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PREAMBLE

n inaugural lecture is glorifying as a man or woman
getting married and it comes with some trauma asa
womanin the labour room who after delivery forget
the agony. I am glad today because it is my turn to give the fourth
series in the Department of Urban and Regional Planning and

being the sixth in the School of Environmental Technology.
Mr. Vice-Chancellor, sir.

As a professor of Urban and Regional Planning (URP) whose
research orientation and perspectives have widened to include
areas of interest such as Environmental Impact Assessment,
Remote Sensing Applications, Transportation Planning and
Management, my major area of emphasis is on the application of
technology to transportation and this has INFORMED the choice
of my topic for today's Inaugural Lecture titled: Leveraging
Advances in Transport Development: To Where is Nigeria
Heading? This invariably reflect the multidimensional nature of
urban and regional planning as a discipline concerned with
providing answers to What, Where, Why, How and the Impacts of
the built environment, but also gives discourse on man's most
fundamental needs of overcoming the friction of space since
their needs are notalways in situ.

[ will like to quickly establish the fact that there are many areas of
specialization in transportation generally without conflicting
interestand areas of focus, which include:

Transport Geography which is a sub-discipline of Geography
that seeks to understand the spatial organization of mobility by
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considering its attributes and constraints as they relate to the
origin, destination, extent, nature and purpose of movements. It
investigates the movement and connections between people,
goods and information on the earth's surface.

While Transport Engineering is one of the essential civil
engineering disciplines, impacting roadways, bridges, transit
stations, airports and sea ports etc. It focuses on the structural
design and implementation of large public and private
infrastructure systems that connect our physical world; while
applying technology and scientific principles to the planning,
functional design, operation and management of facilities for any
mode of transportation in order to provide for the safe, efficient,
rapid, comfortable, convenient,and economical.

Transport planning on the other hand involves developing
model and techniques for: forecasting origin and destination of
trips, modal choice, trip distribution, future travel demand and
determining supply and improvements to the transport
infrastructure thereby reducing energy use. It also uses planning
methods to predict, represent and quantify: the evolution of land
use in cities, travel attributes such as trip purpose, travel
decisions, including modal split. Planning models then examine
the feasibility of projects and policies through cost-benefit and
scenario analysis.

Transport Economics is a branch of economics founded in 1959
by American economist John R. Meyer that deals with the
allocation of resources within the transport sector. It has strong
links to civil engineering and it differs from other branches of
economics in that the assumption of a space-less, instantaneous
economy does not hold. It is assumed that demands peak
advance ticket purchase is often induced by lower fares and that
the networks themselves may or may notbe competitive. A single
trip (the final good, in the consumer's eyes) may require the
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bundling of services provided by several firms, agencies and
modes.

Onthe other hand, Transport Management (Technology and
Studies) is concerned with the optimization of the utilities of all
the transport modes thereby making right product and services
available at the right time, right price and at right place while
leveraging on IT technological advancement for Real time
transportation tracking. It is concerned with routing and
scheduling which is most fundamental in supply chain or logistic
management as it address all costs associated with inbound and
outbound transportation modes.

Membrane Transport is a bit isolated from the rest so far
discussed but is more related to liquid conveyance from one
location to the other in human system as human body is about
60-70% water (99% water, 0.83% ions and 0.17% organics).
Passive-mediated transport facilitated diffusion (High to Low
concentration), while active transport: from Low to High
concentration may require energy or membrane potential.

1. Historyof Transport

Transportationis as old as man on the planet earth as man moves
from one point to another in search of basic necessities of life.
From human porterage to the use of donkey and horses for the
conveyance of goods around 3500 BC Later on wheel was
invented. The industrial revolution actually revolutionize the
transport sector at the end of 18" century Transportinnovation
has bridged locations that previously seemed impossible and the
increase in speed has enhanced quicker interaction along
development corridors within and between the main urban
centres or peripheries. It is generally agreed among scholars that
transportation occupies a crucial place in the process of
economic development (Olukoju, 1996).
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Transport development in Nigeria has impacted greatly on the
socio-economic growth of the nation as it over depend on road
transport system. The demand for transportation facilities is a
derived demand as a means to an end According to Anyanwu et al
(1992) the history of road transport in Nigeria can be traced back
to 1904 when Lord Luggard attempted the construction ofa mule
road linking Zaria and Zungeru both in the Northern parts of
Nigeria. The same road was later extended from Zaria to Sokoto,
Katsina and Maiduguri, although, the road linking Ibadan and
Oyo constructed in 1906 is recorded to be the first motorable
road ever constructed in Nigeria. Ofall freight movements to and
from the sea-ports, two-third are now been conveyed by road,
while up to 90% of all other internal movements of goods and
services take place by roads.

Automobiles have made great contributions to the growth of
modern society by satisfying many of its needs for mobility in
everyday life. The rapid development of the automotive industry,
unlike that of any other industry, has prompted the progress of
human society from a primitive one to a highly developed
industrial society. The inimitable goal of transportation is to
overcome space, which is a function of a variety of human and
: physical constraints such
o'“?" st bty -Q as distance, time,
— o ——— i— political system and
@m;,:m. . topography. Col!ecltively,
ks it they attract a friction to
o) T any movement, generally
T e . known as the friction of
E ' space which can always
! | be partially
E circumscribed asin Fig. 1.

Distance (D) —

Figure 1. Transport mode and friction of space.
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2. Evolutionofautomobile industry

In carrying out an evolutionary review of automobile design and
development, Ferdinand Verbiest,amember of a Jesuit mission in
China will readily come to mind. He was the first to build a steam-
powered vehicle around 1672 as a toy for the Chinese Emperor. In
1806, the first cars powered by an internal combustion engine
running on fuel gas appeared, which led to the introduction in
1885 of the ubiquitous modern gasoline - or petrol-fueled
internal combustion engine. However, the year 1886 is regarded
‘the year of birth of the modern automobile’ - with the Benz
Patent - Motorwagen, by German inventor Carl Benz,
(Eckermann, Erik (2001).

In terms of early gaseous experimented, the Swiss engineer
Francois Isaac de Rivaz built an engine powered by internal
combustion of a hydrogen and oxygen mixture in 1806. While in
1826, an Englishman Samuel Brown tested his own hydrogen-
fuelled internal combustion engine by using it to propel a vehicle
up Shooter's Hill in south-east London. Another Belgian-born
Etienne Lenoir's Hippomobilemade a test drive of his hydrogen-
gas-fuelled one-cylinder internal combustion engine from Paris
to Joinville-le-Pont in 1860, covering some nine kilometers in
about three hours, (Eckermann, Erik (2001).

Nicolas-Joseph Cugnot also later built steam-powered self-
propelled vehicles large enough to transport people and cargo in
the late 18th century. He demonstrated his fardier a vapeur
("steam dray"), an experimental steam-driven artillery tractor, in
1770 and 1771. But as technological innovation shifted to Great
Britain, William Murdoch in 1784 built a working model of a
steam carriage in Redruth, and in 1801 Richard Trevithick was
running a full-sized vehicle on the road sin Camborne,
(Eckermann, Erik (2001).

In 1815, Josef Bozeka professor at Prague Polytechnic built an oil-

8 Federal University of Technology, Minna



fired steam car. While in 1867, Canadian Jeweler Henry Seth
Taylor demonstrated his 4-wheeled "steam buggy" in Quebec.
But what can be defined as the first "real” automobile was
produced by Amédée Bollée in 1873; it was self-propelled steam
road vehicles to transport groups of passengers. The four-stroke
(gasoline) internal combustion engine that constitutes the most
prevalent form of modern automotive propulsion is the work of
Nikolaus Otto and Rudolf Diesel. Steam-powered automobiles
continued to develop up till the early 19th century before the
petrol engines as the motive power of choice in the late 19th
century. The first motor car in Central Europe was produced by
Czech company Nesselsdorfer Wagenbau (later renamed Tatra)
in 1897, (Eckermann, Erik (2001).

In Vienna Austria, another inventor called Siegfried Marcus puta
liquid-fuelled internal combustion engine on a simple handcart
which made him the first man to propel a vehicle by means of
gasoline in 1870. This car is known as “the first Marcus car”. In
1883, and the design was used for all further engines, and the
four-seat “second Marcus car” of 1888/89. This ignition, in
conjunction with the “rotating-brush carburetor”, made the
second car's design very innovative. Figure 2 reveals the
chronological transformation in shape and functionally of the
automobile to the present modern era SUV models, (Eckermann,
Erik (2001).

The electric ignition system can be linked to Robert Bosch in
1903, but independent suspension was actually conceived by
Bollée in 1873 and four-wheel brakes by the Arrol-Johnston
Company of Scotland in 1909. Since the first Ford's Model Ts
vehicle in 1908 which has metamorphosis into the present day
hybrid vehicles, the technological revolution in the
manufacturing of automobiles requires an equally rapid
advancement in human capacity development to attend to the
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associated complex modern eraautomobile buses.

2.1 ModernEraVehicles

There are some technical design aspects that differentiate
modern cars from antiques. The modern cars have been growing
in standardization, platform sharing, and computer-aided
design. Some particular contemporary developments are the
proliferation of front and all-wheel drive as against back axle, the
ubiquity of fuel injection and car brain-box system. Nearly all
modern passenger cars are front-wheel-drive designs, with
transversely mounted engines, but this design was considered
radical aslate asthe 1970s.

Body shapes and lighting system have changed over the years.
These include: the hatchback, sedan, and sport utility series
dominate today's automobile market. Old emphasis practicality
has mutated into today's high-powered luxury crossover SUV,
sports wagon, two-volume Large MPV. The rise of SUVs
worldwide has changed the face of motoring, coming to
command more than half of the world automobile market, see
Fig. 2 for the automobile metamorphosis trend. The modern era
has also seenrapidly rising fuel efficiency and engine output with
the computerized engine management systems. Thus,
necessitating the need for the advancement of automobile
mechanics and other automobile technician related
entrepreneurs in Africa to keep abreast global best practices in
their field, if Africans will continue to maximize the benefits
inherentin the modern automobile technology.

¥
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Figure 2. Trend in the automobiles metamorphosis

3. Environmental effect of the Automobile and Energy
Shortage

The global acceptation of automobiles as the common mode of
transportation by land and the diversification of models has led
to the large number of automobiles in use around the world
which has triggered and continued to cause serious
environmental problems on human life (Ronney, 2017). Air
pollution, global warming, and the rapid depletion of the Earth's
petroleum resources are now problems of paramount concern.
The combustion of hydrocarbon fuel in automobile engines has
never been environmental friendly but tolerated as technological
advancement, (Dukiya 2013). Besides carbon dioxide and water,
the combustion products contain a certain amount of nitrogen
oxides (NOx), carbon monoxides (CO), and unburned
hydrocarbons (HC), all of which are toxic to human health.

Researches all over the world reveal that the major sources of
GHGs as at 2006 were passenger cars (34%) and light duty
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trucks, which include Sport Utility Vehicles (SUV), pickup trucks,
and minivans (28%). Together with motorcycles, these light-
duty vehicles made up about 63% of transportation GHG
emissions. The next largest sources were freight trucks (20%)
and commercial aircraft (7%), along with other non-road
sources (which combined, totaled about 7%) (US DoT, 2014,
2015). These, as displayed in Fig. 3, include direct emissions from
fossil fuel combustion, from the year 2000; the carbon dioxide
emission from the transport sector exceeded that of industries
due to the global increase in the rate of car ownership. In
response to GHGs challenges, global crusade on climate change
and the need for smart city is on the increase. Intelligent
Transport System (ITS) as one of the responses to city traffic
gridlock, energy crises and climate change refers to the
application of communications and information technology to
transportinfrastructure and vehicles to improve the efficiency of
transportation networks (John, 2001).

For instance, the need to improve the balance between different
transport modes, and to improve safety and mitigate the impact
of transport on the environment are some of the key challenges
set out in the

e _ e —— European

iin R | Commission's
ézz—w White Paper on
H N e n Transport
3 e Rt~ ———==""_| “European
é‘: ~_--"~"" _—__—=="""| Transport Policy
3 _’_/-“( for 2010: Time to
E: " | decide” (CEC
o 2006, NRC

. 2001).

W w0 wes wew 1w o I0F 2000 3B o
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Figure 3. Global trend of carbon dioxide emission
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Political data on petroleum reservation is always rising from
1950 till now, when from the technical sources, oil reserves have
peaked in 1980. It is well recognized by almost every
International Oil Companies (10C) that, since 1980, oil discovery
is less than oil production as indicated in Fig. 4 at the Conference
of the Parties (COP) meeting in Paris in December 2015. Thisis a
clear signal that energy leaders believe that the world is in an
irrevocable path towards decarburization, one that is no longer
entirely dependentonaglobal climate agreement.

The number of years that the oil resources of the Earth can
support global oil supply completely depends on the discovery of
new oil reserves and cumulative oil production (as well as
cumulative oil consumption). Referenced data show that the new
discovery of oil reserves occurs drawlingly; while on the other
hand, the consumption rate is skyrocketed due to the rate of car
ownership, as shown in Fig. 4a, b. If oil discovery and
consumption follow current trends, the world oil resource will be
used up by the year 2038, (Ehsani et al 2003). It is becoming very
obvious that new discovery of petroleum reserves under the
Earth is waning. The cost of exploring new oil fields is becoming
higher and higher. Itis believed that the scenario of the oil supply
will not change much if the consumption rate cannot be
significantly reduced. As revealed in Fig. 3, the transportation
sector is the primary consumer of petroleum, consuming 49% of
the oil used in the world. In the US. Energy Information
Administration (2016) reference case, transportation sector
delivered energy consumption increases at an annual average
rate of 1.4%, from 104 quadrillion British thermal units (Btu) in
2012 to 155 quadrillion Btu in 2040. Transportation energy
demand growth occurs almost entirely in regions outside of the
Organization for Economic Cooperation and Development (non-
OECD).
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In developing countries like Nigeria, the transportation sector
shows the fastest growth in petroleum consumption; and unlike
in industrialized countries, oil use for purposes other than
transportation is projected to contribute 42% of the total
increase in petroleum consumption, U.S. Energy Information
Administration (2016).

4. Automobiles Conventional Fuel Paradigm Shift

The new knowledge in climate change as at now is the greater
certainty that the rate of change is likely to be greater than at any
time in modern history [IPCC 2007ab]; and that climate change
will not necessarily occur gradually. Climate scientists expect
that higher temperatures will be amplified by normal variability
in climate, leading to new extremes far outside current
experience [e.g., the heat wave in Europe in 2003 (Stott et al.
2004) and the near record heat of 2006 in the United States
(Hoerling et al. 2007)]. Higher temperatures are also likely to
trigger surprises, such as more rapid than expected melting of
Arctic sea ice and rising sea levels, (the New Orleans flood and
tsunamis).

Researches reveal that light-duty vehicles generate one-third of
global CO2 emissions which is about a third of U.S emissions.
Individual vehicles' CO2 emissions capturing is meritoriously
impossible, so reductions in the transportation sector can be
effected majorly by the replacement of current fuels with lower-
carbon or zero-carbon fuels. For instance, in response to a
congressional requestin the Energy Policy Act of 2005 of USA, the
National Research Council (NRC)study estimated the maximum
practicable number of hydrogen fuel cell vehicles (HFCVs) that
could be deployed in the United States by 2020 and beyond,
together with the investments, time, and government actions
needed to carry out this transition, (NRC, 2008).

The global awareness of the fossil fuel combustion contribution
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to GHGs has brought about the discovery of alternative fuels,
known as non-conventional or advanced fuels, which are any
materials or substances that can be used as fuels, other than
conventional fuels. Conventional fuels include: fossil fuels
(petroleum (oil), coal, propane, and natural gas, as well as
nuclear materials such as uranium. Some well knew alternative
fuels include biodiesel, bioalcohol (methanol, ethanol, butanol),
chemically stored electricity (batteries and fuel cells), hydrogen,
non-fossil methane, non-fossil natural gas, vegetable oil, and
other biomass sources.

Staggeringly, the concept of a hybrid electric vehicle is almost as
old as the automobile itself. The first electric vehicle was built by
Frenchman Gustave Trouvé in 1881. It was a tricycle powered by
a 0.1 hp DC motor fed by lead-acid batteries, (Jessica 2017). The
modern electric vehicle era culminated during the 1980s and
early 1990s with the release of a few realistic vehicles by firms
such as GM with the EV1 and PSA with the 106 Electric. The Africa
Section of the Society for Conservation Biology (Osondu, 2007,
SCB-(IEA, 2004, Biofuelwatch, 2007) distinguishes the various
terms often misused in the discussion of alternative fuel as
follows:

. A biofuel is any solid, liquid or gaseous fuel produced

directly or indirectly from biomass, such as straw, grass,
or processes such as collection of land-fill gas,

. Agrofuels as products of agriculture biomass, by-

products of farming, and/or industrial processing of
agriculture-linked raw material. The term covers mainly
biomass materials derived directly from crops and
agricultural, agro industrial and animal by-products such
asdung, cornand soy,

While Wood fuels include all types of bio fuels derived
directly and indirectly from trees and shrubs which grow

16
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on forest and non-forest lands, including charcoal and

methanol, (FAO, 2004, 2008)
The U.S. bio fuel industry has grown dramatically in recent years,
with production expanding from 1.6 billion gallons in 2000 to 9
billion gallons in 2008, According to the U.S. EPA's EMTS data for
2017, the U.S. market for biodiesel and renewable diesel topped
2.6 billion gallons.In 2016, the U.S. marketapproached 2.9 billion
gallons. This dramatic increase can be attributed to the rise in
production of corn-based ethanol and associated, smaller
quantities of soy-based biodiesel. The number of refineries has
also increased-from 54 in 2,000 to over 350 in January 2015,
(Doug Tiffany,
2018). See Fig.
5a, b for a typical
bio fuel filling
station.

] Figure 5: a, b.
Typical Brazilian
filling station with
four alternative
fuels for sale:
biodiesel (B3),
gasohol (E25),
neat ethanol
(E100), and
compressed
natural gas (CNG).
Sdo Paulo, Brazil.
b) Alternative fuel,
B20 biodiesel at
the left and E85
ethanol at the
rightVirginia.

Source: www.alamy.com
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4.1 Hybrid Urban Mass Transit Buses

Hybrid buses were developed to improve emissions, as well as
decrease fuel usage and improve reliability that will translate
into significant cost-per-kilometre operating savings. Hybrids
are found to be 50 percent quieter than diesels. Hybrid diesel-
electric buses (model DE60LFR) for instance enabling the
Chicago Transport Authority (CTA) to achieve the best
performance and safety out of its buses by providing the right
information, to the right people at the right time which help
transit authorities with the ability to monitor and improve fuel
economy, schedule preventative maintenance and ensure that
the vehicle operates safely, Philippe (2013).

The hybrid hydrogen bus (fuel cells powered by hydrogen)
developed by ATP and Vossloh Kiepe is an innovative approach to
tomorrow's local public transport. The emission from the
exhaust pipe is said to be simply steam and nothing more. The
bus is one of a series of test vehicles for regular service in
Amsterdam and Cologne. The new 7900 Hybrid Articulated
model that takes productivity to new levels, offers fuel savings of
up to 30%, high capacity of up to 154 passengers, over 50% more
passenger capacity and 15% lower fuel consumption per
passenger compared to a 2-axle Volvo hybrid bus, see Fig. 6 and 7
for the comparative efficiency and global trend of usage, Siemens
AG(2016).

Plug-in hybrids enable silent operation in the centre and in
" sensitive areas. The introduction of charging stations enables
75% electric drive with the reliability of diesel power. Electric
buses are introduced in dense city traffic. Plug-in stays efficient
outside the centre and in intercity operation. Hybrid buses are
preferred in transit operation and where the frequency does not
motivate charging station investments.
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The dilemma then is the fact that the advanced countries of the
world will no longer depend on the OPEC market for their energy,
and countries like Nigeria whose foreign earning wholly depends
on petroleum exportation will crumble economically and
otherwise.

5. SmartCity Movement

Traditionally, a Smart City has been defined as a city that uses
information and communications technology to make its critical
infrastructure, its components and utilities more interactive,
efficient, making citizens more aware of them. It is another city
management approach that has been introduced as a strategic
device to encompass modern urban production factors in a
common framework and to highlight the growing importance of
Information and Communication Technologies (ICTs), social and
environmental capital in profiling the competitiveness of cities. A
city can be defined as 'smart' when investments in human and
social capital and traditional (transport) and modern (ICT)
communication infrastructure fuel sustainable economic
development and a high quality of life, with a wise management
of natural resources, through participatory action and
engagement, (Caragliu et al. 2009; Giffinger et al. 2007; UCLG
Babao2012). Therefore a hypothesized smart city function can
be identified (and ranked) along six main axes or dimensions as
follows according to the global smart city crusader:

i. asmarteconomy

ii. smart mobility

iii. a smartenvironment

iv. smart people

v. smartliving

vi. smart governance.

5.1 Intelligent TransportSystem and the automobile
The concept of Intelligent Transport System (ITS) emerged in
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1991, when transportation professionals recognized the
significant roles that electronic technologies can play in
optimizing surface transportation. It was the same year that the
United States (U.S.) Congress legislated the national ITS program.
Since then, computer, communication, and sensor technologies
have improved dramatically, and ITS technologies have emerged
in highway and public transitjurisdictions worldwide. Accérding
to EU Transport Research Team, 2016, the key accomplishments
include the deployment of:

i. Real time urban traffic management and monitoring and
incidentnotification;

ii. Traffic signal control and ramp metering to improve
traffic flow and safety;

iii. Advanced Vehicle Control and Safety System, AVCSS,

iv. Improved traveller information; Advanced Traveler
Information System, ATIS

v. Commercial vehicle screening and electronic toll
collection;

vi. Satellite-based dispatching systems in public transit
operations;

vii. In-vehicle navigation systems in private vehicles;

viii. Smart parking management;

ix. Eco-drivingand eco-routing;

x. Ridesharingservicesviathe Internet; and

xi. Car-sharingand publicbike-sharingservices.

For instance, the U.S. Department of Transportation (1970)
reported that ITS spending is 10 times more effective in
providing road capacity than spending on road building, and
that, freeway management systems such as ramp metering have
reduced crashes by nearly 50 percent while allowing 22 percent
more traffic flow at speeds 13 to 48 percent faster than prior
congested conditions. As against the manual enforcement of
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speed limit in some developing countries like Nigeria, road
sensors sense the speed of approaching vehicles and display itin
relation to the mandatory speed for the road lane for which
drivers are expected to adjust their speed immediately to avoid
penalties. See Fig. 8 for a typical ITS electronic installation for
vehicular speed control.

B R T

Figure 8: Speed limit mobile sign post

ATS deployment to road traffic management has been grouped
into eight according to their beneficiaries. This include:
travellers information services, traffic management and control,
drivers driving aid, commercial vehicle management, public
transport management, emergency management, and safety
enhancement, all these are further detailed in table 1.

22 Federal University of Technology, Minna



Table 1: Division of ITS by ISO TC

Service category Service No. Service name
o Pre-trip information
A On-trip dniver information
Travelers information 3 On-irip public transport information
B Personal information services
5 Route Guidance and Navigation
6 Transportation planning support
7 Traffic control
8 Incident management
Traffic management - — P——
10 Policing/Enforcing traffic regulations
11 Infrastructure maintenance Management
12 Vision enhancement
13 Automated vehicle operation
Vehicle 14 Longitudinal cgllision al\foidaw:c
15 Lateral collision avoidance
16 Safety readiness
17 Pre-crash restrain deployment
18 Commercial vehicle preclearance
19 Commercial vehicle administrative process
Commercial Vehicle 20 Automated roadside safety inspection
2 Commercial vehicle on-board safety monitoring
2 Commercial vehicle fleet management
pi] Public transportation management
Public transpont 4 Demand responsive transport management
25 Shared transport management
26 Emergency notification and personal security
Emergency 27 Emergency vehicle management
28 Hazardous Matenals and incident notification
Electronic Payment » Electronic financial transaction
30 Public travel safety
Safety 31 Safety enhancement for vulnerable road users
n Intelligent junctions
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5.2 Decision Support System (DSS)

Decision Support System (DSS) is defined as a specific class of
computerized information system that supports business and
organizational decision-making activities. A properly designed
DSS is an interactive software-based system intended to help
decision makers compile useful information from raw data,
documents, personal knowledge, and/or business models to
identify and solve problems and make decisions. The DSS and its
concept are widely used by transportation agencies for a variety
of purposes ranging from transportation network planning to
highway asset managementand dangerous goods routing.

SDSSisaninteractive, computer-based system designed to assist
in decision making while solving a semi-structured spatial
problem. It provides computerized support for decision-making
where there is a geographic or spatial component to the decision.
Computer support for spatial applications is provided by
systems based around a Geographic (or Geographical)
Information System (GIS) (Keenan, 2003). GIS was first used in
the 1950's in North America, largely for the automated
production of maps, but 1960's saw the introduction of many of
the basic conceptsinGIS.

In rout management decision making, the route manager can
also carry out a broad range of “What if” simulations to find the
solution that minimize cost. In Chicago for instance, there was
reduced traffic congestion, better air quality, more efficient
distribution of goods to businesses a