacharacteristis (age gender car license ca ownershipincome in addition to the trip
attributes (purpose mode departue time, train-subwaybus routes taken if traveling by transit,
bridges ard highway taken if traveling by car). The validation of the interview answes ard the
completion of the trip detaik are execute by a GIS-basel progran (addres matching geocoded

trip generatorsacces calculationstranst netwok in service shortes pathh computations)

22 TRAFFIC ANALYSIS ZONE



A traffic analysis zonés the unit ofgeographymost commonly used in conventioriednsportation
planningmodels. The size of a zone varies, buttigrical metropolitan planning software, a zone of
under 3000 people is common. The spatial extent of zones typically wramesdels, ranging from

very large areas in thexurbto as small as city blocks or buildingsdantral business district¥here

is no technical reason why zones cannot be as small as single buildings, however additional zones adc

to the computationaldrden.(Open Shaw, 1997)

Zones are constructed by census block information. Typically these blocks are used in
transportation models by providing so@oonomic data. States differ in the seeamnomic data that
they attribute to the zones. Most often tritical information is the number of automobiles per
household, household income, and employment within these zones. This information helps to further
the understanding of trips that are produced and attracted within the zone. Again these zones can
chang or be altered as mentioned in the first paragraph. This is done typically to eliminate unneeded

area to limit the "computational burden."

A traffic analysis zone (TAZ) is a special area delineated by state and/or local transportation
officials for tabuéting trafficrelated dafeespecially journeyo-work and placeof-work statistics.
A TAZ usually consists of one or more census blocks, block groups, or census tracts. For the 1990
census, TAZs were defined as part of the Census Transportation Planokagd@CTPP). The
U.S. Census Bureau first provided data for TAZs in conjunction with the 1980 census, when it

identified them as "traffic zones."

Each TAZ is identified by a sigharacter alphanumeric code that is unique within county or
statistically eqgivalent entity. For the 1990 census, TAZ codes were unique within CTPP area,

which generally conformed to a metropolitan area.

2.2.1 Work Zone and Traffic Analysis


http://en.wikipedia.org/wiki/Geography
http://en.wikipedia.org/wiki/Transportation_planning
http://en.wikipedia.org/wiki/Transportation_planning
http://en.wikipedia.org/wiki/Transportation_planning
http://en.wikipedia.org/wiki/Commuter_town
http://en.wikipedia.org/wiki/Central_business_district

To meet safety and mobility needs during highway maintenance and construction, and tbemeet
expectations of the traveling public, transportation practitioners need to minimize and manage the
work zone impacts of road projects. Understanding the anticipated type, severity, and extent of work
zone impacts associated with various project altesem enables practitioners to include appropriate
mitigation strategies during project programming, design, and in the development of effective

transportation management pldis1Ps).

Analysis of the work zone may include consideration of items such as the following:

« Mobility and safety impacts of the project at the project, corridor, and network levels.

« The combined impacts of concurrent projects that lacated near each other or on the
alternate route for another project.

e Impacts on nearby intersections and interchanges, railroad crossings, and public transit and
other junctions in the network.

e Impacts on evacuation routes and affected public property.

« Impacts on affected businesses and residences.

Analysis may necessitate the use of analytical tools, depending on the degree of analysis required.
Some tools, such as QuickZone and CA4PRS, were designed for work zone related analysis. Other
traffic analyss tools that were not designed specifically for work zones may also be useful for

analyzing work zone situatiorif€hapleau 2003)

2.2.2 Quickzone

QuickZoneis an easyo-use computebased traffic analysis tool that compares the traffic
impacts for work zone mitigation strategies and estimates the costs, traffic delays, and potential

backups associated with these impacts. The target users of QuickZonatarartk local traffic


http://www.ops.fhwa.dot.gov/wz/resources/tmp_factsheet.htm

construction, operations, and planning staff, and construction contréCtapleau 2003)QuickZone

can be used to:

e Quantify corridor delay resulting from capacity decreases in work zones.

« Identify delay impacts of alternative profjgphasing plans.

e Support tradeoff analyses between construction costs and delay costs.

« Examine the impacts of construction staging by location, time of day (peak verseakff
and season (summer versus winter).

o Assess travel demand measures and alblery mitigation strategies.

e Help establish work completion incentives

2.2.3 Desire Line

Desire Ine is synonymous to desired path as presented by Wikitionary and Wikipedia. It represents the
shortest or most easily navigated route between an origirdestthation. It shows the desire for
movement from one place to another. It could be a pedestrian track as in foot path, bicycle lane, set
route for vehicles and motorcycles. It connects the origin with the destination. It could also cut across
a patch ofgrass or paths in the snow or over a rugged terféia.path usually represents the shortest

or most easily navigated route between an origin and destination. Even if one is not familthewith
term, desire lines are seen in action every in both rachugan centres. It is indicative of the demand

for transportation between various origins and destinatior& vis the prevalent or available mode of
transportation obtainahl&or many cities, the grid of streets and transit systems were likelyoaia d

long before the buildings grew up around them, thdokihie rigourof planners and engineers who
knew best. But as cities transition in ways that challenge the century old plan, they need new and
gui ck ways to i mprovise connections between a
Lineso. I t ilveornadown leyfoat trdffio to create & sharter distance between two points.

It also represents user innovation as a faster route between origin and desfiuatietimes, planners
10



take heed of the suggested changes and reconfigure the paved sidewatid|zifg the
recommended changes. Belaas depicted in figure 2.5 a typical area view of desiti@e through a

vacant lot in Detroit.

Fig 2.1: Desire paths through vacant lots in Detroit, Byeet Juniper

Desire lines, like desire paths, are applied on a slightly larger scale, to urban transit
movements. A desire line would therefore be a new bus rout&kemphth or ferry line between two
areas people want to go. A subway is about building a larger infrastructural network, in this light, a
desire line exists to connect place to place. The beauty of desire lines are not only their light touch, but
also the nique multimodal options they can introduce to a city: gondolas stringing up hillsides, ferries
chugging between two waterfront neighborhoods. Imagine cities shifting away from the bulky pre

determined routes for cars in favor of diagonal bike paths ahesp@an cuthroughs.

With today's data collection and ability to study traffic patterns, it's much easier for cities to figure out
where their residents want to go. Instead of massive capital campaigns, expect to see a lot more nimble
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"desire line" tranis knitting together our cities. In Urban Planning, the concept of desire paths can be

used when analyzing traffic patterns in any mode of travel (Alissa Walker 2014).

2.2.4 GeographicareaDescription

A traffic analysis zone (TAZ) is a specklea delineated by state and/or local transportation officials

for tabulating traffierelated dataespecially journeyo-work and placeof-work statistics. A TAZ

usually consists of one or more census blocks, block groups, or census tracts. For then4980 c
TAZs were defined as part of the Census Transportation Planning Package (CTPP). The U.S. Census
Bureau first provided data for TAZs in conjunction with the 1980 census, when it identified them as
“traffic zones."Each TAZ is identified by a sighamcter alphanumeric code that is unique within
county or statistically equivalent entity. For the 1990 census, TAZ codes were unique within CTPP

area, which generally conformed to a metropolitan éBeeetti 1996)

225 A RecommendedAppr oachto Delineating Traffic AnalysisZones
Procedure based odetailed giidance on the best pracices in delineating traffic analysis zones
(TAZ), either for anew travel demandmodel, or to further refine anexisting travel demand mode is

here highlighted One can definea TAZ, dso referred toasa zone, athe following:

TAZs seave as the primary unit of analyds in a travel demand forecasing model. They ntain
sociceconomic datarelated toland use. TAZs ae where trips begn and end (Bartoni Aschman
Associates 19980ne may refine TAZs to improve the accuracy of a model, such asto reflect a
new or revised development of regional impact (DRI), conduct a subara analyss, reflect new
roads or political boundaries, for the purpose of validating a nodel, and/or to assistin delineding

sacioeanomic data basedn Census baindaries and other geographies. One should consider
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roadway network and physical geography when delineaing TAZ boundaries. However,there
are other condderations that are sametimes overlooked One should also consider the

following additionalfactaswhen delineating TAZs:

Highway network compatibility:
i Existing and planned transportation facilities; and

i Centroid connectorloadings.

Boundary compatibility:

I Physica geagraphy;

i Census geography;

i Political geography;

T Planning District/Sectorboundaries; and

i lrregular zone geography.

Socioeconmic daa (existing and future):

T Homogeneous land uses, where feasible;
i Special generatas;

i Tripsperzone;and

T Dewvelopments of regional impact.

Access:
T Transit access;and

i Freight/intermodal fadlities.
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Other considerations:
T Zone $zeand intrazona trips; and
i Internal versus external zones.
2.3 ZONE SIZE AND QUANTITY
The ided size of a TAZ depends on what the model will be usedfor. Below are ideal nne szes for
threetypical uses (Barton 1998)
1. Large-Sized Zonesfor System or Statewide Planningi TAZs can be larger than

the arterial grid and with up to gproximatdy 20,000persons per zone;

2. Medium-Sized Zones for Arterial Planning i Two or more arterials should not
travasethe TAZ in any direction and with up to approximately 4,000 personsper

zore and

3. Smdl-Sized Zones for Corridor Analysisi TAZs in a corridor or subarea
should be more refined and should be greater han 1,200, but less than 3,000 persons
perzore.

If the model netwark is sparse,the TAZ structure usually includes larger zornes to accommodatéhe
sparsehighwaynetwork If a model network is more dcetailed, snaller TAZs ae required to

accommodate he adlitiona netwak detail (Bineti,1996)

Although TAZs @n beas smallas a s$ngle block, they ae usually betveen0.25to onesguare
mile in area (Being born 1995) One should consider the intended use of the model and what datais

usedto populate the TAZs when detamining the appropriate size of he TAZs. One cancdculate
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the aeaof aTAZ in GIS using the TAZ boundary shapefile, and then querying all TAZs with an area
greaterthan one square mile. Those largr TAZs can then be reevalated to determine if further
disagyregation isfeasible. Most models usually have betveen500 and 2,000 TAZs (Ibid), depending
upon the size and density of the planning aea. The snaller the TAZs, the more acurate the
forecastsmight be. However, having a higher number of TAZs in the model does require more
detailed data. It is recanmended that the model developer consider any TAZ splits made during
corridor studiesfor inclusion during the next model updat.

According to the U.S. Census, Census tracts should include between 1,200 and 8,000
persons,with an optimum sizeof 4,000persons. Tip production rates vay anong household type,
auto avalability, and other household charaderistics. Trip attracion ratesvary anong employment
type and region. However, using a national aveaagetrip production rate of 3.64to 3.87trips per
persan (Barton 1997) asaiming 4,000 people per Census tract, approximately 15,000 trips per day
are produced from the one Census tract, assiming the zone did not include any employmert to
attract trips. One should consider splitting zonesexceeading 15,000 daily trips to achieve snaller-
sized zones,such asthose used for caridor planning. If the Census tract weredensemwith upwards
of 8,000persons,one walld needto disagregatethe Census tractfurther for the purposes of defining
the TAZ structure, based orperson trips geneseted per zonealone. The Census Bureau iscurrently
consideringncreasinghe minimum numberof persongerblock group (and potertially TAZS)
to 1,200 persons (previously 600) or 480houséolds. The existing maximumthresholdsof
3,000 personsand 1,200 housenholds per block group remain unchanged. As a reallt, the
number of personsper TAZ should begreater han1,200,but lessthan 3,000for baseyearTAZs.

If the geographic size of a TAZ is too largeand a TAZ hasbath productions and atracions
(dwelling units and employment), one may reduce the trips assigied to the roadway network dueto a
larger number ofintrazonal trips. Intrazad trips are thosethat are short enough to begn and end

within the samezone and, thus are not assgned to he roadway network. TAZs that include only
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employ- ment or only dwelling units may alsohave ntrazonaltrips, but only for the nonhome-based
trip purpose(FHA 1990) One may reduce the number of intrazond trips by decreasinghe size of

the TAZ. In addition, reducing zonesize should decrease intrazoral travel times, potertially

enhandng performance of the gavity modd trip distribution proces. Additionaly, if the TAZ is

too large, an over-representatin of trips on centroid canectas can erroneously load an excesive

numberof trips on a highway netwak link. As a gereral rule of thumb, centroid connector loadngs
should be lessthan 10,000 to15,000vehicles per day (FHA 1990) Lastly, if two or more transit
stations or highway interchangesare located onthe samerAZ boundary, one maylikely needto split

the zoneto achieve aproper loading of trips.

23.1 Internal VersusExternal Zones

TAZs insidethe study area,or model boundaries, are defined asintema zones. Thosezones outside
the stidy area along the model boundaries are defined as exterral zones or extemal stations. To
accuratdy reflect travel pattens within the study area, the study area should be large enough so

that nearly dl (over90 percent) of the trips beginand end within the study area(Being born 1995)

24 BOUNDARY COMPATI BILITY

24.1 PhysicalGeography

Physical geography refers to any permanent visible feaure that might restict acess and act as a
barier for free movement. Some of these features may nclude:

Water bodies, such as bays, lakes,rivers, canals, and Natural bariers, sich aswetlands and seep
slopes.

The primary rea®n for using physical geography to delineae TAZ boundaries is to provide
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realstic accessfrom the TAZ centroid to the nodeson the nodel netwak. Certroidsare caledinto
the model netwak to identify the center of acivity within a zone. Centoid Connectors are coded
into the nodel netwak to connect the centroids to transportation facilities, usually represeiing
aacess via lacal roads or ngor driveways. Having a cetroid cannector passing through a physical
barrier conflicts with the assumption of free movement from the TAZ onto the network, as the
barier does not allow for such movement.

Understanding the physical geography provides the modeler with an ability to determine
accesshility betwveen TAZs and transportation fadlities. Useful information on thisFigures 217a,

2.17b, and 2.17c provided.

Zone - Q8

Figure 2.17a,b,c. Access Links

(a) (b) ()

Figure 2.17a indicates accesdinks travesing water body.
Figure 2.17b indicatesaccesdinks overcollecta's shownin yellow.

Figure 2.17c indicates accesslinks conrect to model network ignoring the lack of underlying

comectivity of all local roads(in gray).

As shown in Figure 217a, not consideing the existence of a water body mayreailt in
the centroid connector travesing the water body. Figure 217b indicates cetroid connectors

crossihg collector roads. In realty onewould use collector steetsto connect with major roads.
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Figure 217c indicatesthe needfor under- standing the connectivity of underying local roads, even
if they are not included in the model network. This understanding helps in providing readlistic linkage
to the model netwak. In Figure 217c, the undedying local road structure indicates tat local street
access aiststo all four bordering aterial strees, but no centroid cannectoris included to the right

(eas).

How to Use Physcal Geography

One can collectdataon physical featuresthat may potentially restict movement from seveal
publicly available saurces. As mertioned ealier, a few important featresinclude waterbodies and
any topologica and environmental barriers. Interms of waterbodies, all kinds of water bodies, such
as marshy lands, lakes, or rivers, provide physical bariers, and hence, one must consider them in
deter- mining TAZ boundaries. One should also casider other bariers, such as steep sfs,
presace ofnatural habitats, and consevation arezs.

Upon obtaining the data layers for these physicd features, a simple rule of thumb is to
ddineate TAZs bounded by these permanent physicd features. As depcted in the figures below,
delineating TAZs bounded by these permanent bariers would assis$ in providing realistic linkages
between the TAZ centroids and the network. Referring to earier examples, Figure 2.18a represents

a better way.

Lone-425 IR,

Zone - 436

‘-
-




Figure2.18aindicates zones being delineated using boundaries

of water body.

Figure2.18b indicates zones being delineated using major roads as

boundaries.
(a) (b) (c)

Figure 2.18c indicates zones being delineated using connectivity

depicted by local roads.

Similarly, Figure 2.18 shows how TAZs can be delineated basedon the location of major roads,
while Figure 2.1& shows the us€ulnessof having dataon minorroadsin termsof delineating

TAZ boundaries

24.2 CensusGeography

Census boundaies cover a wde range of geographic detail, ranging from Gensus blocks to
block groups and Census tracts. Figure 219 below provides an eanple of blocks (light grey
street9, the smallest geographic unit of the Census; dock groups (shaded colors); and Census tracts

(red baindaies).

Census Tracts

=3

Block Groups (Colored Areas)

i = — l: Blocks
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Figure2.19 BlocksversusBlock GroupsversusCensusTracts

Why UseCensais Gegyraphy?

Travel demandmodels typically usea variety of demographic dataasinputs. Thesedata are
developed at a TAZ level and input into the models. Population and dwelling units are two widely
used attibutesthat are also availalde at a vaiety of Census geographies. The Census cdllects and

reports thesedaa evey 10 yeas by Gnsus geography.

Formulating TAZ boundaries along the Census geography enables modelers to readily access
all Cersus demographic dataor any otherdatagts like the Census Transportation Planning Package
(CTPP) that are basedon census geography. CTTP is a canprehensive setof spedal tabulations from

the decennial census designed for transportation planners to enable themto analyze demographic and

travel trends (US Dept of Transportationjhat facilitate validation of model inpus. CTPP
typically provides data at veus census gegraphic levels (from state to tbck group); hence,
formulating TAZ boundaries along census geography provides seanless access toall information
from CTPP. Further, with the growing importance of the American Community Survey
(ACS) in regad to ftavel demand model cdibration and validaion, another census
geography known as Public Use MicrodataAreas(PUMAS) canbe beneficial A PUMA is an
area with a decennia census population of 100000 or more people for which the Gensus provides
specidly sekeded «tracts of raw daa from a sample of long-form census records. The
delineationof PUMASs are basedon Census2000 population counts and are basedon
seveal rules and guidelines prescibed by the Census Bureau
(http://www.trbcensus.mm/aticlespumaguidelinespdf). According to tese gidelines, PUMA

boundariesshould befor the most part, contiguous (except when counties are discantiguous), and can
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only follow the baundaries of geographic areassuch ascounties orstatistcal equivalent areas, nmor
civil districts (MCDs), Census trads (but only within counties that have more than 100,000 people)
and places (with exceptions for unincorporatedplaces). The information that the Census provides
is referredto asa fipublic use micodatasanple (PUMS)0 file. Typicdly, two types of PUMAS are

delineakd asfollows:

Areasthat contain at least 100000 people. The PUMS files for these PUMAS contain a
five percent sample of the long-form records. Figure 220 illustrates he PUMAS that contain a five
percent sanple.

Areasthat contain at least 400,00 people, alsoknown assuper-PUMASs. The PUMS filesfor these
super-PUMAS contain a one percent sanple of the long- form recads. The larger one percent

PUMAs are aggregationsof the smaller five pecent PUMAS.

PUMASs of bath types, whereverthe population size criteria permit, comprise aeasthat ae entirely

within or outsidemetropolitan areasor the central citiesof metropolitan arecs.

ACS, which is a keypart of the GCersus Bureay s Decennia Census Program, provides anually

updated data onthe characterstics of housing ad population. The bureaureleaseshis data
for legal, administrative, or statistical aeaswith estimatedpopulations of 65,000 or more. (US

Census Bureauplthough ACS estmates ae avaiable for seveal census geographies, PUMAS are
the smadlest geographic areas (that include both rural and urban aress) at which ACS datais
published. Nestng TAZ boundaries within PUMAS enables modelers to take adventage of ACS
microdatathat assigs in evaluating relaionships anong vaiablesnot shown in the sendard products

offered bythe Census Bureau.
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Figure2.20: PUMAs in Floridathat Contain a Five Percent Sample (at least 100,000

people)

However, note that since Census geography is oriented aound population and dweling units,
employment-oriented areas, such as Central Business Disticts (CBDs), warehouse districts, and
office parks tend to have very largetracts. Asareallt, employment-oriented aeaslikely needfurther
subdividing.

In addition to coveing awide range of geography, Census geography offers an advantge of being
hierarchicdly nested. This nesing enables uses to easly aggregateand disagyregateCensusdata
over a variety ofgeographiesFor exanmple, datafrom a lower geographic unit, such asblock groups,
can be agregatd to relate to data from ftacts, and disaggregaed to relae to data from blocks.
Having a TAZ structure consistent with Census geography also enables such disaggregaton or
aggregationto be conducted at a TAZ level, using datafrom Census geogaphies. This can be
extremely usetul when refining TAZ boundaiesin termsof being able to usedatafrom the Census

geographiesto derive datafor refined TAZ boundaries.
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How to Use Cersus Geography

Of all the Census geographies, the Census Bureau defines Cersus blocks as the smallest
geographic entity for which the Bureau collects and tabulates 100percent decennial
Censusdata Census blocks are defined as fi i@as bainded on all sides by visible features,such
as steets,roads, streans, and rail- road tracks, and by invisible boundaries, such as dty, town,

township, and caunty limits; property lines; and short, imaginary extensions of streetsand roads .

(US Census Bureau 2000)hese blocks can be used as fi tilding blo ¢ k ferodelineaing TAZ
boundaries. Once the analyst determinesthe areaand extent of the TAZ using vaious criteria that
are described inlater setions, TAZ boundaries canbe delineatedusing one or more of thesebuilding

blocks. The size of atypical block vaiesfromawell devdopedarea to a parselysettled aea.

In Figure 221, the grey lines indicate the block boundaries, and the yellow ones indicate
the TAZs. As seenin the figure, one can use blocks theoretically as hilding blocks to dHineate

TAZs, although reporting of select Census attributes is moe limited atthe block levd.
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Figure2.21 Delineating TAZsBased on Block Boundary

If the extent of the TAZ spans over a numberof blocks,then one might consder using larger
units of geography, the Census Hock group boundaries,to delineateTAZs. Census block groups are
defined as i acluster of Census blocks having the samefirst digit of their four-digit identifying
numbes within a Cersus tract. For exanple, for Census 2000, BG 3 within a Census tract
includes al blocksnumbeed between3,000 and 3,99. The block group is the lowestlevel geo-

graphic entity for which the Census Bureau tabulates sanple data from the decennial Census. 0

(US Census Bureau 200@p, if the extent of TAZs is fairly larger when comparedto block sizesin
an area, one can then check block goups to see ifthosecan be used asreferences for delineating
TAZ boundaries. As shown in Figure 2.22 where the colored aeasindicate various block groups, if
the required sizeof a TAZ matdies that of a block group, then one can delineatethat TAZ over

the block
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Figure 2.22: indicates how a TAZ boundary can be delineated based on a block group

boundary. Colored areas indicate block groups.

Figure 2.23: showshow to delineate TAZ boundaries for areas travesing partially over

multiple block groups. Colored areas indicate block groups

One can apply similar logic for TAZ areas that needto span acrossseveal block groups. In such
case, onecan usethe next larger unit of Census geography, the Census tract boundaies. Census
tracts are defined as i asmadl, relatively pemmarent staistical subdivision of a county or
statidically equivaent entity, delineated for daa presentatin purposes by a local group of
Cersus data usas or the geographic staff of a regiona Census center in accordance with
Census Bureauguidelines
For purposes of travel @mand nodeling, one $ould use tacts ashte largest sze of buildng blods for
delineaing TAZ boundaries. According to the U.S. Census Bureau, these tracts are designed to be
relaively homogeneous units with repect to population characterstics, eamnomic staus, and
living conditions at the time they are estblished. This trandatesinto homogeneity in terms of travel
patteans inside ezh Census tract. Therefore, ensuring that the baundaies of the largst TAZs

coregpond to Census tract boundaries may assist with depicting travel patteens more accurately.
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Further, Census trract boundaries ae delineaed with the intention of being stable over manydecades,
so they generally follow relaively permarent visible featres, which meets one of the important

criteriafor delineatng TAZs.

Note that local agencies ae providedthe opportunity to review and suggest nodifications for
the delineation of block groups, census tracts,census caunty divisions, and census-designated places
for the purpose of reporting data from the 2010 Census through the Participant Statistical Areas
Program (PSAP). Modeling staff should participatein this process tdearnwhat the new census tract

and block group boundaries are.

24.3 Political Geography

Political geography refers to all politically delineated boundearies, such as dties, counties,
MPOs, and stdes. Politica geography aso incorporatesany other local or regional jurisdictional

boundariesreflecting public entities.

Why UsePolitical Geography?

The primary purposeof delineaing TAZ boundaries consistent with political geography is for
subareaanalysis of model outputs Entities using travel demand models often need to
analyze/evaluate tavel pattans relevant to cer- tain predefined political geographies, such as cities or
counties. Nesing TAZs within this political geography fadlitates easy gouping of TAZs that fall
within that geography, and assistsin aggregatng outputs from the travel demand models. Hawving a
TAZ structure consisent with political boundaries also assis in isolating and extracing certainsets
of TAZs according to their location under political boundaries, and anayzing travel patterns relevant

to eah jurisdicion or within different political geographies. For exanple, if an MPO wishes to
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identify the magnitude of travel between each of its cities, having the TAZ boundaries consigent with
city boundaries assigs in the aggregation of data for eachcity, and then enables the modeler to

conduct anintracity travelpatten analysis.

How to Use Political Geography

The first stepin delineaing TAZs basedon political geography is to identify all political geography
that is of interest for analysis.Upon deciding that, one $ould collect data depicting the relevant
political geography either from apublic saurce, if available, or through a processof digitization or

georeferencing in software such as ArcGIS.

As in the aseof physical geography, upon obtaning the political boundary data, m&e sure that no
TAZ boundary partially overlaps with a politica boundary

Upon success$ul delineation of TAZs basedon politica geography, it might be helpful to
assgn all TAZsthatfall within a ceitain political geography alogical seriesof numbers. For exanple,
one can assign numbes ranging from 1to 99 to all TAZs that fall within a given political
boundary, such as a city. One can assigmumbe's ranging from 100to 199, and so onto all TAZs
that fall within a different city. Following this procedure would greatly assst in easily querying and
extracing all TAZs that bebng to aparticular dty. Evenif the dty does not have 100 TAZs insideits
boundary, for example, it has only 50 TAZs inside it, it would still be helpful to reseve TAZ

numbes from 51 to 99 avalable for any thecities.

24.4 Planning Districts and Sectors

Ideally, TAZs should be nested conpletely within planning district or sector bandaries. As noted

above,this allows for easierreporting of data,such as amographics; productionsand attractions; or
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trips, by planning district or se- tor. One can use zone-to-district equivalency tablesto compress
matrices, such as tip tales, to smmarize staistics ortrips bydistrict.

In addition, one should nest TAZswithin CBD boundaries, if atall possible.

24.5 Irregul ar Zone Geagraphy

Irregular zone gegraphy can cause the flumping oof trips onto the roadway netwark
unredisticdly. For exanple, asillustratedin Figure 2.22, if a TAZ is nostly rectangular in shape,
the longer centroid connectas will not assignas manytrips due to link distance. As areallt, the trips

most likely loadfrom the centroid to the roadway netwak using the shorter centroid connectors,

2.5 SOCIOECONOMIC DATA

2.5.1 Homogeneoud.and Uses

Land userefers to the manner in which portions of land or the structures on them are used, such

as commercial, residential, retail, industrial, etc. (Planning glossary, US Dor)Homogeneous land
usesare those hat are similar in nature, such as TAZs that include mostly houséholds or mostly

employees.
Why UseHomogeneausLand Uses?

In areaswith homogeneous development pattans, isdating acivities in separate TAZs asss§ts in
analyzing and measuring the bénavior of different activities (Figure 224). Also, asshownin the
Figure2.24 at placeswhere acivitiesareconcentratedon only one sideof the TAZ, onecanisdate
trip generdéon from such acivity easly by delineating the zonesbasd onland uses. In the exanple

depcted in Figure 224, by overaying parcd land use data, one can visually understand that
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Zone 609 has significant resdential development (colored as yellav), and Zone 586 has vey

sparsedevelgpment.

609

586

Figure 2.24Usage of Land Use Data to Analyzeand | solate Effects of

Different Kinds of Activities

How to Use Homogenous Land Uses

One canusetwo primary datasaurcesfor the purposes of identifying existing or potentia land useon
a given parcd: (1) City. s Maste/Comprehensive Plan; and (2) County s Property Tax
Appraisersparcel information. One canobtain masterplans by contading that particular city office.
The plan generally contains magps cepicting existing and future land uses for their jurisdiction.
Most cities have electonic versions of these maps that one can useredlily for the purpose. If the

cities do not have an electronic version of these maps, one can either contact the cainty for the tax
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parcel information or reference the land use mas gegraphically in software programs sich as
ArcGIS. The county6 $ax appraisal ofice collects informaion for each parcel to placea value on
each individud property. One of several attributes colleded is the current land use for each
property. One can redalily usethis information in delineaing TAZs, and it is typically avadlable on

line.

Upon succesgully obtaning the datafrom ether of the datagts or any other sourceonecandelineae
TAZ boundariesbased ortlustes of similar land uses

(Figure 225). One must use judgment to determine the logical groupings of land uses. It is not
necesay to isolateeach parcel with a distinct land use nto a TAZ, but basedon the required size of
the TAZ, one canjudge whatconstitutes a sigificant grouping of similar land uses. Figures 2.2%a

and 2.2% depct a few logical groupings of adivities to delineate TAZ boundaries. In Figure

2.2,

(N

ZARes519 and =299 are separate

%,
'////////(

514

(a) (b)

Figure 2.25a indicates thegrouping Figure 2.25b indicates grouping of
of commercial activity into the zane predominant activity into zone 1299.

588and predominant residentialactivity into zone 611.
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25.2 SpecialGenerators

Special generatas may be required when the normal trip generation equations produce extra
productions or attractions, or produce fewer than epectd for a gecific trip purposewithin a TAZ.
These adjustments maybe necessgy if the trip generationrates applied to he socioeonomic data
do not produce the carectnumberof trip ends. For example, parks and beachesnormdly havefew
workers and would produce very few attracions basedon employment. By canputing a valuefor
the TAZ from same other saurce, such as the Ingtitute of Transportation Engineas (ITE) Trip
Generatn Report, the planner canestimateavaluefor therecreationpurpose

Tabe2.1lis alisting of specialgenerabrs usedin Florida.

Table 2.1:

Examples of Special Generators
Common Others
Universities Hospitals
Community Colleges OtherShopping Cenkers

Parks/Beaches Govemment Buildings
Regiaal Shopping Tourist Attractions
Military Bases Ports

Airports

Externa Stations

Group Quarters
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For the purpose of ddineating TAZs, one should ke speciad generators as separate zones. An
example is auniversity in a mostly residential area.  Centroid connectors coded within the special

generator zone should represent the true acesspoint(s) of the gecial generatorto the surrounding

roadway network. (Barton 1998).

26 ACCESS

2.6.1 Transit Access

A good estimate of trangt ridership is sometimesdirectly relatedto a reduction in the sizeof TAZs.
An idealsituaion for travel demandmodeling is to have zonesas smdl as possible to minimize
aggregdion error.

This necesitatesa mechanism to evaluatethe percentageof the zone having the ahlity to walk to
transit. This reflectsthe factthat, although transit service may drectly sevice certan portions of the
zone (via wak acces), sane of the zone maynot be seved at all. This mechanism is known as
percent walk to transit or sinpl yperdént walk.0 The maximum distance is arrently setto one-half
mile.

Percent walks are carried into the mode doice utilities, expressedas different accessmarkets
Smdler zoneswith goodtransitservicearelikely to be i 1 Qo@cent wak,0 when all
activity hasthe ability to walk to transit. By con- trast,large zoneswith isolatedtransit savice are
likely to be fi 2 @&rcent walk.0 Such zonesare reflected in the mode choice model as 75 percent
given only drive-transit and non transit modes, and 25 percent given a (marginal) chance of walking

to transit and all othermodes.

The PT Module
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Zone ssizesand connectors take on a heightened sensitivity with the conversion ofFlorida nodels to
Florida Standard Urban Transportation Model Structure (FSUTMS) Cube-Voyager, as the Public
Transport (PT) module strongly relies on awell-developed one system wth centroid connectas
truly representtive of accesslegess capabilities. The new transit standards, recently developed by
FDOT, use PT to generate all walk- and transfer-aacess connections (or access legs  Unlike its
TRANPLAN-oriented predecessn PT uses only the centroid cannectas when generating the
access legs. The new one-haf mile maximum for wak-accesseffectively requires that zones
saved by transit need to have connectas less than onehaf mile. Zones with longer
connectorsare not connected to transit, regadless of the frequency of the transit
savice. Figure 2.26 shows two zones (463 and 568) with hourly bus seavice. Howeve, PT will
not createany walk-accesslegs, because all the connectors for bath zones g longer than one-half

mile.

. T

=)

Figure 2.26 Two Zoneswith Bus Service,But ExcessiveConnector Length
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Prevents Walk-AccessConnections

The following two sectonsdesciibe common problemsthat arise during fore- castng studies
when zoneareas & not properly sizedfor the desiredlevel of analysis. The final section describes
an easy nethod to evaluatethe dfecivenessof zonesizes Notethatanindividual examination
of transitserviceand connectas for each zone isthe bestway to determine when they are too

largefor transit analysis.

Thef LrgeZone/Sinde Stationo Problem

Figures 227 and 2.28 provide a good exanple of how large zones can impact transit
accessibilityandridership They represenfa situationthat arisesin Alternatives Analysis caled
the flarge zore/single statono problem. Alarge zoneon the fringe of the suburbs contains one
large development locakd in a quadrant of the zone. Asaume no other development exists. The
left side of Figure 3.12shows a rail station(shown in red) on the westernzone boundary. The
percent walk computation determinesthat one-third of the zone is within one-half mile to the station.
Although the development is more than one-half mile away, the mode choice model is told that 33
percent of the developments resideants havewalk accessto transit. As a reallt, the transit market is
33 percent of the developments residents. The right side of Figure 227 illustrates the same
conditions, hut asubzoning processhas beerompleted. In this case the percent wak compuations
determine that O percent of the development sbzone has acess to transit. The effective transit

marketis O percent, which is amoreaacuraterepresetation.
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Figure2.27 Overestimating Walk Accessto Transit

Figure 228 lllustratesthe samezone and development assumptions, but with the rail staton much
closer to the development. The left-side conditions would reailt in the transit maket
underestimatd. Assumethe eitire development is within onehalf mile of the station The percent
walk computationswvould determine that only 33 percent of the zone is near the staton. So the
transit market is underestimeted by two-thirds. The right side of Figure 2.28 illustratesa rmuch
more accurate esimationof the transit market, asthe percent walks and actial digance tothe stdion

should match exactly.
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Figure2.28 Underestimating Walk Accessto Transit

A similar exanple is illustratedin Figure 2.29 Using Google satelite imagery, the larger zone
assimes that anyone living or working in the TAZ has accessto the transit stop on the westen
boundary since the centroid connectoris lessthan 0.5mileslong. However, in redity, those locéed
on the easten side of the TAZ, aswell asthose locéed onthe northern and sauthern sidesof the
TAZ, are not within a0.5-mile walking distance Additionally, the exampleassumeshat people
are walking acmossthe lake which obviously is not the case. The Right Way, also illustrated aspart
of figure 2.29 demonstrates theorrect way todelineate TAZs basedon transit accessaspeople are
not crossng the lakes to get tothe transit stogp. In addition, it doesnot assime the larger number of
people have accessto transit basedon the distance of the centroid connectas within eachTAZ.
Barriers can alsobe coded separately in the bariersfile to eliminate he possbility of transit access

connectas beng generate@cross hesebarriers.
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Fig 2.29 Right and Wrong Way Delineate.

Zone sizesare also important for large parcels having a relaively small acivity areathat
receve transit sevice. Airports and universties are classic exanples. Figire 2.30 shows an
example of this problem. Zone 463 is largely university property with a small area of
concentratedacivity. The acivity areais within the black circle in the figure. A bus enters this
zoneand circulates within the actvity area. However, sice the zone is quite large, the bus routing
cannot be betterrepresentd, and the transit maket is underestimatedfor similar rea®ns as in

previous eanmples.
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Figure 2.30 University in Zone 463 Suffersfrom the Large

Zone/ Small Activity Ar ea Problem
Figure 2.31 shows a good exanple of how to correct this problem. In the
Orlando mode, the two major terminals of the Orando International Airport (the entire property
is bounded by a black rectangle) are given separate zone. Transit savice to the airport can be

coded very accurately, circulating through the microcoded steetsand sbpping only at the terminals.
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Figure 2.31 Good Sdutionto LargeZone/Small Activity Area Problem

EvaluatingZone Sizes

Zone sizes should be relaive to the amount of acivity being represented.However,
gauging zone sizeand activity levels can be difficult, egecially for future yeas when growth
levels ae abstect. A simple evaluation measure is to canpare base and future year tip

acivity to zonesize on a cumulative frequency distibution plot.

An example of the final plot is shown in Figure 2.32 From a transit perspective, allthreelines
should be dosetogether and a magjority of the zonesshould be less han a square mile. Figure
2.32illustratesthat slightly lessthan 50 percent of the zonesare lessthan one-half square mile.

Baseand future yearadivity levelsare divegentfrom zonal area. Only about 55 percent of base
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yearacivity occurs in zoneslessthan a square mile. Approximately 42 percent of future year

acivity ocaurs in the same zones The reallts indicate that zone refinementsare

desirable.
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Figure2.32 Graph Comparing Zone Sizeto Activity Levels

Figure 233 is the sameplot for a different modeling area, the latest version of the Southeast

Florida Regional Planning Model (SERPM). This graph implies a good zone area-adivity
bdance, asover 90 percent of the zones are lessthan a square mile. Activity levds for the base

and future yeas correlatevery well with zone aea.
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26.2 Freight/I ntermodalNeeds
Using methods included in the Federal Highway Administrations (FHWA) Quick
RegonseFreight Manual, one can cdculatethe number of commercial vehicle trip ends by TAZ.

The following facilities typically gener&e and attracta largeanmount of daily truck actvity:

Segorts;

River docks;

Truck-rail intermodal terminals;

Airports;

Major manufacturing plants; and

Wholesale, retail, warehousing and redistribution, and extradive industry sites (dependent
uponthe levelof freight/truck activity).

It would beideal toisolate thesetruck generadrdattractaos into ssparateTAZS.
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Officeof Freight Managementand Operations, Federal Highway Administration.

The FHWA Freight Analysis Framewak (FAF) dataprovides conmodity flow estimatesetween
states, regions,and major international gateways. FAF pro- videscommodity flow estimatesfor
2002 and the nost recent year plus forecasts Hrough 2035 and addressessevenmodes:  tuck,
rail, wate, air, intermodal, pipeline, and ather multiple modes. As an alternative to the FHWA

Quick RegonseFreight Manual method, TRANSEARCH data isoften used to cavert the FAF

commodity flow data to commercial vehicle trips. The old version, FAFL, provided
commodity flow dataat the county levd. However, the new version, FAF, providesdataat the
Commodity Flow Suwey (CFS) zone levd. As illustrated in Figure 2.34 there currently are
114 CFS zores in the United States,five of which are in Florida (statwide, Jacksonville,
Tampa, Orlando, and saitheastFlorida). The FDOT currently is disaggregating the FAF data
further into smadler freight analysis zones (FAZs) for the state of Florida. It is
anticipated that these FAZs will be based lamy on the current year 2000 Horida Statewde
Model TAZ structure. It is recommended that modelers cansider the statewde model TAZ
structure not only for the purposes of being consisent with the FAF zone geography, but also

to asist with delineating TAZs in morerural areas.

In addition, some areas in Florida, such as Tampa and Orando, have collected locd
truck trip-making data to use in their truck modds, as the level of aggregation in the Florida
Statewide Modd may not suit their needs. One should use locd freight/truck data, if availeble,
instead of the staewide mode truck data However, note that although many areas may have

collected locd truck count datg truck count data alone is not sufficient to develop truck trip

42



patterns in a truck model A truck trip diary survey is necessay to calallate truck trip
attraction rates and regi cate truck trip-making pattems.
Office of Freight Management and Opeations, Federal Highway Administration, Florida

Model Task Force Meeting, December 2006

Source: Office of Freight Management and Operatiors, Federal Highway Administration.
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2.7 CENTROID CONNECTORS
In additionto defining the actualboundariesof TAZs, representing realist@ocessto and from
the zoneswith the useof centroid connectas is alsoimportant. The following is a summary of

guidelines alrealy disaissedthat one $ould considerwhen coding centroid connectas:

Centroid connecta's should representredistic roadwayand transit access,

Centroid connectas should not cross man-madeor natural bariers, such as lakesrivers,railroad
tracks, Imited accesshighways, etc.;

Include a sufficient number of centroid connectors to avoidthe loadng of too many tips onto one

roadway netwark link;

Do not connect centroid connectas at intersections or directly to interstate ramps, as
illustratedin Figure 2.3% (The Wrong Way) and Figure 2.35b (The Right Way); and when two
centroid connectas are connectedto the sameroadway segnent, the aacess points should be
separatedby a certan distance, asillustrated in Figire 236a (The Wrong Way) and Figure 236b

(The Right Way).
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Figure 2.35 Placement of Centroid Connectors Relative to Intersections and Interstate

Ramps
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Fiigure 2.36a TheWrong Way Figure 2.36b TheRighfWay
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Figure2.36 Offsetting Centroid Connectorsat Access Points

271 Existing Tr ansport ation Facilities
Much like physical geography, the locaion of existing transportation fadlitiesis anong the most
common considerations for TAZ delinedion. In terms of high- way facilities, only freeways,

expresswgs, and aterials are considaed acess bariers, as local and collector streetsdo not
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necessaily restict movement acioss hem. Even for major roads understandinggrade
separationss helpful in determining and potentially filtering out the steet segnents that might
imposephysica bariers. Dataon minor roads, though they do not provide bariers, can beuseill
in determining whether or not any access is possble from a given TAZ to the nodel network

(earlier Figure 217c).

The fdlowing transportation fadlitiesshould aways fam TAZ boundaries:
Rail lines; Limited a&cesshighways, Arterial streetsand roadways; and Collector streets and

roadways.

Matching the boundaries of TAZs with roads assstsin more accurate loadings of trips onto each
streetsegment, and minimizes caling of centroid connedors that closs over major roads. Having
the knowledge on how minor roads link to majorhighway facilities is useul in detemining
logical boundaries for TAZs. In the ealier figures, delineatng four separate TAZs basedon
underlying roads isolateshe effect of the aeasaviced in each quadant on the model netwark;
however, TAZ splitting, as displayed in Figure 2.1&, would only be necessay if this were a
locaion of high-density development.

One-way streetsprovide a different setof challengesin delineating TAZs. If major one-way
streets are used as TAZ boundaries, this reallts in somewhat smallzoneslying baween the
two parallel streds that comprise a one-way pair. One-way steets & often presentin CBDs. In
the interest of mnimizing steets Ilbseding zones, sane CBDs have sgarate TAZs for evay
downtown block. The downside of this is that personsoften park in a diff erent zone from where
they wak, causingsomeinaccuraciesin highway modeling Conversely, transit modeling

requires accessfrom the buildings.
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2.17.2 TAZ Numbering

Although not required, it is recanmended that TAZ numbes begin with one and be
conseattive. Howeva, it is not uncommon for regional models to set asidea specific range of
TAZ numbes for bothTAZs and dummy zonesfor each ounty. For instance, Gunty A mayuse
numbes 1 to 100, of which 81 to 100are dummy zones. County B may use numbes 101 to
200, of which 171to 200 are dummy zones. This alows the model usesto dff erentiate between
counties or otherpolitical boundaries. Another way to flag counties is through the locaion cade,
which is often used in Florida. Other areasthroughaut the country may actially sequence the
zonenumbeing within and outsidethe CBD or along aperimeterroadway (i.e. beltway).

In addition, one should create TAZ equivalency tables to provide a list of the new zone
numbers that were split from the original zonenumbes. One can use these TAZ equivalency

tallesto further aggregateor disagregatethe caregpondng socioeconomic data.

2.7.3 Future year TAZ Condderations

In addition to reviewing existing data, future year data shald aso be considered when
delineaing baseyearTAZs. Oncethe base year TAZ structure hasbeen finalizedand the model
validatedfuture year socioeonomic dataand trip forecastsshould be reviewed as part of model
sensitivity teging. It is important that TAZ boundaies and centroid canectors genedly
remain the sane betveen model yeas with a few exceptions, aschanging them impactsthe
model validation. These excegionsinclude the following:
Future planned ransportation corridors (both highway and transit);
Developmerts of regiona impact(DRIs); and

Construction within previously vacant areasthat would reault in increased ensities.
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Further detail is provided below.

2.7.4 Planned Transport ation Corridors

When defining the TAZ structure in the baseyea, one should also consider planned future
transportation corridors.  The Long-Range Transportaton Plan (LRTP) for the study area
shouldbe used to identify planned highway andtransit corridors.  If a planned highway or
transit corridor bisectsa TAZ, the nodeler should consider splitting the TAZ in the base
year if feasibé Figure2.34a provides an exanple of how the base year zone structure
and centroid connedors may look without considering a future corridor. Figure 2.3D illustrates
what the base year zone structure wouldook like if the planned caridor were considered;
however, the future corridor is not depcted in the baseyear netwak. Figure 2.3% illustrates
the future year zone structure with boththe planned corridor and additiona centroid canectas
included. One can casider this sameprocess when conducting subarea studies that require

further refinement within the travel danand model.

48



@) (b) ©

Figure2.37ai Base Figure2.3/b i1 Base Figure2.37ci Futureyear zone s

tructure year zone structure year zone structure

2.7.5 Developnents of Regional | mpact

In addition to network changes, one should also casider future sociceconomic data,
egecidly new DRIs in the study area. The modeler should consider the stidy areals
Comprehensive Plan future year land use map and any amendments when delineating

TAZsin the base yeg asit canhave a significant impact on the delineaton of TAZs.

2.7.6 Population and Trips Per Zone

As mentioned earlieranything more than 15,000trips per dayor 1,200to 3,000people per
TAZ exceedsthe recanmended zonesize. Oftentimes,a TAZ may not have asmany people or
generatethat many daily trips in the base yea.
However, with the future yearland use, itmay very well push the population or daily trips ower
the thresholds noted alove. As areallt, one $ould alsoconsder future yearsocioeonomic data

when delineatng base yealAZs.
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2.1.7 Network Data Impacts

As disaussed in earlier when one splits a TAZ, one neals to update the highway
network to reflectthe new TAZ structure. For instance, one may split a TAZ as a reallt of a
minor arterial road beng added to the model that now bisectsthe zone. The minor arteria
that split the zone now seves as the new barder of two split zones. Note that in same cases,
adding alink in the highway netwak to reflect anew road or additional netwak detail may
require the splitting of a highway link. If the model aso includes a transit network, the user
should activate the transit route filesin FSUTMS-Cube Voyagerin order for the transit route files
to beautomatically updatedif the link bang split ocaurs on a transit route. If the split link occurs
on atransit route and the transit route files a@e not update, the transit stepfails when running the
model asareallt of the eroneais node quencing in the trransit route file due tomissng node(s).
In addition to updaing the highway network roadway links, centroid connectas also require

updating as a reault of new TAZs or TAZ splits. Centroid connecta's should representredistic

aqcesspoints.
2.8 SOCIOECONOMIC DATA IMPACTS
28.1 Househdd Data

Sditting household datainto new TAZs can be the most time-consuming agpect ofzone splitting,
dependent upon whether TAZ boundaries are consistent with Census or political geography.
Having TAZ boundaries consisient with Census gegraphy enables pracitioners to realily aaess

the Census datafor goportioning the data &ter a TAZ hasbeensplit. If the boundaries are not
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consistant, the process might be tedious and may require locd-area knowledge to goportion the
dataproperly.

As mentioned ealier in this researchthe U.S. Cersus Bureau oty collects household dataon
a decennial timeframe, although each statés deainghause agacy estimates ad forecasts caunty-
level population for a number of future yeas. The Bureauof Economic and BusinessReseach
(BEBR) atthe University of Florida sevesasFloridas official agency for population projections.
The dataelements that the Census Bureau cdlectsvary for different Census geographies.
Attheblocklevel, the CensusBureaucollectsandtabulatesl00 percent decennial Census
data. At the block geographic level, one can obtan information on age, number of households,
and whether the resicence is owned or rented. The Census Bureau collects this information
from all people and housing units in the Census SF1 and SF3 databases. In terms of household
datafor modeling purposes, though information on population and dwelling units is offered at the
block level, details such asthe type of dweling unit (single-famiy or multifamily) and population
levels for each type of dwelling unit, are not avaiable. The Census Bureauprovidesthese dtails
at the Hock group level, at whichthe Census Bureau tabulates sanple data from the decennial
Cersus. The Census Bureaucollectsthe sanple datafrom onein six people, and then weights the
sanple datato representthe total population. Block group data contain adlitional

information on population and housng, including auto avalability and income.

In caseswhere the new zone structure (after TAZ splits) is consisent with Census block
groups, datafor the new zones can be derived directly from the underlying block groups without
excealing the totals of the original zoneGs data.Although the new zone structure is consistent
with the Census blockgroup stucture, the relative proportions must be derived from the Census

block group datarather than diredly using the Census dataitsdf. This is asa realt of the base
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year inguedion not being the sameasthat of Census data.For exanple, assme that Zone 425
has a population of 1,000 and is split into three zones, renumbeed as425,495, and 501, and
the geography of the new zonestructure mattes that of the Census block groups (Figure 5.19.
Based on the Census Hock group data,one can compue relaive proportions for all three new
zores using the following formula:

Relaive proportion of populationfor zone495 (Prl) = Population in the block group that new zone
495 corregponds toT otal Population of al block groups that corregpond to original zone425These
proportions can then beapplied to the original zoreés datato derive datafor the new zone
structure. In our exanple, population for new zone 495 will be eual to 1,000x Prl. Upon
asigning data to these new zones, it is important to veify that the total from the new zone
structure is equal to the original zones data. As weare gplying proportions to the original &s
total, there maybe instances where there is alossof datadue to rounding errors. For exanyple, the
total of the original zone 425may be 1,000 whereaghe total from the new zones 425495 and
501 may be 1,001 due to the rounding errors from cdculating the United States Cersus Bureau
Proportions Hence, verifying the totals after assigning the databasedon relative proportions is

important.

One can adopt a similar process described above in instances where the new zone structure
does not match the block group geography but it does matth block geography. One can
derive data for the new Zones 425and 495 (as illustrated earlig¢r which are consistent with
block geography, using relaive proportions of general household datafrom Census blocks (rather
than block groups) and one can apply the remaining portion of the origina zorneGs data tb01.
There might be situations where TAZ splits are inconsistent with al Censusgeography.

In such cases, one can use alternate data saurces that provide nformation on land
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uses (e.g., parcel data), in addition to Census data. In many cases,one must use deductive
rea®ning to identify the most likely distribution. There might be a scenario where the split
intersects one ormore block geographies. In such instances, one can use land use and parcel
information over and above the mathematical operations to make bestydgments on household
data distibutions ower these multiple block geographies. Only the dweling unit and population

data wee split according tothe abwe methods.

28.2 EmploymentData

Sditting employment data might not be as complicated as household data, as long as
employment is avalable in latitude/longitude. To split employment data,one needs a datset
similar to the Census that providesemployment information by vaious industrial sectas, sich as
InfoUSA.

InNfoUSA is a proprietay database hat provides gatially enabled employment data
(latitude/longitude information) with information relaed tothe dassficaion and size of
the business estdlishments. FDOT purchased 2007 InfoUSA datafor the entire state of Floida
and intends todistribute thesedatato each of the FDOT district offices for public-sector
use. Each business estadhment in the InfoUSA datast is flagged with bath a
Standard Industrial Classfication (SIC) code and a North American Industry Classification
System(NAICS) code ecifying its industry classification.

The Stardard Industrial Classification Code is a four-digit code used to cakgoize various
empdoyment industries. The official listing and desaiptions of these codes are availabk on the

Securities and Exchange CommissionGs web site at_http://www.sec.gov/info/edaar/sicaodes htm.

The North American Indudry Classificaion System (NAICS) Code is a six-digit code used
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to catgorize various emgoyment industries, which was released in 1997 and has since repaced the
SIC code The official 202 U.S. NAICS Manual, which includes definitions for each industry and
tables showing the relationship between 20 and 1997 NAICS codes that were changed One can
use these classificatons to identify the type of employment, such as industrial, retail, or service,
that are needel for allocating industry-specific emgoyment data input into the travel demand
modé.

In addition to providing SIC and NAICS calesfor eachestablishment, the InfoUSA datédasealso
providesinformaion with regad to the size of the estabbhment. This information is provided
on a categrical sce in Tabde 2.2

Table 2.2: InfoUSA Categoriesfor Number of Employees

Code Number of Employees Code Number of Employees
A 1 to G 250t0 499
B 5 to H 500to 999
C 10 to I 1,000to 4,999
D 20 to J 5,000t0 9,999
E 50 to K 10,0000r mae
F 100 to

Though InfoUSA does not provide the exact amount of employment for all anployers in the
InfoUSA database,one can use median values in these ranges to @rive approximate
employment at each eseblishment. The InfoUSA datagt providesthe dataelements, employment
type, and size that are required for the TAZ splitting process. One canalsouse any other dataset

that provides similar information, assiming it is comparable tothe InfoUSA data.

For splitting the employment data, each new zone should be geographicaly ovedaid with the
master employment data (i.e., point locaions from InfoUSA). Basd on the employment
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classfications required by the travel model, one mus aggregatedatafor all locatians that fall
ingde any new TAZ for each of the dassficaions to obten total employment by industy in
each zone (see Figure 2.38). One @n use this information to cerive relaive proportions of
employment using the employment datbase. One can then apply theserelaive proportions to the

original zone semployment datato obtaindatafor all new zones.
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Figure 2.38 Master Employment Data Categorized I nto Classifications

(Colour-Coded) Requir ed by the Model

For exanple, original Zone 425 was split to obtain three new zones that were
numbeed as425,499, and 501. For aspatia overlay of maser employment data ontothese new
zores, 50 employees in the manufacuring sector might yield estimatesof 12, 20, and 18,
regectively. One would then use thesevalues to obtainrelaive proportions as:

12 InfoUSA Employees/50 Total InfoUSA Employees = 0.24 or24 percent of
Original TAZ 425; 20 InfoUSA Employees/50 Total InfoUSA Employees = 0.40 or
40 percent of Original TAZ 425; and 18 hfoUSA Employees/50 Total InfoUSA

Employees = 0.36 or36 percent of Original TAZ 425.
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If the original TAZ had a total employment of 60 in the manufacuring secta, then

employment is allocated by onducting the following canpuations:

0.24 x60 Original TAZ Employees = 14 Employees inNew TAZ 425
0.40 x60 Original TAZ Employees = 24 Employeesin New TAZ 499; and

0.36 x60Original TAZ Employees = 22 Employees inNew TAZ 501.

One can write scripts using Visual Badc for ArcGIS to automate the
methodology of splitting the employment data and for quality control processes,hus saing

significant time and eff ort in manual computations.

283 Other Data Element

Besideshousehold and employment data,there are other data elenents that need tobe distributed
during a TAZ split process. Some of these elenents include sdools, hotel/motel units, and
special generatars, such as universities, DRIs, or regionalshoppingmalls. The methodology
for all these data elements is goupedunder one healing, asthere are no universal datasts
that wauld fadlitatethesedaa splits. Datasplits for most of theseelements would require human

judgment beyond theuseof avdlable data.

Traveldemand models typically require total school enrollment by sdool location. Some models
may even require additional details in terms of diff erent typesof schools, such asprimary school,

high school, colleges,and school zones. Unlike the Census and Info USA, it might be challenging
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to obtan a stiool dat- basewith all the required information. If a geographic file encompassing
all school data is available, then one can follow a procedure similar to that of splitting
employment data. One canoveray the masterschool datawith the new zonesreaulting from the
split, and data ineach new zone canbe aggregated and dassfied bythe type of school (if that data
is availade) to obtain school statisics for each zone. One can then derive relative proportions
basedon maser school data and applied to eazbne s dataln mostcases, the density afchool

locatonsis lessthan that of employment datalocations.

Sometimesa simple visual analysis of geographic datacanassist in splitting the sdool data.As
shown in Figure 2.39 if Zone 265 has to be split at the red-dotted ine, then through visual
analysis, one can easly attribute all school data tothe botom half of the TAZs, where the al

schools seemto exist. If the model areais cansidegably small, then one can even consider

obtaning a list of school addressedrom the Stateds Department of Educaion and geocoding

these adiressego locatethem gegraphicdly. If no school data are avalable or if the acuracy of

the available datais questinalle, then land use data an be obtaned from the City or CountyGs
Comprehensive Plan, or from the tax gpraisersoffice (Figure 240), to locate zones where
sdhools may exist based on educaion or institutional land uses. Local knowledge of land

use can definitely assistin canducting visualanalysis and decidng how the school dataneels to

be split.

Similar to sdhools, models require information relatedto number ad occupancy of hotel/motel
units. Geographic data on hotel/motel units are much more tedous to obtainfrom a public saurce
than that of schools. If such dataare drecty avaiable, thena procedure similar to that explained
for schools can be usal. If such dataare not available, then one might consider using Info USA

data (based orindustrial Classfication codes)or geocoding sites(asin schools); or even se&hing
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through mapengines, sich as Gogle Maps orY ahoo Maps, to icentify locaions of hotelsmotels
in a given area. Though thesemight not bethe most eficient processs, these sarces often
provide valuableinformation. The information provided onsome of these weksiteslink to the
actual hotel web sites, viherein information relatedto number of rooms is realily available. In

either caseland useinformation canfurther assistin visually locating zonesthat may catain al

or none of the hotel/motel land uses ad distribute dataaccordingly. For exanple, in Figure 2.5
below, parcel dat, symbolized according to its land use, violet being hote/motel units, is
overaid with the zones. If a split is beng proposed at the red-dotted line on Zone 454,
underlying land use datahelpsin identifying that all the hotel/motel units would end up in the

baottom half of Zone454.
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SchoolsOverlaid with TAZ Boundaries
Special gaerators relate to ay major acivity center that canpotentially generate alarge
numberof trips. Generdly, thesegeneeators include magor universities,regional shopping mals,
DRIs, etc. Geographic dataon thesefadlities may not bereaily avaiable, but is very easyto
generate. As there is a minima number of such facilitiesin a given model area,when compared
to sdhools or hotels, obtaning information on thesefacilities should not be as time consuming.

Most of hese facilitiesshould bewell known and can be mapped with ease.

Information regading DRIs is generallyavailable from city/county or regioral planning council
web sites. As the number of thesegenerabrs is fewer, it is best to visudly identify them ad
assgn the data accordingly. It is not typicd that a givenTAZ would havetwo special generatars,
and hence the process ofelaive proportions may notberequiredhere In caseswhere there
are multiple generatrs located ina shgle zoneand that zone hadto be split, then onecan obtain
or assessdata on the szes of hese generats lkased on professicma judgment/knowledge
to determine the distribution. Again, aswith the other twodataelemerns, onecanuseland use

informationin conjunction with any avaiable data tomakean informed decision.

28.4 Handling Boundary Shifts and Zane Aggregations

Besides simple zone 9lits, there might be instanceswhere the zone refinements include
boundary shifts, zone aggregations or sometimesa combination of splits, shifts, and
aggregations. The methodology of distributing datain such an instance can sametimes bea
challenging task. As disaussedealier, the complexity of this process dpends on how well the

model data gegraphicaly caregponds toany external ddasets, sch asthe Census, InfoUSA, or
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others.

Boundary Shifts

A shift in the boundary of a TAZ may benecesary for seveal rea®ns. Primarily,
if the existing boundary of a TAZ does not corregpond completdy with the Census, political,
or any other relevant geography, and if through slight modification to the TAZ boundary, the TAZ
can be betterrepresented in terms of travel characteristics, then a boundary shift is most
relevant (see Figure 2.41). Figure 5.6providesan exanple where one must alter the boundary to
include all residential activity (in green)into one TAZ (505). Sitting the TAZ would reault in
tiny TAZs of no significant meaning. A boundary shift is extremely helpful, epecidly if the
model hasconstraints in terms of total number of TAZs, asa baindary shift does not require any

additional dummy zones tobe used.
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'Figure2.41 Land Use Data Overlaid with TAZ Boundariesto Demorstratea

Scenario WhereBoundary Shift May be Valid
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Based on a combination of relatve proportions, humanjudgment, and land use dataasexplainedin
the TAZ splitting sedion, datafrom the larger zone(2000) canbe split into its constituent zones.
In our exanple, if the population for Zones 276283, and 299 is 100, 100, and 100, respectively,
the larger zone has a population of 300. We would then compute the relaive proportions based
on the new zone boundaies. Inthis example that reallts in the following proportions 0.1

for TAZ 276;0.6for TAZ 283; and 0.3for TAZ 299. The data distibution is as follows:

0.1 x 3000riginal Population =30 People in New TAZ 276; 0.6 x 300 Population = 180

in New TAZ 283; and 0.3 x300 Population = 90in New TAZ 299.
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Figure2.42 Parce Data Overlaid with TAZ Boundariesto Demonstr ate Data

Distributionin Caseof a Boundary Shift
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ZoneAggregations

Aggregatbn of zones issametimesrequired when a given zone areais much smallerthan
what is necessay for purposes of the model. In other words, if any given zone does not have
distinct travel characterisitcs from that of its neighboring zones, then azoneaggregaton could be a
valid process. Also, asin the caseof boundary shifts, zone agyregaton does not consume any
additiond zonesand, in fad, reailts in the credion of a new dummy zonethat canbe used atany
other relevant locaion in the model area. As a reallt, if zone splits are neadedin onepart of the
model (eg., downtown) to betterrepresent travel patterns, and the model has a limited number of
available dummy zones, one may conduct zone aggregationsin less dense areas to free up

additional dummy zoneghat ae necessay for zone glits elsewhere in the model.

The processof distributing datafor zone aggregation is fairly straightforward. The methodology
constitutes a simple data agregation of all the znesinvolved in the aggregaion process. In the
example shown in Figure 2.42 if Zones286 and 287need tobe aggregaed, thenthe dataare simply
added together. If the new zone, shown in yellow, is assighed the number286, then the Zone

287 is now avalable for usage atny otherlocation in the model area.
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Figure2.43 Parced Data Overlaid with TAZ Boundariesto Demonstr ate

Aggregation Process

Situations mght arise wherein one nust conduct multiple refinements, such as lits, shifts, and
aggregatiors.  In such instances,one @n realily adopt procedures previously explained for
these individual proceses.Using Figure 2.43asan exanple, Zones276, 283, and 299needto be
aggregaed and split to foom new  Zones 276 and 283. To redistibute the data, all attributesfrom
these ree zonesmust be first agyregaed and then using processeslescribed ealier, solit the data
fromthis largerzoneinto Zones276 and 283. If aboundary shift is needed for Zone 283,the data

from new Zones276 and 283 then needs to be agyregaed andsplit accordingly.

28.5 ZonesBeyond Model Boundary

Model boundaies are periodicdly expanded to incorporate additional counties and other
transitioning aeas. In many casesthis involvesadding areas to the model that donot akealy have
TAZs designated. Therefore, rather than solitting TAZs, one must develop new zonesfrom scrata.
Discussins earlier in this report provide sufficient guidance on considerations for estélishing TAZ
boundaries. Dataavailability is a significant concernin thesenew areas, sothe initial boundaries

should reflect readily avalable geographic divisions, such as Gnsus block groups. Depending on
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development density, it might be aceptable to havelargersizedTAZsin outlying counties.

28.6 Revalidation

Once the TAZ structure hasbeen refined, one must revaldatethe model aganst the original model
to ensure that the model is performing as well as or better han the original moddl. One should
compare statisics from each stepin the model process,ncluding trips per TAZ, trips per purpose,
and intrazonal trips, ata minimum. As a rea®nableness check, oneshould overday the TAZ
boundaries with freeways, bridges, wate, railroads, military bases, etc. One ould overlay TAZ
boundaries with household, employment, population, and income data to verify patteans of

homogenous land use are properly represented
2.8.7 Effects ofTraffic Analysis Zones Designon Transportation Models

Mobility needmanifestsitself by a trip betweentwo pointsof territory anywherelocated.A
disaggregatednalysisof thesetrips would produceinsumountabledifficulties in modding of the
transportation systeiT).

Infact, a systenic approachto the study of mobility, providesfor the modeling of territory that
unfold in two subsequent steps:

In the hypothesisof discreetizationof territory in zones and aggregationof origins and
destinations oklementarytrips by zone,i t 6 s p o s s i Imbdelizatioacoherena With thee a
analysis level and that can be analglly dealth with, trough present roputation resurces.In a
networkmodel, each zone is represented vathingle point (zonecentroid).Initallt r i psdé or
and destinationsare located, which produce traffic flows rmong the zones (Meyer DMiller
E.J.,2001)and physical,demographicand socioeconmic variables useful to define the systein
activities (A) (McNally,2000)Aggregation of origins and destination®f elementary trips by

zone is not without consequencem analysisabout system T,becausein network models

intrazonaltrips are ignoredThis impliesanunderestnateof t r i pmbédyof thastudyareawith a
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consequentunderestat e of traffic flows on the networl
A recentdistributionmodel (Cascettal 998) considers the presence ohaltiplicity of elementary
destinationswithin a traffic zone througtintroductionof afi s i vamable(In Md). In this model
one zone (d) is consideredas a compound alternativeof choice.From the assued ipothesysit
derivesa formulation of systenatic utility of zone(Vd), whichwill be influenced byhe numbeof

the possible destinations being in the zone:

Vd= | bj&jd +In Md

h

in which Md is the nunber of elenentary destinations of zon¥jd is thejt zonabbri but e

evident, then, as the number, the shape and not last, the rhogeneity of socioecomac
characteristic§SE) (expressiorof capacityto generateandto attracttrips), produceeffects on the
outcanes of analyses of the syste

In this note, it has beencarried out a quantitatve evaluationabout effects of different levels of
aggregationof socioeconmic and demographicdatainto TAZs on outcanes resulting from the
simulation of a transportatiorsygem, by proposinga methodologyfor the designof zone nmber
and for the aggregation of basic spatial units intmdgeneous zones.

In Section 2 is described the state of #me about bothzoning methodologies andhe
influence of zoning utilizedomodel 6s resul t s. | nmetBoelalogyi adopted3o i s
solve TAZ design probtg; it is also reported an application of thethodology appliedo a real
casewith the analysisof the obtainednumerical result; in section4 are reportedthe conclusive

considerationauseful for following analysisand prospective®f research on this subject.

2.8.8 The Stateof the Art About Territory Modeling
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The Zoning of a study area consists of two subsequent phases:

A Definition of spatial aggregationlevel of socioeconmic characteristicsto achieve

(detemination of number of zones);

A Detemining shapeand dimension of the zonesrespectingthe spatial aggregationlevel
deteminated
To detemine the number of zones,Oppenheim (1995assertghat no formal methodsfor defining
thez o n systéin existCharacteristic®f thesezonesmust be decidedon empirical bases in every
specific situation.
In generalthe number of the zonesinsidethe studyareais closelyconnectedotheanal i sy s 6

that wewant to achieve.

In shortterm operationsnanagenent programs, the number of zonesto identify will be high. This
will require the definition of a transpetation network more detailed. In analysis of strategic
problems a smaller number of zones,coherentlywith the supply model, is adopted (E. Cascetta,
1998; J. De D. Ortuzamnd Willumsen, 1994)Gehlke e Biehl alreadyin 1934 had noted the
tendency for correlation coefficients to increase witie level of aggregation of census tracts.
Openshaw daylor (1979,1981), Openshaw (1984), Fotheringharinel\WWong (1991)havestudied
errorsthatcanaffectanalysisbasedn aggregations of spatial data.

Openshaw(1977),in particular,presented #ierarchicalheuristicprocedurefor Automatic Zoning
Problem(AZP) by optimizing an objectivefunction that was used taeasure partition perforance
in tems of a predefined target value.

C. Ding (1998) analyzedmpactsof socioeconmic dataaggregatiorinto traffic zones,at a national
scale (South Korea), witlgravitational denand models. He highlighted as the miber of
unsimulated intra-zonal trips is deeply affected from the number of zones especiallwhenit is

small. Ding deducedthat existsa number of zonesthati s ms#ul to exceed.In particular, with
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referenceto netwvork congestionindex, Ding has remarked that existsa value of the number of
zonesunderwhich the results calculatedre quite different from those obtainedincreasingz o n e s 0
number. Moreover, Ding noticed that over another value there is a little changelo$ index.

To physicallydelimit the zones, the criteons generallyadopted can be sumarized in:
1. Homogeneity with respect to the sociocamo characteristics;
2. Compactnes®e f TAZs 6 shapes;
3. Respecbf adninistrative Imits as census sectiomaynicipal borders, etc.;
4. Respecbf physical geographic separators placed on territory as railways, rivers etc.

5. Exclusivenesgno doughnut).

The elementary units in which are spatially organized socioeconmic data (basic spatial units -
BSUs) (You J., Ne d oBudill Z., Kim T.J., 1996) in ltaly coincide with ISTAT (National

Institute ofStatistics) census sections

Proceduresto designtraffic zonesthrough the aggregation of BSUs, on the base d#finite
criterions, are nmerous and generally follow cluster analysis.
To aggregatéawo BSUs, their contiguity is necessarput not sufficient condition. In detemining
traffic zonesis difficult thathomogeneity and spatial contiguity exigencies camcide.Choi and
Kim (1995) individuated three fundamental methods with which you can face theB SUs 6
aggregation:

a) Thehierarchical heuristic approach;

b) Thestatistical approach;

c) Thecombined geographic infonation systen{GIS) and statisticapproach.

Clusteranalysistechniquesto obtain the maximum hanogeneityinside eachzone,hawe instead
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been classified byorr (1983). Anong these, thenost efficacious are thagglomerativeone and
the iterative partitioningone. Jinsoo You, Zorichl e d oBudiii e T s JddhaKimyg(hoo6)
havecarriedout atraffic zonesdesignmethod,giventhe spatial aggregatiolevel to achievewhich

is an hybrid of the two. Both methodsrely on measuring the siilarity between BSUs. Euclidean
distance and correlation coefficient are mth@st canmonly used snilarity measures.

To obtain different zonings;. Ding adopts an aggheerativemethodology. Euclidean distance is

the smilarity measure used as expresgedquation (2.1)

dij = [Bw'(xi" T xjH30>

in which with X" are indicated the socioeconmic attributesof each BSUswhile with w are

indicated the weights associated to each attribute.

29 The Geographic Information SystemLayers

A general characteristicof Geographic Information Systens is their structure formed
by layers overlapped. To each of these layers only a level ofriafiam is associated.
Thefirst layer,onwhich all the othersarebased, holds socioecomic information of thestudyarea
subdividedinto censussections(1429for the city of Bari accountingo the 1991 census). Their
elaboration by aggregation procedures, allows togeter e T A Z s 6 mis characteristics) n o
useful to specify sysitaatic utilities associated tones in daandmodels.
The attributesimmediatelyavailablefrom ISTAT censusdata,are: employeesin industrial sector,
employeesin the public servicessector, employeesin the private services sectors, resident
population older than 14 years, sident fanilies, workers in industrial sector, workensthe

public servicessector,workersin the private services sectors, workers in the trade sector, resident
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population.

Other attributes can be associated: places in upper secondary splamds, in lower secondary
schoolsplacesin primary schoolsetc. Moreoverfor eachzoningtheroutinesof GIS sditwareallow

to detemine andto associte to elenents sme phisicalcharacteristic®f census sections, as area or
the geographic cordinates o f Z 0 n eThe semmdriayer boldsl the cartogramiystudy
area, georeferenced, that allowddoate the physical separators (railways, rivers, etc) and the road
network.On the third andthe forth layer arerepresented respectively the graph of the network and

the discreetization of study area into traffic zones.

2.9.1 Zoning of Study Area

In the continuation,are explainedthe criterions adoptedor the constructiorof a generic
zoningandthe procedureof clusteringusedto constructn zoningsystens each onecharacterized
by a numberm of zones.
At the beginninga zoning characterizedy an exiguousnumber of zonesis consideredhrough a
procedureof aggregationof the BSUs based on the only criterionf physical separators. In
subsequent phases, each zone is further on subdividedrialierszones. The criterion to adadpt
aggregationof censussections,in these subsequent phasesjst guarantee the constructiof
zones thashow characteristics dlomogeneity with respect to oné more attributesThe criterion
of compactnesss verified visually ad with smplicity using GIS technologywith this object in
view, a procedure of #neans cluster analysis is used. This technique, to evaluatendigjemeity

among zones with respect to attributes, uses euclidean distance:

dij = (B (Xi* xj}92)0°
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The attributeink

consideredin this analysisare: number of employees,number of resident
families, residentpopulation,areaof BSUs, geographic cordinates of the barycentre of the
BSUs. The number of families is directly linked to the number of cars possessed whil¢éhe
geographic co-ordinates are indispensableto evaluate the contiguity among the census

sections.

Kk

To eachattribute Xj~ a wheight bi is associatedon the baseof his relative importance,and a

procedureof standardizations adoptedto make surethat the resultsis not affectedby the size of

each attribute. Consequently the expressiatistnce willbecane:
dij = [bS(le-Zli)2 + bZ(ZZj-ZZi)2+bB(ZSj-23i)2+b4(Z4j-Z4i)2+bs[(xj-Xi)2+( Yj-
Yiy %
A Z1 standardized variable of resident population = 0,15)
A Z2 standardized variable o | oy @ e 8,15( b
A Z3 standardized variable aumber offamilies (b3 = 0,1)
A Zastandardi zed vari 085 of the area of BS

A Xj, Yj standardizedtatographiaco-ordinatesof the barycentreof the areaof theB S U 3 ( b
=0,55).

The wei ght s b s ham vihgpdthesisinewhicke ¢he reriterion of contiguity is
privileged. The results obtained in the application with the adoption of this values are
coherentwith the territorial reality usedin application;a sensitivityanalysiswill canbe developed
to specify the value to attribute case by case.
The smulations, for the analysis of different alternatives of zoning, have been ten, characterized b
a nunber of 10, 15, 20, 30, 40, 50, 60, 65, 70, 75 zones.
Two cases are shown in thgure 2.44 and 2.45
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Figure 2.44 10 Traffic AnalysisZones Figure 2.45 50 Traffic AnalysisZones

2.9.2 Modeling of Transportation Supply System
To analyzeandto comparethe ten hypothesiof zoning, it is necessaryhe constructionof a
supply model, which is considered constant lhanging the level of disstization of

territory and a dmand vectod variable with the nonber of zones

The supply systen, relative to the road nework, is modeled with a synchronic network

(Cascetta, 1998).

Thegraphassociatedio the roadnetworkis constructedhrough a software GIS with the acquisition
of the cartographynomally available. This tool allows, with exwmee facility, to selectthe
transportationinfrastructuresvhich have anmportant role in connecting the tiec zones in the
study area and external zones.

GIS technologyallows, besidesassociatingo eachelementof the graphall the information useful

to describe the network: identification codes, cost functionsnipent flows, etc.

With the hypothesisof congestednetwork, the supply model is expressedformally by a

relation that bind the link cost with path flows and the link flows with the path flows :
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c=ATc@ar) +cNA

f=AF

c=d(f)

In the application,norradditivecostsC'\IA havenot beenconsiderecand as costfunction has been
adopted a separable otie= d (f]).

The graph associatedo the road network of the city of Bari is representedvith 677 nodes and
1475 network links. The internal centroids and the relative connectorsare variable with the
number of zones considered in eacmuliation. The centroids outside the study area, imber of

11 constanffor eachsimulation of zoning, are locatedbout road sections of access to the study area

andlinked to the network with connectors.

293 The Estimate of Transportation Demand and Assignmentto the Network

The vector of demandd, variable for each siulation, is estated through a partial shameodel
resultedfrom the applicationof four submodels: emission model, distribution model, modal split
model and path choiamodel:

dod(sm,k)=do (s,h)SE T]-p(d/osh)[SE,T].p(m/odsh) [SET] p(k/modsh)[SET] For

themodel ofemission is utilized a descriptiveodel:do(s)= cHEnc(s)No(C).

Fordistributionandmodal,feet and cars, spimodels are utilizedbgit models:

p(d/os) = expQV d)/Edexp(Vd)
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p(m/ods) = expOV m)/Emexp(Vmo

In both themthe systematic utility Vd is valuableasa linear combinationof attributespeculiar of
the destination zone d or of theedem, on the base of pare@ t ekt s 0

V= kBkXk

For themodel of choie of the path, on the contratiie probit model is utilized.

The result of the applicationof the four step model are so much vectors of demand as TAZ
alternatives. Construitethe supply model and the demand model, the phaseof assigment, in

hypothesis of rigidlemand,is carried out.The approach followed for the assigent is the User

Equilibriumone, for congested network, with a Soiadel

*

ot (o )d)

and a resolutive algorithiMSA-FA.

29.4 Comparison andEvaluation of Numeric Results

For each TAZ alternativesproducedthe traffic flows on eachlink of the network have been
estmatedand network perfomanceindicatorsasthe total cost(TC = CTF), theaveragecost (AC

= CTFllTF), the congestionindex PCP (Ic= E[(Gs-f |)/E f |]), the number of saturedinks (Gs >

80%).

The resultsobtainedfor these indicators areepresentedin figures 2.46, 2.47, 2.48
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and 2.4 %reindicated in thelable2.3.

Table 2.3 Network performanceindicators

n. zones 10, 15 20, 30 40 5060 65 70 75

Total cost(hour) 751278675(18197178471519¢16907 16278 1389§ 14183 1334§
Averagecost(sec) 3734 4749 936 928 805 901 838 715 715 696
Averagecostwith C=0 940 772 616 569 588 614 622 501 492 492

Numberof saturedinks 341 200 140 158 89 99 86 86 99 10
Indicatorof CongestiorPCF 88.74 83.23 53.9]1 56.73 48.25 50.8]1 48.39 47.8§ 48.45 47.79

The analysis shows a threshold of number of zones beyond which the values of network
performance indicators presenta stability of results includedin a range of +20% around the
mean between the maximum and the minimum of results obtainedin the simulations. This
variability of resultsis coherentwith the stocasticityof the model of assigment used (panaeter
of the variance of the costs of the Probit model equal to A =10 s, n. SNL iterations= 50)
and of the stop test of the algoritt8A (M.G. Binetti,1996).

For the city of Bari the tieshold is individualized in 28ones.

The results,moreover,showscoherencewith other analysieffectedin the caseof extraurban

networks with estnation of denand effected with a gravitationadodel (Ding, 1998).
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29.5 200 Transportation AnalysisZone Structure

Worthy of notice is thedocument the new 2000 transporétion analysiszone (TAZ)
structurewhich the Baltimore Metropolitan Council (BMC) developedin cooperationwith
its member jurisdictions (Baltnore City and Anne Arundel, Bathiore, Carroll, Harfordand
Howard counties) and the Maryland Department of Transportation (MDOT). The
development of the 2000 TAZ structure is one of several tasks the BMC has recenplieted
to enhance the Balitiore iegion travel denand model. The BM@naintains thismodel am uses
it to geneste traffic, tramsit, and air gality confomity forecastsas part of the transportation

planning process.

The 2000 TAZ structurewas developedfrom the 1998 TAZ structure using 2000
CensusGeography as part o f-Uptiogran. CleanspartationBalysie a u 0 s
Zone Structuredocuments the 1998 TAZ structure. Most TAZs meedefined as block grps or
combinations of block groes. In Anne Arundel rad Baltimore countes and Baltmore City;
however, same TAZs remainedor were specified below theblock group level as collectiorts
census blocks. No TAZs split caissblocks. TAZs generallyn e st  wi t hin t he BMC
Plannng District geography; howevehdre are exceptions to this rule where TAZs dgbick

groups.

Thenew TAZ structue wasdevelopedo improvethe accuracyof the Baltimore region
travel demand mo d e forécastsand to createa smaller zone structure for usein corridor
and local planning analysis. The smaller TAZ strudure minimizes intra-zonal trips, which
are by natureexcludedfrom zonal modeling and, therdore, better estmatestraffic volume,
VMT, and airquality emissions.Table 2-4 showsthe numberof TAZs by jurisdiction in the

1998 versus the2000 TAZ structure.The numberof TAZs in the Baltimore regionincreased
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from 1,014t0 1,15

A map showingthe 2000 TAZ structurefor the Baltimore Region Travel Demand Model is
shownin Exhibit I. TAZs that were changedfrom the 1998 TAZ structureare shownin

gray while TAZs thatvere not changed are white. Most of the 137 new TAZsvika¢ added

as partof the developnent of the 2000 TAZ structure ardn outlying suburbanareaswell
outsideof the Baltimore Beltway (1-695). A total of 124 were locatedutsideof the beltway
comparedto only 13 within the beltway. Of the TAZs added within the beltway, most
were in the Inner Harbor orTowson areas. The Inner Harbor had nine TAZs added and

Towson had three.

Table 2.4: 1998 vs. 2000 TAZ Struture by Jurisdiction

Jurisdiction 1998 | 2000 | Number of 1998 TAZ 2000 TAZ
TAZs | TAZs |TAZs Added Numbering Numbering
Baltimore 207 217 +10 1to 207 1to217
AnneArundelCo. 193 208 +15 208t0 400 218t0 425
Baltimore Co. 325 342 +17 401to 725 426t0 767
CarrollCo. 76 95 +19 726t0 801 768t0 862
HarfordCo. 100 140 +40 802to 901 863to0 1,002
HowardCo. 113 149 +36 902t0 1,014 1,003to 1,151
Baltimore Region 1,014 | 1,151 +137 1to 1,014 1to 1,151
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Baltimore Region Transportation Analysis Zone Structure
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Trangportation Analysis ZoneM aps by Jurisdiction

Exhibit |

CHAPTER THREE

MATERIALS AND METHODS

Following the digitization of the road map of the study area and obtaining transport
characteristics such as vehicle types, road sizes aod, gbe following processes will be used

for the research work.

31 BACKGROUND

GIS is a technique for managing and processing location and related information. It visually
displays the results of analyses, thus enabling sophisticated analysis andegisain making.
Recently, systems using GIS have been developed for use in various disciplines. Development
of a system tht uses GIS to analyze traffioaysiszone hadeen pursued toward improving

the efficiency and effectiveness. Establishment of sy&em requires a design that enables
constructed databases to be used efficiently by GIS. Toward developing a flexible system that
achieves this goal, ArcGIS 9.3 is used, a GIS software application from ESRI (Environmental

System Research institute). Tioowing flow chart shows the methodology of the work.
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3.3 GROUND CONTROL POINT (G.C.P)

Ground control point was collected for 11 differ@oiordinate locations from my study area.

The datecollected is shown in table 3.1

Ground Control Point Table

Table 3.1: Showing Ground Control Points.

NORTHING

EASTING

336720.151995

1005351.27178

333777.779322

1000628.68590

333043.461012

1000179.93582

332798.688242

1005488.44527

331436.404259

1003355.07993

330328.057087

1002550.33871

335379.206052

999807.149006

333636.977008

1001742.80468

335399.398924

1001653.67187

335267.456822

1001859.83141
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334323.158545| 1002446.67866

Source: FronAbuja Federal Capital City (F.C)C

3.4 LOCATION O F STUDY AREA

The study area is Federal Capital Territory Abuja located along longitude 7° E and latitude 9° N

onthe map of Nigeria.

Fig 31: Showing Map of Federal Capital Territory
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35 GIS LAYERS

A GIS map is made up dhyers or collections of geographic objects that are alike. In order to

make a map we can add as many layers as we want.

3.5.1Layers Features
The road layers spans a number of traffic analysis zones and the districts covers so many other

zones Each geographic object in a layer is callddature

3.5.2 Features Have Shape and Size

Geographic objects have an endless variety of shapes. All of them, however, can be represented
as one of three geometrical foragolygon, a line, or a point. Polygons represent things large
enough to have boundaries, such as countries, counties, lakeacin of land. Lines represent
things too narrow to be polygons, such as rivers, roads, and pipelines. In our case we use road
polygons instead of road lines. Points are used for things too small to be polygons, such as crash
locations, cities, schoolgnd fire hydrants. (The same object may be represented by a polygon

in one layer and a line or@oint in a different layer, depending on how large it is presented).

Polygons, lines, and points collectively are called vector data.

35.3 Features Have Laations

GIS uses a fine grid that is called a coordinate system to put features in their proper places on a
map. The location of a point feature on a map is defined by a pair of x, y coordinates. A straight

line needs two pairs of coordinatese at the bginning and one at the end. If the line bends,
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there must be a pair of coordinates at every location where the line changes direction. The same

is true for a polygon, which is simply a line that returns to its starting point.

35.4 FeaturesHave ZoomingTendencies

On a GIS map, we can zoom in to see features at closer range. As we do so, the scale of the map
changes. Scale, commonly expressed as ratio, is the relationship between the size of features on
a map and the size of the corresponding places enwarld. If the scale of a map is
1:100,000,000, it means that features on the map are one hundred million times smaller than
their true size. Zooming in provides with a closer view of features within a smaller area. The
amount of detail in the featuresefonot change, however. The number of detail features that a

map has depends on the used layer. GIS layers can contain more future detail or less.

35.5 Features areLinked to Information

There is more to a feature than its shape and location. Tharerighing else that might happen

to be known about it. For a crash, this might include the number of vehicles involved, major
factor contributing to the crash, number of injuries and fataligies,for a road, it might be its
speed limit, the number ddines it has, pavement description, and whether it isna@yeor twoe

way. Information about the features in a layer is stored in a table. The tabledtasds(row)

for each feature in the layer andfiald (column) for each category of information. Thes

categories are calleattributes(Figure3.1)
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3
Atirbutes of ACCIDENT TABLE 2008 N ] P x|

0D MONTH TAR VIFA VISA VIMA | DAM | DAF | DCM | DCF| IAM | IAF | ICM | ICF [ ID*

4 0] JAN 2 2 9 14 2 - - - |8 2 1 - 1
1 |FEB Kl 5 " 14 3 1 1 - |8 4 - 1 2

2/ MAR 23 2 5 15 2 - -3 2 - 3

3| AR 10 - 4 6 - - -2 2 4 1 4

4| MaY 8 - 3 5 - - -3 2 4 1 5

5[JUN " 3 - 8 1 1 -3 2 - 6

6 UL 15 4 - " 2 1 - |4 2 - 7

T|AUG 2 3 " 8 3 2 1 - |5 2 2 1 8

& |3EP 21 4 - 17 1 1 - -2 4 - 9

§|ocT 16 8 3 5 2 - 1 12 5 - 10

10| NOV kL) 15 3 12 8 3 2 - |2 1 - 1

11| DEC 36 6 10 15 2 1 2 - |4 2 5 3 12

12| TOTAL 247 52 59 130 % 10 7 1|4 30 16 7 13

|
[

| Record:ﬂ J 1 jﬂ Show: W Selected Records (0 out of 13 Selected) Options =

= W = —

Figure 32: Screenshot oAttribute Table

Features on a GIS map are linked to the information in their attribute table. ligheghi a

specific TAZon the map, we will be able to bring up all the information stored about it in the
attribute table fofTAZ. If we highlight a record in the table, we will see the corresponding
feature on the map. The link between features and their attributes makessililgpdo ask
guestions and create queries about the information in an attribute table and display the answer

on the map (Figure.3)
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@ PROJECT1 - ArcMap - Ardnfo

I_rSs\ectByAttribuhes - —— (2 o |
3 B . - Ne@s s|8|i U eator | - | # ~ Tesh. [CremNew Fosture = | T =X 0|
I I Only show selectabis layers n this st X oo J ArcSketch v @5@» ] J HawthsTools = [} [ - |
| Method:  [Create 2 new selection 'd AL Y=F S AR Py R Rl R o|gj@|
1= ‘ =Bl H
i ae
DAM" KA
D 1 28 &3
== = 3 f :
2l : o
el o | oo
8 A B - o
ﬂ Get Urique Yalues | Go To 2 ;
SELECT * FROM Acc_Blackspol WHERE: =
AR >+ 20 Al &
Oear | Vey | Hlp | load | Save. |
ok [ mev | oo |
4 [0 13
__Dwl s -
S - | ST R

|grawingvk®\||:|'A'Ec\@Ma\ SR PRI SR AES

=
/@ B = | | 330904032 1007096187 Meters

Figure 33: Screenshot cQueryof TAZ.

Similarly, we can use attributes to creitematic mapsmaps in which colorer other symbols

are applied to features to indicate their attribuesypical thematic map is shown at Fig 3.3

below.

87



LY

I (»

Health Center S
o Resderdsl —
s ve Service
w Hotel
e e Locar ok
MR Aotor Park
MO Mosae
MT dotel
i ‘ " g loighbourhood Centar g
NPS lursery & Primary School
NS lursery School
T PFS  Petml Fiing Station
PP Police Station
PS Primary School
sc Shopping Complex
SHM ‘Shopping Mall / Plaza
£
§ . ; i
Y
Scale 1: 25,000
T—
Prvtes 15z
s /
e o S on B
] sessoow [ comemon [ mewevrumur - ] ememstmmer [ wmouse [ ] massrommmen [ comameriommmn DETAILED LANDUSE
[ wavcersry [t [ rosaoreiecon | T Bl ey T secwonmorner [ | sosoneseanion [T mecnearount Abuja Fcc' Phase 1-3
(TR T RS p— = SN [m [ omouumen
[ rowoemary exromen men = 111111 g | AGIS
B oo — R — oo [ o i
W e T Information Systems
9 Kumasi Crescent, Wase I
[ omessenvess Abuja, FCT. Nigeria
wnww abujagis com

88



3.5.6 Features Have Spatial Relationships

Besides asking questions about the information in attribute tables, we can aljgess&ns
about the spatial relationships among featfioesexample, which ones are closer to others,
which ones cross others, and which ones contain others. The GIS uses the coordinates of

features to compare their locations.

3.5.7 The ArcMap, ArcCatal og, and ArcToolbox Applications

In ArcMap we are able to create maps from different layers of spatial data, choose colors and
symbols, query attributes, analyze spatial relationships, and design map layouts. The ArcMap
interface contains a list (or tablé @ntents) of the layers in the map, a display area for viewing

the map, and menus and tools Working with the map (Figure 3.3)

% Untitled - ArcMap - ArcInfo =181x]

J File Edit Wiew Insert Selection Tools ‘Window Help

DS E&E|4 BRX|o ~|&|00 |2 | S| w2 | @ @ 5|6 E D e R

@anrun@es Ernona s

| a0 anatst = | Lover| s>t e |- e

B
Display I Sourcel F o e <| ILIL
Jgrawing' k®||:|'£jf_?.|l.ﬁ.rial jl1ﬂj]}_{g|iv &viv;v

| [480.82 10,96 Unknown Units |

Figure 34: Screenshot cArcMap Window in ArcGIS Desktap
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ArcCatalog is an application for managing geographic datAré@atalog, we browse spatial
data contained on our computerds hard di sk,
spatial data, preview it, and add itAoc Map. Arc Catalogalso includes tools for creating and
viewing metadata, which is theformation regarding the spatial data, such as who created it and
when, its intended use, its accuracy, and so forth. A folder can catiape fileswhich is a

vector data storage format for storing the location, shape, and attributes of geograpres.feat

A shape fileis stored in a set of related files and contains one feature class. Geographic features
in ashape filecan be represented by points, lines, or polygons (ar€has)folder might also
contain theBASE tables, which can store additionttiautes that can be joinedtsah ape f i |

features (Fig.4).

& ArcCatalog - Arcnfo - C\Users\ENGR ASHARA\Desktop\MALLPROJECT\Acc_Blackspotshp =HACIE X

File Edit View Go Tools Window Help

& | B3 X QDO
Location: |C:'-.Users'-.ENGR ASHARADeslktop \MALL PROJECT Azc_Blackspot.shp j

Stylesheet: FGDC ESRI

; x| GDBT Contents ]F‘rewew] Metadata]
500 MALLPROJECT =~

-5 MY MSC WORK MName:  Acc_Blackspot.shp
- 4444444444444 Type:  Shapefile
W) Acc Blackspot

-/ ACCIDENT_TAB
-[EE] ACCIDENT_TAB
ACCIDENT_TAB El
Bl County.shp

-[EF] Export_Output.c| -

- Geocoding_Res. "

- INDEX.shp
MM.dbf

F-E MY MSC WORK

-[E] MY MSC WORK

- New Address Lo

- Placesshp

-] PROJECT.mxd

@ PROJECTLmxd _

=N
4 [ e

Acc_Blackspot shp |

Shapefile selected

Figure 35: Screenshot oArc CatalogWindow.

In Arc Toolbox we can use tools to convert spatial data from one format to another and to

change the map projection of déag 3.5)
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[ &) ArcCatalog - Ardinfo - C:\Users\ENGR ASHARA\Desktop\MALLPROJECT\Acc Blackspotshp

P

J File Edit View Go Tools Window Help

olm Be x| 2 gaenrvieaoen|o|k]
Location: IC.\Users\ENGF{ ASHARADesktop MALL PROJECT Acc_Blackspot.shp LI

|
|
|

Styleshest:  [FGDC ESRI HEE R |

] a 3D Analyst Tools

-3 Analysis Tools

]--& Cartography Tools

2 Conversion Tools

3@ Data Interoperability Tools
- Data Management Tools
]--a Geocoding Tools

]--& Geostatistical Analyst Tool:
]--& Linear Referencing Tools
]--a Maobile Tools

]--a Multidimension Tools
]--a Metwork Analyst Tools
-3 Samples

-3 Schematics Tools

-3 Server Tools

- &8 Spatial Analyst Tools

FODEEEDIEEEEDEEEE

]

Al

»

13

-

m

Favorites | Index Searchl Hesullsl

GOBT Conterts | Preview | Metadata |

Name:  Acc_Blackspot shp
Type: Shapefile

Acc_Blackspot shp

Figure 36: Screenshot oArc ToolboxWindow.
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3.6 Criteria

The following criteria were considered ampof the adopted methodology of zoning.

3.6.1 Physical Geography 6 Study Area

Physical Geography is a basic requirement for delineating traffic analysis zone. The map of
Abuja provided the major input as the requirement of physical geography. Using the Census
Enumeration Area Dat¢CEAD) map obtainedrém the National Populatio Commission
(NPC) Abuja, CEAD as classified by INEC and documented by NPC is an area containing about
1000 persons. The areas are distinctively marked out on the map ofdyarsa and were used

for the ¢ting of polling zones. The markings of those areas make them suitable as a basis for
delineating the traffic zones combing it with other criteria. Fig shows an example of a

marked district with the CEAD.

3.6.2 Adopted Zoning Structure

There are three zorarstructure, these includes large, medium, and small size zoning structure.
The small zoning size has many advantager other zoning structure. Tlaelvantages includes

the following:

a. Rooms for more details.
b. Smaller number of people in a zone.

c. Better accracy in zoning.

Three CEAD were combined to form a TAZ unit. Three TAZ were combined to arrive at a

district for analysis of the desire linEig 3.7 shows the samples of the CEAD maps Wes
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used to build the TAZ units while fig 3.8 contaitise distrits comprised of the TAZs

respectively.
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of FCC using GIS
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3.6.3 Methodology of O-D Matrix Generation

For the production of the graphic and digital desire line, it is necessary to forrDamadrix
showing the various trips generated from different origins to the desired destinationsDAn O
survey was conducted using then questionnaire at.Big Be adopted approach was to conduct
home interview of people who usually go out for business and athities and road side
interview at selected parks. The methodology for the survey and administration of
guestimnaires is diagrammatically deped in fig 310. The resulting ED matrix table is at Fig

4.1. onlyinter-zonal trips were considered intzanal trips could be another subject of discuss

in future research.
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ORIGIN - DESTINATION SURVEY QUESTIONNIARE

Questions:

1. This trip began at (check one only) 5. How often do you typically
make this tpp? (check one
O Home O Friends or Relative homeonly
O My workplace O Personal Appointr-tnt Less than once a week
O School O Business Appointment O One of the five times a week
O Shoppig/Errandd Restaurant O More than five times a week
0 Other (Specify)
6. On this particular trip, how many people
were in your vehicleincluding driver and all

the passengers

/////////////////

/////////////

2 . The place whéé&déédéd s trip began: éé

//////////////////////////////

ceeeeeeeceeeceeeceeeceeeeceeeeeeeeecee

City/Town: --------------- e e PR

Street Address OR Nearest Intersection 7. If you made a stop on this

trip, what was th purpose of this stop? (Check all that apply)
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Name of Business (if appropriate): O Work place O 0

School Day care

----------------------- - e I L Gas[r auto serve
Eat Meal Recreation

3. This trip ended at: (Check one only) O Shopping O Rest Hkak
Errands

O Home O Friends or Relative hoi’e Pick up or drop off pssenger
0 My workplace O Personal Appointriknt Other (Specify)

0 School O Business Appointment ~ —-m-mmmmmmmm e

[0 Shopping/Erranls Restaurant ~ mrmmmm e
O Other (Specify) If you would care to make any specify
suggestions

4. The place where this trip Ended: about how to improve travel
along your route,

City/ TOWN: === m e m e please write them below

in the space provided.

Street Address OR Nearest Intersection = —eeeme e
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Thank you very much for your Interest and cooperation!

Please check here if no one at your address made the trip described in the cover|

Figure 3.10 Destination Survey Questionnaire
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Figure 3.11 The Transport Survey Process



CHAPTER FOUR

APPLICATION OF THE PROGRAM AND DISCUSSION

4.0

OF RESULTS

Data Description

4.1

The dataset used in this analysis was collected from Abuja (F.C.T) through Home Interview

Survey.

Analysis of the Data Collected

4.2

4.2.1 Attribute Table shows O-D Matrix Data

£
=
=)
B
w.ml

A

[ At

F32

F31

0

F29 | F30

0| 238

0

F22 | F23 | F24 | F25 | F26 | F27 | F28

23

F12 | FA3 | F14 | F15| F16 [ F17 | F48 | F19 | F20 | F24

34

325

243

0

0] 23

5

$8| 79| 45)346| 9B

23

348

F2| F3| F4 [ F5) F6 | F7| F8 | F9 [ F10 | F11

67| 48

1

13
14
15

16

18
18
20

2

22

2

0ID | ZONES_ALL | F1

10

12
13
14
15

17
18
18
20

21

22
23

Record: Ej j'—l_b]ﬂ

Options ~

Records (0 out of 150 Selected)

Show: FAT Selected

Figure: 4.1: Screen shot @D Matrix Data in ArcGis

Source: ABUJA
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FID Shape Id District* Acreage New_area -~

1 | Polygon 2 | ASOKORO 255436 10803693.81 —
2 | Polygen 3 | GARKI| 1223.21 4950142.08
3 | Polygon 4 | GARKIN 1159.43 488206427
4 | Polygon S | WUSE 1615.51 6537751.42

S | Polygon 6 | WUSEIA 751.75 3042238.77 =

& | Polygen 7| MATANMA | 1595.97 6458656 |
I 7 | Polygon 8 | GUDU 1528.86 6187068.75
I 8 | Polygen 9 | DURUMI 1253.07 S070895.24

9 | Polygon 10 | KUKWABA 3243.98 13127928.92 L)
10 | Polygon 11 | WUYI 1232.91 4989399.07
11 | Polygon 12 | UTAKO 11722 4743722.22
12 | Polygon 13 | MABUSHI 1224 5438959.89
13 | Polygon 14 | KATAMPE 1887.77 7639555.55
I 14 | Polygon 5 | JAHI 1285.59 £202522.81
I 1S | Polygon 16 | KADO 1618.07 85423116.71
16 | Polygon 17 | JABI 1140.52 4615572.94
17 | Polygon 18 | DAKIBIYU 1804.47 73024323
» 18 | Polygon 19 | DUBOYI 881.57 3567587.656
19 | Polygon 20 | KAURA 143228 5796653.1

I 20 | Polygon 21 | GADUWA 1502.9% 6082381.33 0.
21 Nahimnan 2o L nuTee aN40 28 Q420Nn49 7

[ Record: l_(l L“ 13 _bI il Show: I—AII_ Selected I Records (2 out of 45 Selected) Options ~ l

Figure: 4.2 Screenshot of District Attribute Data in ArcGIS

Source: ABUJA

OID | ID | AREA| ID1 | ZONES -
134 [ 150 253 0 | zone1
142 1 5.11 0 | zone1 =
122 | 10 0.67 0 | zone10

40 | 100 | 10.01 0 | zone100

41 | 101 9.6 0 | zone101

56 | 102 $.18 0 [ zone102

43 | 102 £7% 0 | zone103

57 | 104 3.83 0 | zone104

58 | 105 3.26 0 [ zone10S

22 | 108 1.61 0 | zone108

45 | 107 2.47 0 [ zone107

45 | 108 3.98 0 [ zone108

47 | 109 £.24 0 | zone109

8| 11 0.72 0 | zonel1

76 | 110 2 0 [ zone110

7 |11 1.57 0 | zone111

78 | 112 2.01 0 | zone112

79 | 113 281 0 [ zone113

20 | 114 173 0 | zonel114

81 | 115 0.99 0 | zone115S 1=

o 142 4 NO n ——e—mAAS

Record: E.I ;]I [} _)_I:I Show: I Al Selected I Records {0 out of 150 Selected) Options vI

Figure: 4.3 Screenshot of Zone Attribute Data in ArcGIS
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4.2.2 QUERYING DATA IN ARC MAP

IDENTIFYING, SELECTI NG, AND FINDING FEAT URES:

There are many ways to retrieve information abouufeae s i n  Ar ¢ Ma pdéntify T h e
features by clicking on them in order to display their attributes. The usesetzstfeatures by
clicking on the features to highlight them and look at their records in the layer attribute table.
The user carffind features by using known information about the feature in order to search the
map for that particular feature.

Identifying Features:

Perhaps the fastest way to get information about a single feature is to identify it, using the
Identify Tool.

To use thddentifytool, the user must select it from theols Toolbar. Within the map, the user
must click on the feature of interest in order to view the attribute information for that particular

feature.

€ ldentify [0l
Identiy from:

= D's‘"f“ Location:  [333,825.728 1,002,733, 106 Meters
‘ 39 Field | value

FID 0

Shape Polygon

Id 1

District CENTRAL AREA
Acreage  3990.65
New_area 16148615.41

Figure 4.4:Screenshot d¥lap of Abuja Showdentify

Selecting Features:
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If the user wants to compare information about several features, the best way is to select the
features on the map and look at their records in the layer attribute table. The easiest way to

select multiple features is by using thelect FeatureBool on theTools Toolbar.

To use theéSelect Feature$ool, the user must select it from tfieols Toolbar. On the map, all
features of interest may be selected by holding dowrsliife keyand clicking on the various
features of interestThe selected features will be outlined in blue. If a feature is selected by
mistake it can be dgelected by holding down thehift keyand clicking the feature again. All
features that have been selected can be cleared by clickiBglgaionmenu fran theStandard
Toolbarand selecting th€lear Selected Featureption.

To view the selected features' attribute table, the user musklighton the data layer where

features have been selected. TOpen Attribute Tableption should then be clicked.

@ Identify -2 Tools (B8]
Identify from: <Top-most layer> z @ Q
: T
& '51”1“5 Location: [ 333,825.728 1,002,733.106 Meters o
-39 Field | value | 8 A
FID 0 &

Shape Polygon
id 1 1
District  CENTRAL AREA s
Acresge  3990.65 L]

New_area 16149615.41

Figure 4.5:Screenshot dflap of Abuja Showng fiSelect Featurés

After the Open Attribute Table@ption has been selected, the attribute table will appear with all

of the selected features highlighted in blue.
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Attributes of Districts
FID Shape Id District * Acreage New_area - Q Q
> 0 | Polygon 1 | CENTRAL AREA 3990.65 16149615.41 B kd b
1 | Polygon 2 | ASOKORO 2694.36 10903693 31
2 | Polygon 3 | GARKII 1223.21 {ﬂy 0
3 | Polygon 4 | GARKII 1159.42
4 | Polygon 5 USE E
< | Polygen 6 EllA
6 | Polygon 7 | MATTAMA |
7 | Polygon 8 | GUDU
3 | Polygen 9 [ DURUMI -
9 | Polygon 10 | KUKWABA R
10 | Polygon 11 [ WUY1 é 4
11 | Polygon 12 | UTAKO =
12 | Polygon 13 | MABUSHI E &
13 | Polygon 14 | KATAMPE
14 | Polygon 15 | JAHI
1S | Polygon 16 | KADO
16 | Polygon 17 | JABI
17 | Polygon 18 | DAKIBIYU
18 | Polygon 19 | DUBOY1
Ic Pcrvgcn 20 KA-URA =
AAAAAA Y] :
Record: i'i] _I_] Show: m— Selected Records (19 out of 45 Selected) Options ~

Figure 4.6:Screenshot d¥lap of AbUJaShowng ASelected Featuras

The user can group all of the selected attributes, by clicking cgetbetedoutton at the bottom

of the attribute table. Only those features that were highlighted will appear.

Selected Attributes of Districts FoolsTiE]

FID Shape Id District* Acreage New_area @ Q

» 0 | Polygon 1 | CENTRAL AREA 3990.65 16149615.41 AR
1 | Polygen 2 | ASOKORO 2694.36 10903683.81

S | Polygon 10 | KUKWABA 3243.98 13127928.92 @ 0
13 | Polygon 14 TAMPE 1887.77 7639555.55
17 | Polygon 18 | DAKIBIYU 1804.47 7302432.3
21 | Polygen 22 | DUTSE 2018.36 8168013.26
24 | Polygon 25 | GWARINPA | A 1933.53 7824715.29
S | Polygon 26 | INDSTRA. AREA 182 12506.88 50613611.68
27 | Polygon 28 | INST.& RESEARCH 3327.73 13466837.55
28 | Polygon 29 | INST.& AREA Il 3812.1 15427094.54
29 | Polygon 20 | GALADIMA 224124 947488438
30 | Polygen 21 | DAKWA 1738.9 7037076.53
31 | Polygon 32 | LOKONGOMA 2432.21 10086020.43
32 | Polygon 33 | WUMBA 2578.28 10433890.11
33 | Polygon 34 | PYKASA 1780.2 7245106.51
34 | Polygon 35 | OKANJI 2098.62 849232297
35 | Polygon 36 | KABUSA 2394.53 9690322.78
36 | Polygon 37 | SARAJI 2722.07 11015835.36
44 | Polygen 45 | KARMO EXT 2057.71 8327248.29

Record: ﬂﬂ 1 jﬂ Show: All I Selected Records (18 out of 45 Selected) Options v

Figure 4.7:Screenshot d¥lap of Abuja Showg AGroupSelected Featurés

Now the user can easily compare various attribute values, such as Area.
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Finding Features

When the user has a piece of information about a feature, but is not sure where that feature is on
the map, the user can search the map for that feature using the known piece of information.

The user can find a feature, by selecting fed tool on theTools toolbar. When thd=ind

dialog Box appears, tHeeaturesab should be selected. The known attribute information should

be typed in thd=ind box. In theln Layersdrop down box, the layer that the user wishes to find
features in should be selected.tie Searchoptions, the user should choose to either search all
fields in the attribute table or a specific field. Once all parameters are semdimitton should

be clicked.

In the following example, the place of Wuse was found in the Abuja, Plate Lger by

typing in the known attribute information (i.e. place = Wuse,Wuse IIA and Wuse 1IB).

@ Find [ | Tools (8]
L Qe
Features | Places | Addresses | Route Locations E
i H-G24
Find: Jvuse] _:J Q {ﬂ_? 0
In: 'e Districts L, New Search ~ ‘ -
¥ =
[V Find features that are similar to or contain the search string [\J\ﬁ -
<J
Search: i T
& Al fields x o
" 1In field: & 2
FID | &7
& 7
- e By 1
Each layer's primary display field Cancel | =l @

Right-click a row to show context menu.

Value I Layer I Field I
WUSE Districts District
WUSE Il A Districts District
WUSE IIB Districts District

3 objects found

amx

Py

Figure 4.8 Screenshot dflap of Abuja Shog ﬁinding Featuras
Once theFind button is clicked and the feature is found, the user can locate it on the map and
get its attributes. This can be done when the user right clicks on the feature row found in the

Find dialog box and clickddentify Feature(s) The feature will briefly flashwithin the map

display and thédentify Resultdialog box will open.
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4.2.3 Selecting Features by Attributes

In addition to identifying, selecting, and finding features, the user can select features by
attributes by writing a query that automaticadblects features that meet specified criteria. The
simplest type of query consists of an attribute (such as PLACE), a value (such as 'Asokoro’), and
a relationship between the two (such as 'equal to’). A more complex query combines these
simple queries usg operators like 'and’ / 'or'. These queries are constructed Sisurgjured

Query Language (SQLArcMap creates the query automatically in this format.

To create an attribute query, the user must clickS&kectionmenu on theStandardToolbar.

The Selectby Attributes option should be clicked. In theelectby Attributes dialog box, the

Layerdrop down arrow should be clicked and the data layer of interest should be selected.

Select By Attributes 2= 4 3 g é 2 ' Tools

Qe

Layer: & zones

I~ Only show selectable layers in this list
L)

& @
o
N m
)
A 2
& 7

A&

Method: iCreate anew selection

:

SELECT * FROM DISTRICT WHERE:
"Acreage” >= 132665

Clear | Verify | Help I Load... I Save... |

ok | sy | cose | >

Figure 4.9 Screenshot dflap of Abuja Shouwng fiSelecting Features Attributed

The fields in the attribute table appear in Fieldsbox on the left of the dialog box. When a

particular field is highlighted, sample values display inthiguevalues list on the right. If the
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user wishes to see all of the attribute values,Gbmplete Listbutton may be selected. The

buttons in the middle are used to choose operators and to connect queries.

To perform a query, the user must doutliek an attibute field of interest, in order for it to

display in the bottom portion of tifgelect by Attributeslialog box. Then the user must click on

the appropriate operator button. A unique value of interest may be double clicked on within the

Unique Valuesox, or a value may be directly typed into the query string.

I n the following example, all Average were

Select By Attributes

Layer: Ie Districts
™ Only show selectable layers in this list

Method: lC{eate anew selection

"FID"

g
"District"
"Acreage”
"New_area"”

KATAMPE

'KATAMPE EXT

KAl

SELECT = FROM Districts WHERE:
"District" >= 'KATAMPE EXT

Clear I Verify I Help | Load... I

OK [ Apply | Close | i = e

F=t

Figure 4.10Screenshot dflap of Abuja ShO\M fPerformed One Quedy

Then, all TAR werli266®| AbDeD| MRt Chad BEEBNTRAI
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Select By Attributes Tools (@]
Leyer: [& zones K
I Only show selectable layers in this list K ma
Ax xw
Method: ’Create a new selection ¥
e =5 O @
FID
"1d" -
"District"
"Acreage” RP
"New_area” e,
"ZONES" ‘k °
= <> Like GUZAPE -
‘ASOKORO 2 £
> = And BUNKORO' =
‘CENTRAL AREA' =
< | <=| or||pakevu B2 &
‘DAKWA
B Net | | DUBOYI .|
ls I Walues

SELECT * FROM DISTRICT WHERE:
"Acreage” >= 1326.65 and "District" = CENTRAL AREA

Clear Verify | Help | Load... | Save... |

Figure 4.11Screenshot dflap of Abuja Shouwng fiPerformed Two Queriés

4.2.4Selecting Features by LocationInstead of selecting features by their attribute values, the
user may also select them by their location (their spatial relationship to other features, whether
in another layer or in the same layer). To select features by location, the user specifies a
sekction method, a selection layer, a spatial relationship, a reference layer, and sometimes a
distance buffer.

To begin selecting features by location, the user must clickséhectionmenu and click the

Select by Locatiomption. TheSelectby Locationdialog box open

Select By Location

ol 2 i 5 —
(25| = % Tools (8]
Lets you select features from one or more layers based on where they are T oy @ Q

located in relation to the features in another layer. ¥k KA

Iwant to: AR K¥
> O @
the following layer(s): - o
[ Districts
O zones ¥ @
ZONES S

)
# 2
& 7

A8

[J MINIOR ROAD
[J MAJOR ROAD
0O zones

™ Only show selectable layers in this list

that:
Iare crossed by the outline of _:I
the features in this layer:
[ pistricts |
I™ Use selected features (0 features selected)
I Apply a buffer to the features in Districts

of: [1580.000000 [Meters |

Help | oK | _ Apply | l Close |

Figure 4.12Screenshot dflap of Abuja Shoung fiSelecting Features by Location
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Once a feature has been selected in can be converted into its own ArcMap data layer.

This can be done by right clicking on the name of the data layer in the table of contents that
contains the selected feature of interest and clicking oQithate Layer from Selected Features
option in theSelectionmenuthe new layer will appear in thalile of contents. This layer is
given a default name that can be changed by right clicking on the name, sgbecpegies

selecting th&senerakab, and typing in a new name in theeyer Namebox.

Q ATOMODEL2 - ArcMap - Arclnfo = =l =)
FISNEd i Bookmarke et R oaeenon i T oo Window Bl ‘
DEEH&S & BRBX | v o |[120586 v| |[+Z | & @ 83 2= | K2 | Georeferencing v| Layer: [Resuting mage123454CROPjpg v| (|~ A @
gator v| > | #]~] 1o [t pestre =] | Toger | EECEIEL YL
Labeling v @ < B B G K[t - MBS + 8 3 bpotdF 2 G |+ 5 i Y B B eportoxr + @ B © B A M5 Word Spell and Grammar Check 1] T

B £ TRAFFIC -
£ 4 ZONES selection
[}
=] Districts
a
= O Zones

=
B ones
]

=] MINIOR ROAD

= MAJOR ROAD

= O ZONEs
=B
B @ Resulting image1234]
RGB
MM Red: Band_l
[ Green: Band 2 -
M Blue: Band3

b £ TRAFFIC ZONE
= M ZONES
O
= M ZONES
o =

i »

Display | Source | Selection
Daving <[ K (5 @@ | O] Al~| Z|[@ma ][0 =] B 7 U|A~ &~ S~ -~
e | |291629.738 1004978.248 Meters

Figure 4.13 Screenshot oMap of Abuja Showng ConvertedSelected Featurasto its Own

ArcMap Data Layer.

4.2.5 A Typical Example of Desire Line

A typical example of Desire line are show below with attributes of zones matrix desire lines.
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Attributes of ZOMNES MATRIX DESIRE LINES

oIl 1D LENGTH DIR ZOMNES_ALLA1 ZOMNES_ALL AB | BA CORE_ID
o 1 1.23 o) 1 2 <= S7 o
1 = 1.57 1 1 3 | 345 o c
2 3 2.21 1 1 = 23 o o
3 = 2.5 1 1 S 58 O O
- S 3.55 1 1 (= 78 o o
S L= 3.17 1 1 7 <= o o
= 7 <28 1 1 8 | 2348 o o
73 = =82 1 1 9 S8 O o
8 S £.85 1 1 10 | 242 o o
S 10 £.23 1 1 11 | 325 o o

10 11 3.57 1 1 12 22 o o
11 12 5.6 1 1 13 23 O O
J2 13 £.82 1 1 1= S o o
13 12 <11 1 1 15 10 o o
1= 1S 2.87 1 1 16 23 o o
15 16 2.7=2 1 1 Sk d p= O O
16 17 3.6 1 1 18 85 o o
17 12 o3 1 1 12 2 c c
18 19 <12 1 1 20 s8 o o
19 20 7.79 -1 1 63 0 p=4 O

an o = -~ - -

= ==
Record: 14 |

P — T

~ ==
Show:l All Selected l

Records {0 out of 1568 Selected)

Options -~ l

Figure 4.14 Screenshot of able Showing Attribute of zonesatrix Desire lines

Q ATOMODEIL2 - ArcMap - Arclnfo

i File Edit View Bookmarks Insert Selection Tools Window Help

[E=m=E =)

I DsE&| s BB X

| Editor | > | £ |~

a5k [ Create New Feature

5|

oY
2

| Labeling ~ @ & & @ G R|[for | EES + &0 :

= M Districts
m]
& 0O Zenes

O
= M ZONES

= M MINIOR ROAD

= M MAJORROAD

= O ZONES
|
£ @ Resulting imagel 2|
RGB
MERed: Bandl
[ Green: Band 2
M Blue: Band3

E £ TRAFFIC ZONE
= @ ZONES

O
= M ZONES

Resulting imagel2:

= £7 DESIRED LINE
< Il | »

Display [ Source | Selection

28] Div A~ %

| prawing = K

@024

+

o [ [[EEs o][2] & @O 3| N? | Georeferencing v | e ocps <] QY[ 4@
EEGIEECY. L]
e | ¥ E XY HAE

0] Al [zl B 7 u|A~ &~ 4~ o~ |

[ 106,118 -55.81 Unknown Units

Fig 4.15: Screen shot Showing a Typical ExamplPedire lines with Bookmarks view
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Figure 4.5: Screenshot dflap of Abuja Shoung a Typical Example of

Desire linesn zoomed style.
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