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Hello friends, welcome again to the introductory lectures of transportation systems which is part
of Sustainable Transportation Systems course.
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Today we will discuss about like, what is transportation system after all and what are different
transport modes, which can be integrated and then what are different factors which can influence
the efficiency of a transportation system and those factors which influence the development of a
particular transportation system. So, both things means, it is the efficiency of a particular
transportation system and development of in totality of the transportation systems and different
components of the transportation system and multimodal transport those kinds of things we will

discuss today.
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Transportation System ?

*Atransportation system can be defined as

“the combination of elements and their interactions, awm

which produce the demand for travel within a given

area and the supply of transportation services to _ q hh Q
satisfy this demand.” ‘ =] \

N

* Transport modes
* The various networks used to transport
people and/or goods.
* Includes Motorized and Non Motorized
Transport (NMT) modes

Source: (Ennio Cascetta, 2001)

So, what is transportation system after all, basically, when we integrate different transportation
modes, then the use transportation system emerges, like we can walk to a particular station then
we can take bus, we can go to a destination, then we can have another kind of like non-motorized
transport to reach a particular place, then we can go to railway station, we can have train, then
we can go to airport, those kinds of things means different kinds of transportation modes are
there. And that networking is very, very important, which can have linkages between all kind of

transportation modes whether it is non-motorized transportation or motorized transportation.
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So, when we talk about different transport modes then in our mind we will visualize that
railways or buses, etc. And when we talk about railways then like surface railways or elevated

railways, when on the pillars and light rail transit systems or underground tubes, like metros also.
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When we talk about like road transport, then in our mind the picture is there of bicycles or two

wheelers like motorcycles, scooters, three wheelers or heavy vehicles or private cars or public
buses, etc.
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Similarly, when we think about air transport, then helicopters or commercial aircrafts, private
jets are also there, these people can have, then air ships, blimps or hot air balloons, which are still

used for metrological observations, those things come into mind.
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And when we talk about what to transport, then like inland water transport IWT or international

water transport means from one country to another, like ships and cargoes all those kinds of ferry
boats, small boats, cruise ships, cargo ships, submarines, even warships, all those are there in

terms of water transport.
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Transport Modes

Pipelines
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Well, then pipelines, these are the modern way of transportation there were open canals were
there for transportation of water and goods, but now oils as well as water within the pipe, one can
transport from one place to another, like for refineries, oils are transported by these pipes. And
nowadays, people are also talking that if we can use bigger or larger size of pipes, and not only
water or oils, but we can put some airtight containers and within those containers something,
some goods can also be there. So, floating with the oil or water those things can also be
transported from one place to another. So, these are the ideas people are trying to incorporate in
those systems.
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Well, when we talk about ropeways then like a monocable ropeway or bicable ropeway, tricable

ropeway depending upon the situation, topography or hilly areas, those kind of things need to be
taken into account to decide which kind of ropeway we have to use.
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When we talk about railways, then we think about like railway stations and then the railway

tunnels or bridges depending upon again, which part we are thinking about railway crossings,
those signages and all these systems have to be there.
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Transportation Infrastructure

Railway infrastructure Railway tracks
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When we talk about the infrastructure means like rail infrastructure railway stations or these
signals or tunnels when we are trying to reach from one point to another in hilly areas, so

shortest distance can be through tunnels.
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Traffic Signages Traffic lights and Street lights Pedestrian facilities

Soutce: (Roberts, 2004)
And when we talk about road infrastructure again tunnel maybe they are like railway track,
bridges may also be there, then there can be unpaved roads or paved roads depending upon the
terrain and traffic lights have to be there because any kind of infrastructure, any kind of



transportation mode has a particular type of infrastructure without that infrastructure, we cannot

run that particular transport mode.

Like when we talk about road transportation, then road infrastructure means, you should also
have the petrol pump because gasoline and diesel you will need to drive your cars or vehicles, so
those kinds of things. Now, we are talking about electric vehicles. So, for that we have to have
charging stations. So, whatever transportation mode, you think about you have to think about

their infrastructure also.
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Well, in transportation infrastructure in terms of waterways, you can have these aqueducts when

A
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you are passing through a river, then aqueducts have to be there for taking canal above the river
or this is one example of this Panama Canal, that when elevation difference is much more than
how these kind of locking system and raising the water level and the ship going up to this level
and then down again. So, these kinds of artifacts, wonderful technological wonders have been

created by human beings.

And then lighthouses for like ships these were before like now, we have these satellite related
communication systems or IT, but earlier these were the artifacts which were used for seeing

where is the destination for a particular ship or where is the place where we will land.
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Air traffic control, when we talk about then again, you have to have the control room which will
communicate with the pilot, and then navigation system, all those and hangars where aircrafts are
repaired or they are kept when they are on the ground. So, those kind of air traffic control tower,
all these infrastructure have to be into place otherwise, we cannot have the proper functioning of
air system.
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Transportation Infrastructure
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When we talk about multimodal connectivity, then terminals and stations have to be in place

properly like if you are talking about bus stand then it can be connected with the railway station



through like over bridge, etc. that position should be nearer to the railway station. Similarly, last
mile connectivity has to be incorporated properly because if you want to reach to your home or
office, so, how will you reach, there may be some rickshaw or some three wheelers, those kinds
of facilities has to be there plus these kind of the signages should be there like you need to know
when the next train is coming and how much | have to wait those kinds of infrastructure system

has to be there.
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In ports and seaports like docking facilities where we will do container loading or cranes will be
there for loading and unloading and then docking facilities where ships will be there, they will

rest. So, those kind of draft must be there.
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And when we talk about cycling infrastructure then again you will need parking space where
safely you can park your bicycle and go for shopping, etc., then you can come again or means
even you can use your bicycle when you go to the office, when you are traveling through bus or
train.

So, you can take your bicycle to the bus stand, you can park there, if there is a good parking
facility, when you come back you can take your bicycle to your home. So, those facilities we
have to provide. Then bike paths should be separate and dedicated one so that safely one can use

the bicycle, otherwise people will not feel incentive and motivated to use the bicycles.
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Transportation Infrastructure
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Living streets means where again you have to make them like a calm streets, where not
motorized vehicles are allowed, only walking or bicycles are allowed on those particular places
like recreation places, parks or children playing grounds, those kinds of things. And there may be
like these kind of things where one can rest for a while.
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So, in nutshell we can say that the influencing parameters or factors, which determine or
influence the transportation systems are like speed, safety, adequacy or frequency, then
regularity, integration of one mode to another, then responsibility to hold something. Similarly, it



should be economic, it should be cheap, it should be economically viable, comfort level should
be good, fuel efficiency must be there, otherwise it would be very expensive to use more fuel,
employment generation it should be linked to because like you might have heard that now
government has Kisan Rails. So, from farmers produce particular place to another state one can

transfer those things.

So, there are several factors which can influence this transportation system. So, now we will go
one by one. Speed, speed very important, some countries believe that high speed better economy,
you can have expressways like we are accustomed to higher limits of the speed, but in those
countries, they have like limits you cannot drive your car lower than this speed. So, those are the
expressways. So, speed is very important to travel from one place to another, if speed is, means
speed can be held very good or high speed transportation systems are there then in very less

amount of time one can travel or goods can be transported very easily or efficiently.
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Factors influencing Efficiency of a Transportation System ?

* Speed
+ Essence of transport
+ Faster transport, Reduces overall cost, reduces storage
and inventorying
+ Faster turn-around
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+ Safety
¢ Safety of passengers and goods
* Highest possible standard of construction, maintenance
and operation
* Protection against theft, fire and damage in case of goods

Soutce: (L. R. Kadiyah 2017)

Then safety issues, because if infrastructure is not in good shape, and if there are not good

signages there may be accidents. So, to avoid that safety issue are also very important, some
those kinds of facilities must be there.
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Factors influencing Efficiency of a Transportation System ?

* Adequacy
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Source: (L. R. Kadiyah 2017)

Then adequacy means, the capacity should be adequate, it is not like people are making crowd

and there is no place for sitting or comfortable journey. So, adequacy is very important aspect in
that sense, otherwise, it will be very difficult to travel, it will be very tiring and very

uncomfortable.

Frequency means suppose, you want to use public transportation system and if you know that my
office hour like my work ends at 5:30 or 6 PM and if there is a bus at 6:10 and if | miss it, then |
can get at 6:30 or so, then if it is a good frequency at that time, then you will have motivation to
use the public transportation system. Otherwise, if you feel that, okay, if I miss one bus and if it
will come after two hours or so, then you will feel that I should have my own vehicle. So,

frequency is very important in that sense.

And then regularity also, punctuality means on time it is there then only you have this incentive
that you use those public transportation systems or those kind of things. Then integration because
if you are traveling from your workplace to home, and if it is not only single type of
transportation system, but there are multiple like you have to travel by train and then by bus, and
maybe by walking or rickshaw or something like that.

So, the integration must be very good in that, because when you leave one type of transportation
system or mode and you go for other mode, then it should be available there, you should not be



waiting for hours there otherwise you will lose so much productive hours. So, integration is very

important.

And then the responsibility like if something happens, then the system should be there, which
can handle it, if you lose something then or something damage happens then you can properly
lodge your complaint and that should be addressed timely. Comfort, of course, comfort level is
very important. If you get tired during the traveling then it is not a fun, then you will feel that 1

should have my own vehicle rather than using the public transport system.
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Factors influencing Efficiency of a Transportation System ?
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Cheapness means economically viable, it should be in a wearable to your pocket, it should not
charge much, otherwise you will feel again my lot of salary is going in the transportation that is
not a good thing. So, the economic viability is very important. And fuel efficiency is important
again, in terms of economic factor, because if more fuel is being burned, then more expensive

will be the journey. So, efficiency must be taken into account.

And of course, as | said, like there is now new Kisan trains. So, employment generation means if
transportation modes is not only making to travel, but also creating or helping in employment or
selling your things efficiently, then nothing like that it will really boost your economy as well as

it will help you to use it properly.
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Factors influencing Development of a Transportation System
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Then, what are different factors which influence transport system at different scales like local or
regional scale or national and transnational or international you can say and then globally scale.
So, those factors are basically like environmental factors or historical factors are also there, but
that can be overcome by new policies and political factors can be there, economic factors can be

there, all those factors influence the transportation systems or modes.
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Factors influencing Development of a Transportation System

Local Scale
+ Environmental *  Political
* Hydrography and Geomorphology + Zoning
+ Historical * Economic
* Cultural and Settlement patters * Employment and distribution

+ Technological
+ Roads

Source (Jean-Paul Rodrigue, 2020)

So, on local level if we look into like environmental aspects then like hydrography or

geomorphology those are the important issues, means like if there is a rain, then it should not be



flooding the roads otherwise you cannot travel conveniently. So, those aspects should be taken

into account so that floodwater goes away very quickly.

Historical, cultural and settlement patterns can also decide some way because if there are places
which are visited very frequently then a transportation mode must be there, then technological
means roads of bituminous kind or cement concrete or other different materials. So, those

technological aspects are also important.

And then zoning means industrial zones or commercial zones or residential different kind of
zoning may be there and there may be some conflict of interest but if public transportation like
those organizations are managed properly, then they can handle those things nicely. Economic
factors are also because employment and distribution of things should be linked with the
transportation as | said if it is not adding into your economic activities, then people will not feel

motivated or incentive to use those particular transportation means.
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If we talk about regional scale then the climatic factors are more important and historically urban
systems technologically means railways or canals, those are for regional transportation those are
more economical you can say. So, these taxation and regulations political because in regions
from one organization to other organization, you link then these issues are there. So, there should

be proper arrangement to address those issues.
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Factors influencing Development of a Transportation System
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Then national and transnational so distances are more. So, again, different corridors or sea routes
are to be managed properly, and there should be trade agreements, otherwise, you cannot travel
from one place to another or you cannot ship your goods, if you do not have proper agreements.
So, all those issues come into picture and economic factor is that there should be market
otherwise, if there is no market, there is no fun in transporting your goods there, it will not be

sold and you will you will not earn profit or it will not be economically viable.
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Similarly, if we talk about global scale, so environmental factors becomes global in a scale like
oceanic masses, so proper arrangement of those treaties, etcetera, and historical means
globalization because of technological regions. Now, this the whole globe is becoming one

village as you people, we talk about those.

Then technological like air transport or telecommunications, they are helping us in global scale
factors managing these transportation systems. Then political because multilateral agreements
are necessary for intercontinental and international businesses. So, like WTO organization is
there, World Trade Organization all those. Economic interdependency and cooperative

comparative advantages and cooperation must be there for addressing those issues.
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Transportation System Components ?

¢ Transportation System Components

.w as an External perspective
General ——
Public A " /Gmpelitlob

The Transportation
Sv—
Customer System

N
Financial / “ \
Community Industry

Stakeholders

Source (Joseph M, Sussman, 2006}

Then, if we talk about like the different components in nutshell, so government's role is there of

course, and means, this transportation system is linked for all those components. So, government
will be there for different policy matters, regulations, etc., general public, which is kind of a
stakeholder which is there, then the customers are there to use those public transportation system

and other infrastructure.

Then financial community who can give loan if we want to have a big transportation system then
sometimes loans are needed for buying vehicles and buses and all those things. And then supply
industry means timely those if we have a particular network then supply industry should be able

to supply us those particular vehicle, fleets, etc.



And competition must be fair means it should not be like we are favoring a particular mode over
the other then it will not work because integration will not be proper and the other mode may be

suffer, it can have losses and then ultimately the public or masses will be at loser end.

(Refer Slide Time: 20:32)

Transportation System Components
Government

+ Taxes
+ Safety Regulations
* User Fees

. FinancialRegulation ; W]
* Entry and Exit from Market I - -
* Monopolies |

* Provider of Infrastructure
* Provider of Funding

Source (Joseph M. Sussman, 2006}

So, how this government plays role as you can see these taxes, then safety regulations or user
fee, they can be decided by the government because otherwise suppose private players are there
and if there are no regulations one can charge any much and that is not good. So, there may,
there should be some regulations that only this must the cost then this much of percentage you

can have your gain and you can decide the price.

Then entry and exit from the market and monopolies all those issues are government regulated
ones, so that the fair playing field can be ensured. So, rules, compliance and standards and all
those things are there for this particular system.
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Then if we talk about competition then intra-modal or inter-modal like rail versus road
transportation systems or these waterways or those and then means, like communication system,
which can competition can be enhanced by using those particular components. So, people the
common error or common mistake people make that competition is the static but it, with the time
it is dynamic, sometimes which is very profitable transport mode, it can be at the losing end also.

So, we have to be innovative and vigilant about those issues.
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Then supply industry like infrastructure builders, low tech, high tech, and electronic components,
all those things must be available in time, just in time like this Japanese technique. So, those are
the issues then insurance industries are also there, if something happens then there should be a

particular way of handling those things.
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Similarly, like stakeholders which are of different nature like environmental community, they
can ask for issues which are related to the environment, if something is being damaged, some
environmental components are being harmed then those issues must be addressed properly and
financial community like through equity or debt, how can we generate resources to support our

system all those things, we have to look into.
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+ Combining multiple modes of transportation
to transport people/goods effectively from
point of source to point of destination.

¢+ Also called as “Combined transport” or
“Intermodal transport”

*+  Ensures seamless travel by:
* Vehicle mode Integration (Car, BRTS, Metro etc.)
+ Service Integration (Private & Public modes)
¢ Infrastructure Integration (Bus & metro stations, Parking
facilities etc.)

Then multimodal transport because there are road, there are railways, there are air traffic, there
are these waterways, etc. So, all those things and then walking also, all those things has to be
integrated properly. As | said earlier, if suppose, you are traveling through train and if you are
not finding some rickshaw to go from a train station to your house, then again it is a problem.
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So, multimodal integration should be proper as it is shown very beautifully in this picture like
from home if you start your journey, so by car you can go and at bus terminal, you can park your
car there, you can use metro then you can work and office. Similarly, you can come back, then



take your car and again, means traveling some like 80 kilometers, 100 kilometers or so. So, those
kind of multimodal transportation systems can be useful. Similarly, like from one end to another
end, so those issues has to be handled properly. So, that there is no gap between one
transportation modes usage to another transportation modes usage.
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And these are some challenges for multimodal transportation system like if one particular mode
has poor infrastructure then you can have in one mode good journey comfortable journey, but in
another mode you are finding it very difficult. So, those infrastructure challenges must be

addressed in time.

Then intermodal linkages which | am trying to repeat again and again that those must be
integrated properly. Then, you can have these modernization of public passenger terminals,
because if there is no good waiting area and people are not finding it place as a comfortable for
thermal comfort as well as other comfort parameters, then again public will feel discouraged to

use those particular transportation systems.
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Conclusions

+ Transportation Systems includes all modes of transport
(road, rail, air, waterway, pipeline and cable) along with
its infrastructure facilities.

* An efficient Transportation System comes with efficient
policy measures and good infrastructure facilities,
integrated modes of transport and integration with ICT
facilities to tackle congestion, pollution and ot
negative externalities affecting environment.

+ Sustainable solutions and measures are the future of
Transportation systems.

So, now we can conclude that any transportation system can include all modes only then we can

have the journey towards sustainable transportation system, because road, rail, air, waterways,
pipeline or cable, all these infrastructure facilities has to be there, if you want to interconnect

with each other in a efficient and effective way.

Well, there are some issues related to like congestion related to pollution that we will see in later
lectures, but they have to be addressed and so that sustainable solutions and measures can be
incorporated to achieve the sustainable transportation system. So, | hope you have enjoyed this
particular lecture about different modes of the transportation and the infrastructure and how to
integrate them, how to put them in place, so that we can have a journey towards sustainable

transportation system.
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*+  Jean-Paul Rodrigue (2020). “The Geography of Transport Systems”, Fifth Edition, New York: Routledge. ISBN 978-
0-367-36463-2,

¢ Joseph M. Sussman, (2006). “Introduction to Transportation Systems”, Part I, Fall 2006, Lecture notes,
Massachusetts Institute of Technology, https://ocw.mit.edu/courses/civil-and-environmental-engineering/1-201j-
introduction-to-transportation-systems-fall-2006/lecture-notes/lect3.pdf.

*+ Kadiyali, L. R. (2017). “Traffic engineering and transport planning”, Khanna Publishers.
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Transport Research, Vol. 13, Issue. 1, ARRB Publishers, ISSN: 1037-5783.

These are the references which you can go through to have additional knowledge about a

particular part of the lecture. Thank you for your kind attention, and we will continue these

lectures towards the journey of sustainable transportation system. Thanks again.



