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Challenge of Urban Transportation
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Challenge of Urban Transportation
Planning

1.1 World of Change

Three critical dimensions of change relevant to transportation
* Change in Demand for transportation
« Change In Technology
* Change In Value

These three dimensions form background against which we shall
develop the basic concepts of transportation systems analysis

Source: Transportation System Analysis
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1.2 sruuauda liiaieszuy (Total Urban Transport System)
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Challenge of Urban Transportation
Planning

1.2 Total Urban Transport System

In approaching analysis of transportation systems problem, the total
transportation system of the region must initially be considered

1. All modes
2. All elements of transportation system
(such as persons goods vehicles and network)

3. All movement through the system

4. For each specific flow, total trip (from origin to destination, over
all modes and facitilies)

Source: Transportation System Analysis
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1.3 Interrelation of Urban Transportation System and Activity System
e This interrelationship is fundamental to our view of transportation
system analysis
e System of interest can be defined by three basic variables:
e T: Urban transportation system
o A: Activity system (pattern of social and economic activities)

e F: Pattern of flow in transportation system (represented volume
and level of service)

Source: Transportation System Analysis
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Basic relations

Relation No. 1

and

determine
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Relation No. 3
also
cause changes over time in the
transportation system (T) (in
response to actual flows,
governments will develop new
transportation services)

Relation No. 2

cause changes over time in
(through
development of new
transportation service cause
change in land use )

Source: Transportation System Analysis
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Challenge of Urban Transportation
Planning

Responding to this challenge is not easy, “Transportation system”
must be understood as

e A technology

e A system of physical elements managed by human organizations
to move people and goods

e A subsystem of complex of social, economic, political and other
forces, summarized as “the activity system”

e Most important of all, must know how to use this understanding
effectively

Source: Transportation System Analysis



Challenge of Urban Transportation
Planning

o _ ' - H
’5» A

o - r _ K
‘ ." > o B

AILUTUAN L UNN5IALATIENTEULUIWES (The Major Variables)

1. T: ssuuaugaluiiiae (Urban transportation system)

2. A: szuuAanssu (Activity System) 3a g 1nnaLATHSAAURTFIANUDILIAY
Ghite

3. F: gduuuwasnisivia (Pattern of Flow) #a ARy 2a9n1T3 TN RTURLUURY
(w&a9lusl UsuNun15asTHAsUURY wWarsEAUA1SUSA1A 165 )

4. O: nmutlan (Options) Aa ANFULATIIY AAITEUUUURKILRLTZUUAANTTUNAN
ANANRRANITUURY

5. I: wansznu (Impacts) Aa wansenuntAaduannAIsaugInavNnaILtdiunIg
MNLAAUDINIILRAAN LU LAY

Source: Transportation System Analysis



Challenge of Urban Transportation
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The Major Variables

1. T: Urban transportation system

2. A: Activity System or pattern of social and economic activities of study
area

3. F: Pattern of Flow (i.e. flow volume and level of service)
4. O: Options or decision variables (Intervening in system)

5. I: Impacts (Consequence of transportation)

Source: Transportation System Analysis
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Source: Transportation System Analysis
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Options

e Or Decision Variables

e Defines as “aspects of transportation and activity systems, directly
changed by decisions of one or several individual or institutions,
intervening the system”

e Any proposed change in a transportation system (or a
completely new system) can be expressed in terms of options

e Available options can be divided into 2 groups
e Transportation Options
o Activity Options

Source: Transportation System Analysis
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Transportation Options

e Technology

e.g. ITS, HST
e Network

e.g. grid system, radial links and concentric circles
e Link characteristics

e.g. highways, rail lines, or urban streets
e Vehicles (number of vehicles and vehicle characteristics)
e System operating policies

e.g. service route, service schedule or pricing policy
e Organizational policies

e This set of transportation options fully defines the space of possible transportation

plans and policies
Source: Transportation System Analysis
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N19LRaNA1UAANTIU (Activity-system Options)
e Travel options

. options open to every potential users of transportation system

e.g. whether to make a trip at all, where to make
how-by what mode and route

it, when and

e  Aggregate result of all individual decisions about travel expressed as

demand for transportation
e Other activity options

e  options about how, when and where they will conc

uct their activities

e Over the long term, these options profoundly influence demand for

transportation

Source: Transportation System Analysis
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Impacts

Impacts can be broken down as follows (in term of groups
on which impacts fall):

1. User impacts

2. Operator impacts
3. Physical impacts
4. Functional impacts

5. Governmental impacts

Source: Transportation System Analysis
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| Planning
1.3 Prediction of Flows

e In transportation system analysis, we need a for predicting impacts associated
with any set of options

e In transportation, impacts depend upon pattern of flows (F) resulting from particular set of
options
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Indentifying variables for prediction of flow

* Present transportation system (T)

 Present activity system (A)

» Changes in transportation options (AT)
» Changes in activity-system options (AA)
 Future transportation system (T')

» Future activity-system options (A")

» Changes in pattern of flows (AF)

Source: Transportation System Analysis
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Hypothesis for prediction of flow

1. Transportation system (T) establishes
indicating how level of service (S) varies

e Service function (J) is a function of
and

o Example, for particular transportation system (T), level of
service (S) that traveler will experience is

S =J(T,V)

Source: Transportation System Analysis
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Hypothesis for prediction of flow

2. establish
These demand functions give volume of flows (V) as a function
of and

V =D(A,S)

3. consists of using system and
experienced by those travelers

F=(V,S)

Source: Transportation System Analysis
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Source: Transportation System Analysis
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,'Simple Equilibrium

« Particular transportation system ¢, v A
(T) and activity System ( A) T constant A constant
produce flow pattern (F9), is J P
volume (V) and level of service
(SY) determined as the
to service and demand v S
relations

» Thus specification of T and A
implies particular values of
equilibrium volume (V°) and level
of service (S°)

(T,A)->(J,D)->| F(T,A)=(V°,S") |

Source: Transportation System Analysis
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Simple Equilibrium

or determine Equilibrium

Flows (V) from minimum \

volume (V) and demand

value between capacity

volume (V)

Ve =min(V,,V;)

Source: Transbportation Svstem Analvsis
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Implication of simple equilibrium

It supposes that considering 2 alternative A
transportation systems, T° and T!

T, : Existing transportation system,
eX. a highway between two towns

T, : New facility, ex. An improved
highway by increasing number of lanes

This figure displays two service functions,
J% and J! corresponding to T, and T;,
service attribute is travel time (t)

.
V
Figure Comparing two systems

(Since improvement in S corresponding to reduction in t, the curves
in this figure are opposite in shape to those of previous figure)

Source: Transportation System Analysis
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X Simple Equilibrium (2)

v

Implication of simple equilibrium

« Equilibrium flow over TV is flow FO =
(VO, t0) determined by intersection of J0
and D, Demand curve

A

« Now consider improved system, T,,
represented by, J;, If assumes that same
volume of travel, VO, will occur on new
system as on the old, we would
anticipate a service level, t*

<YV

Source: Transportation System Analysis
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Implication of simple equilibrium

« However, constant-volume assumption is
erroneous, for travel volume will increase
because increased level of service — decreased
trip time — will attract more users

 Extent of this increase in volume is given by
demand function, D. Thus actual flow pattern
resulting will be that given by equilibrium of D
and J1, F1 = (V1, t1)

 That is, traffic volume will increase, and level
of service will be intermediate between t0 and
t*: new facility will serve more users at a level
of service that is better, but not as good as it
would be if no new users were attracted

Source: Transportation System Analysis
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Source: Transportation System Analysis



Considering a highway connecting two towns (suburb and city)
e |evel of service (S): expressed by travel time (t)

e Transportation system (T): two-lane highway (one lane per one
direction)

e Service function (J): considering roadways separately
e General form of service function: S = J (T,V)
e inthisexample:t=m + nV
(where options T are reflected in values of parameters mand n, T = (m, n))

e For this particular highway, parameter values are m = 10
min. and n = 0.01 min per veh/hr

e Thatist= 10+ 0.01V

Source: Transportation System Analysis
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>~ Example 1: Applying concepts (2)

"'J

o Activity System (A): two towns characterized by their populations,
employment levels, and income levels. Trip-making behavior of residents
reflects these variables

e Demand function (D): considering one-way demand for travel from City to
suburb only

e General form of demand function: V = D(A, S) and V= a + bt
Where options, A are reflected in parameters, a and b: A = (a, b)

e For travel between two towns, parameter values are a = 5000 veh/hr and b
= -100 veh/hr/min

e Thus V = 5000 — 100t

e Flow pattern (F): defined by volume (V) (veh/hr) of travelers from City to
Suburb, and level of service they experience, expressed by travel time (t)
(min): F=(V, t)

Source: Transportation System Analysis
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Source: Transportation System Analysis
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2. Example 1: Applying concepts (3)

N/

e Equilibrium: equilibrium flow pattern (V°, t% corresponding to
options (T, A) will be such that both service and demand relations
are satisfied:

t=m+nV® =10 + 0.01VY
VO = a + bt? = 5000 — 100tV

o Determine equilibrium flow patter F1 = (V1, t1)?

Source: Transportation System Analysis



35N LLf)”m/mj‘wvfomm?mmm")m/ﬁ\?zvm J1 uag D1 iWau1 anseuden

UASIUAITIAN9E vanuna Fi=( Vi, ti) %ﬂlmﬁ)\?ﬁ)\‘iﬁ‘ﬂﬁmuﬂ’m
t A

90
80

70

60

50
40
30
20
10

————— F *=(2,000,30)

0

|
>
1,000 2,000 3,000 4,000 5,000 6,000 V

5U7 1.5 msfiunumiedugauoianyazas1asuazuuds

A dautlasnn Manheim, 1979
Source: Transportation System Analysis

< UARTIT



Solution:

1. Graphically plotting service |

and demand functions on

same set of axes. Determine

equilibrium flow pattern F;
from Iintersection of two
functions or

2. Solving equations for F;=( 2

Vl’ tl)

D' 3’
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0 fF———-— F '=(2,000,30)

10

|
>
0 1,000 2,000 3,000 4,000 5,000 6,000 V

Figure ... Graphical calculation of an equilibrium

| flow pattern
nn: saJasain Manheim, 1979

Source: Transportation System Analysis
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N

Example 2: Applying concepts (1)

From Example 1, Department of Highway is considering improving a
highway by increasing number of lane. The new service function is:

t=10 + 0.005V

Find the new equilibrium volume and travel time (F,)?

Source: Transportation System Analysis
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Solution:

1. New improved highway establish
new service function (J2)

2. Intersection of J2 and D1 is the
new equilibrium flow pattern, F2 =
(2,666, 23.33) Notice that new link
results in decreased travel time and
Increased volume. Thus improved
facility has “induced” or “generated’,
666 new users on the link

23.33— —

| | L | | >
0O 1,000 2,000 |3,000 4,000 5,000 6,000 V

2,666
Figure ... Effect of a change in service function on an

~ equilibrium flow pattern
nn: aalasarn Manheim, 1979

Source: Transportation System Analysis
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(11nn91 10 T) ?vuumm‘?mmmmﬂﬂaﬂuuﬂmiﬂmu
ﬂﬁ‘zsmmuma‘mum:Tm\mu”LmL'wmu

ﬂﬁ‘wmﬂﬂmmmmmﬂumﬂummumqum (Tlme Value) Guu
(@mmmummwwu LW@Lmﬂﬂ‘uLfamma‘mumqmmmL‘mm)
* AMNN30LIB389 Demand function i Ae a’ = 7,500 ﬂulsﬁqim (veh/hr), b = -
150 /g2l (veh/hr)

3.1 asanUsmauFaumguAinisdmasaas Demand Function
» 3zULLAN (V = 5000 — 100t)
e szuulud (V = 7,500 — 150t) ?

Source: Transportation System Analysis



As Example 2, if the planning and construction of new facility takes a long
time, over 10 years, the activity system changes as follow.

* Population and number of employee increases
 Travelers consider more on “Time Value”

(Paying more expensive cost for decreasing same amount of travel time)
« Parameters of new demand function is a’ = 7,500 veh/hr, b’ = -150 veh/hr

Example 3.1: Examine parameters of Demand Functions, discuss briefly
physical significance of these values.

* Existing system (V = 5000 — 100t)

* New system (V = 7,500 — 150t) ?

Source: Transportation System Analysis
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Q’ v 1 v = v d?
e NITNNLITETINTUASAITAINNIU ANA VU047 71299 1 [N NN T 1
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I d’ d? . o v a d’ a’ 43 I a
* ANYBANLIAINNINTU (T ime Value) 71 1W9a1aun NN AL

v Y A

zv'qmvwawzmuquéﬂ@ﬂuéﬁuquﬂvmuwwmmmuummu UAANRINA
wvﬂmmmbmmmymmmm 100 1i]14 -150

(AN170685 b TAAIINEEUITENAINNFENNITAUN NFIBLIA UAWN I
(Sensitivity of demand with respect to travel time))

Source: Transportation System Analysis



Solution:

* Increase of population and employment, it results in increasing of
traffic, expressing by parameter a, increasing from 5,000 to 7,500

 Increase of “Time Value”, resulting in travelers changes to use
other routes to travel although increase of travel time still be same,
expressing by parameter b, higher magnitude of minus sign, -700 to

-160 (Parameter b examine the sensitivity of demand with respect to travel
time)

Source: Transportation System Analysis
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fun: dautlasnn Manheim, 1979
Source: Transportation System Analysis
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=~ Example 3.2 : Applying concepts (1)

3.2 Determine new equilibrium pattern of flow, F3?

Solution:
1. Plot D2

2. Solve equations to find intersection of
J2 and D2, new equilibrium pattern of
flow, F3=( 3,430, 27.15)

0 1,000 2,000 3,000 4,000 5,000 6,000 V

Figure ... Effect of activity-system changes
fn: dautlasnn Manheim, 1979

Source: Transportation System Analysis
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anazauna F3=( V3, t3) mwummz@‘mmmﬂ/umu@ “198711N77

mumommumﬂ (NE1LAY F2) LL!@\?@’)?? NITLATEULAL IR YBNT UL
nangsa (Shift in Demand)

1 1 O o Y Aa o
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Source: Transportation System Analysis



Discussion:

* Intersection of J2 and D2 is equilibrium pattern of flow, F3=( 3,430, 27.15),
both values increases when comparing with F2=(2,666, 23,33) due to
growth in activity system (Shift in Demand)

* However, Iif no improvement on a highway in the future, remaining to use
(J1), the equilibrium of flow is F4=(2,400, 34), meaning travel time increase

and volume decrease

Source: Transportation System Analysis



¢ AMNANAUS (2) sl,ugﬂ‘ﬁ 1.1 ARANENALAS
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Uszang (Population) LL@ mﬂummumq
(Travel Tlme) ﬂvummummuwﬂm A819
FaLing muu@wﬂmﬂmsﬁu@ﬂmﬂmumﬂum
1 (Demand Function, DO) wlaaslihiflu D2 Aa

AauaUlUNI9mn189 DO Ananglugln 1.9

e oy J1 A @m:rmvmﬁ‘slmmma‘mmhmnw gﬂ'ﬁ' 1.9 naulBemutlaqas s Aansay

ivumumimwﬂmﬂﬂmu (T1) NIzaziiuann D2 7iun: sautlasann Manheim, 1979

LAY J1 @JlmﬂLL‘umjmvammﬂum F2=(v2,t2)
Source: Transportation System Analysis
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. nalAsuulasreadulfsudnsmnudasnisnisrugs videidulss
guasAnIuN1sIUds (Demand Curve) dednfludaszannnislasuulas
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ANNUEBINN TR U S IUD AN ATl gﬂmefmmummﬂuzﬁﬁ
ANMTANAA N Aa F3=(v3,13) $918MNNTAU 13 NINNNTN 10 TegzAL
nnalfRnnsesszun ez ugindnaesssuAuRnan Gudy atnelafinnm
3 fatinandd t2* Teflunaannszuin (TO) LaznAsLlAeuu aesEaL
nanssu D2 vizanieldifulssnuuasluawian (Do Nothing)

t A

<YV

919 1.9 nnsulasunlassruuiangsy
731: AnLasain Manheim, 1979

Source: Transportation System Analysis
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(Short-run Equilibrium) Tagissuunanssungeny
RO LLLNIZLANITATNATUAZIUAS Fuden
AU s Travel-market Equilibration

2. ANUANNUS (2) A ANITANADTTEIZEIND
(Long-run Equilibrium) Tneinnaulaenulassza
NANITUNTENUABIUULLNTTUANITATIATUATUUAY
FvuananuduRLST Activity-system
Equilibration

919 1.9 nnsulasunlassruuiangsy
731: ARLasain Manheim, 1979

Source: Transportation System Analysis
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Source: Transportation System Analysis



» Transportation systems consume resources, such as energy,
labor, materials and supplies, and land.

* Even If no change Is made to a system, resources are consumed
simply to provide service.

* If changes are made, especially involving major acquisitions of
new vehicles or new guideway faclility, then resources consumed
can be quite substantial.

hus, In addition to predicting flows, we should also predict

resources consumed in providing and operating a particular
transportation system

Source: Transportation System Analysis
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FevnunenanIsLaNn SAnuBeennTuLLsIand 5 tszinmanety ﬁ\ummlugﬂﬁ' 1.5:
1. uuuRfaeslssilugeaunis iLisnig (Service Models): esinunesfunnsBnNh
TYAULTNITUNNT RETTULAUAS AN (V) Y4ILULALASRT AN 9LAeN (set of options)
LRSI

2. wuuRfaedlsziiuns ninenng (Resource Models): fetlsziiuBunoumninennafias
gnld memmaﬁvﬁmmﬁ‘mm:maﬂﬂmummimﬂmﬁvumum

3. wuuaaedisziiugilasAn unisrugs (Demand Models): Fevinuneiunniena
FeannensIuds fisziunnsiinssing

4. WUANABNANIIZANAA (Equilibrium Models): ernune B e EILNITLA
N1727197UUTTULUUES (F) mmmzﬁmqmm@ (Short-term equmbrlum)

5. LLumm@\‘mf]ﬁ‘Lﬂ@ﬂuLLﬂmﬁwuumﬂﬁ*ﬁm (Activity-shift Models): L'Wfammﬂmi
Lﬂ@ﬂuuﬂmmmiumummLmzmmgmimzmmq

Source: Transportation System Analysis



1. Service Models: to determine level of service at various flow volume for any
specified set of options

2. Resource Models: to determine resources consumed in providing a particular
level of service with specified options

3. Demand Models: to determine volume of travel demanded at various levels of
service

4. Equilibrium Models: needed to predict volumes that will actually flow in
transportation system for particular set of service and demand functions (Short-
term equilibrium in travel market)

5. Activity-shift Models: needed to predict long-term changes in spatial distribution
and structure of activity system as consequence of short-run equilibrium pattern of

flows, I.e. feedback effect of transportation on land use (activity-system equilibration)
Source: Transportation System Analysis
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Figure ... Basic prediction models and their interrelationships
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FoULIUAY TakdRA9ann aNn13Uszlunsldninans (resource function)

3. nidasnLenaNaalussarduLazIzareng manaa lussazduiansnn i f s uunudly
o - o - . .
RAIANITIRANassLLAAN TN AL ae Talamneann annnsatlasAnisuugs (demand
function) (mﬂmuwuﬁﬂa‘wmwm (1)) mmmvﬂvmqmﬁmﬁmslmo,umumiummmﬂum?ﬁu
(a?”uulmmmmum) mmmmnmamm AUTRIR9TLULNANTIN (activity shifts)

4. m?mmmmammmmLme@zumum

Source: Transportation System Analysis



Q‘Basic prediction models and their

J ~interrelationships (2)

This structuring of transportation systems analysis problem incorporates 3
hypotheses

1. Complete summary of types of options and impacts

2. Modeling transportation technology from two perspectives
« Service perceived by users, reflected in the service functions

« Resource consumed in providing transportation service, reflected in resource
functions

3. Separating short-term and long-term equilibrium:
« Short-term responses of transportation users, in transportation market with fixed
activity system, as represented by demand functions (type 1 relation)
* Long-term responses of users and others in larger market and total economy,
as represented by activity shifts (type 2 relation)

Source: Transportation System Analysis
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l’_ Variety of Applications)
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FTULIUR V LA AT IUNNIAUNIG 198 AIINADUU LA 1A IWNITAUNIY
Aun139UasAnITAUNI demand function gnuana gl N13UsTiNENNNANITHUNI

(Trip Generation) N13N52ANEN1FLAENN (Trip Distribution) kazn1saaNLUssNNNITAUNG
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11995N14
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Source: Transportation System Analysis
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« Service functions represents as volume VS travel time functions, or simply link
capacities and travel times.

« Demand functions represented by Trip Generation Model, Trip Distribution Model
and Modal split Model

« Travel-market equilibrium model is Traffic Assignment

 Resource models represented by a variety of ad hoc calculations involving such
factors as construction and operating costs

« Activity-shift models represented by Land —use models used to predict effects of
differential changes in accessiblilities on location of population and economic activities

* In conclusion, the Urban Transportation Modeling System (UTMS), or the four-step

model and land use model are applied together to determine the equilibrium pattern of
flow for short-term and long-term.

Source: Transportation System Analysis
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91 UANABINTULE LN D (Urban Transportation
~Modeling System)

1. memmmmmmumw (Trip Generation) Af mﬁ‘ﬂﬁwmummummuww (Trip) ‘VlLL[;*l@‘“Tfﬁu
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Source: Urban Transportation Planning



Urban Transportation Modeling System, UTMS ®st g ¥ iHIE

1. Trip Generation is prediction of number of trips produced by and
attracted to each zone, i.e. number of trip ends “generated” within
urban area

2. Trip Distribution is prediction of origin-destination (O-D) flows, I.e.
linking of trip ends predicted by trip generation model together to form
trip interchanges or flows

3. Mode Split is prediction of percentages of travel flow that will use each
of available modes (Auto and transit) between each origin-destination
pair

4. Trip Assignment places the O-D Flows for each mode on specific
routes of travel through respective modal networks

Source: Urban Transportation Planning
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Source: Urban Transportation Planning
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1.1 N3N NURNTANARIEMINEeS 2 1Wes (suburb and city) Haunisnisliiusnng (J,) Ae t =

100 + 0.05V 8 t = 1anaun g (min) waz V = U3u1tuasas (veh/hr) Aanufieanisnig
AUNIIEIINNABNEY 459NN TRANARIN1INNTAUNN (D,) AR V = 7500 — 200t dav=
U3NNUATIATAUNINTZUINNES (veh/hr) Wag t = S28ZaARNAY (Min)
1.1.1 fowmzﬁ'ﬂwmzﬂﬁ‘mmm%ummum%mqmu@@ F, = (V1,11)?
1.1.2 Tuaisaun auugﬂﬂ%‘”uﬂg‘ﬂmLﬁmﬁmquﬁ@wm% yilAannienigliiLTn 9 T
(J,) A2 t = 100 + 0.002V mma"’ﬂwmmfrzLLmafmﬁ‘LL@mudﬁ@mmuQMWJ (F,)?
1.1.3 Hruaufinuuindignansunusasieainedeiinananauiu iliiszuufanssuaseiieg
agaadlasuutladlyl sinliguntsanudasnimisiaunnadaswdhy (D,) V = 9000 —
350t mmﬁnwmmﬁmmm@m@zmumﬁ'mmqmu@@1‘1/134' (Fy)?

Source: Transportation Engineering: An Introduction



1.1 A Road connects 2 cities (suburb and city) has a service function (J,): t =
100 + 0.05V where is t = travel time (min) and V = traffic volume (veh/hr) ,
travel demand between two cities provides a demand function (D,): V = 7500
— 200t where is V = traffic volume (veh/hr) and t = travel time (min)

1.1.1 Determine equilibrium pattern of flow, F; = (V1, t1)?

1.1.2 Next years, a road improved by increasing number of lanes, give a
service function (J,): t = 100 + 0.002V, Determine new equilibrium
pattern of flow (F,)?

1.1.3 If a plan and construction of improving road takes a long time than
usual, causing change in activity system of two cities, demand function
changes to (D,): V = 9000 — 350t, Determine new equilibrium pattern of
flow (F3)?

Source: Transportation Engineering: An Introduction
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1.2. There are many examples of facilities being out dated from
their very first day of service. For example, one expressway was
congested soon after it was opened, In fact, it is observed that
travel times can increase on supposedly new, improved facllities.
Discuss this phenomenon with reference to following figure ?

Source: Transportation Engineering: An Introduction
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Figure ... Effect of Introduction of New Highway
fun: danlasan Manheim, 1979
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* Old equilibrium flow pattern is D (Vp, tp)
when a road improved, new equilibrium flow
pattern is A (V,, t,). Both travel time and
volume are greater than old equilibrium flow
pattern.

* Due to land use changes rapidly along
Improved road, causing Graph D shifting D(3)
to D(4) during a non-long term (Generally,
Shift of Graph D (Activity Shifts) takes a long
time)

* Thus, some travelers notice that an improved
road causes increase of travel time. It is no
benefit from this improved road? Who
benefited and who was hurt by this improved
road? What would have occurred if the road
was not improved?

Source: Transportation Engineering: An Introduction
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