-2

land use., Investigation of the land use constraints can be performed by
using existing land use maps and_topographic maps. Example relations of
transport land use and other types of urban land use may be summarized
in Table 4-5. . S : :

Table 4-5 Urban Land Use and Their Reiatlon to Transpoft Systens

- An'Exémplé of Land Use. Constraints

.

Land Use Reia@ion to'Transport Systens

- Historic Area - Restricfigh in rdéd igprbvémenf and

- Military Reserve construction - ¢ ;

- Residential Area . HEavy_tr%ffic'aﬁdxﬁhtéugh traffic are

- Educational ., .restricted.  Preserve environmental
: © 7 amenity, . o T .

When the grid data on the existing land use and topographic conditiens
as well ‘as socio-econonic indices, are available 'Potential Surface
Analysis (PSA)’ or 'Sieve Analysis* 1 may be applied to the analysis of
land use constraints and road-network location. = Figure 4-11 shows an
example output applied to Tha Rua - Tha Lan general planning area. This
kind of map is very useful in the design stage of transport planning.

4.3 Formulating Planning Strategy

Goals and Objectjﬁes_

The concept of goals and objectives in an essential component 6f publie
planning. They influence almost ali stages of the planning process.
The result of the analysis of existing systems, goals and objectives
have to be¢ formulated to provide the planning strategiles,

Transport goals are the reflection of social values and transport users’
interests. (e.g. Table 4-6, 4-7)°

The major goal of urban transport planning {is to ensure efficient flows
of persons and goods in response to the démand but .also be based on the
strategy for future urban structuré development, - support of various
forms of urban activities and the increase of standards of the urban
environment, ;- I E :

Goals are stated 'ih  geﬂefal térms'.tﬁaé ;éﬁrfespoﬁd‘ to the existing
transport problems. Objectives, on the ‘other hand, are stated with
quantitative targets in'mind. Examples of goal and objective statements

are expressed as follows:

(1] Land-use anaiysis methods that are explalned in VOL. 1V: LAND USE

‘PLAHNINQ MANUAL,. e e
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Tablexq-é An Example List of Soclal Values Concerning
Urban Land Use and Transport Systems

Aspect of

Social Values

Valued Entities

Social

Environmental

Finanecial

Social Opportuﬁity
Stability and security
Equitable income distribution

-. Reduced loss of useful housing

Increased housing opportunities
Increased job opportunities
Public participation :

Clean Alr, less noise, unpolluted water

Pedestrian safety, reduced traffie conflicts

Reduced property value depréciation due to-
highway construction . '

Reduced through-traffic for residential area

Increased amenitlies of natural and historic
sites o :

Fields and parks of easy access

Cost efficlency, effectivéness of public
planufng S

Maintenance of economic stability of -
society : '

Low transportation costs, both capital and
operating : B .

Encouragement of economic growth

Reduced service costs for land developmeqt

Coal Statement (Example):

- Alleviate peak hour traffic concentration at the fringe.of urban

area.

- Improve link connectivity between area A and aresz B,

- Increase the road density to encou
eastwards.

- Minimize environmental impacts and increase restdential amenity,

{1} Kuranami, G.?(1983) Multipié Objéctive-Appﬁoach to The Optimization
of Urban Land Usé/Transport 'Systems, Unpubl

University of New South Wales, P, 25

rage urban development

ishéd Ph.D, Theslis,



Tabie 4-7 Transport Users’ Interests

Interests and Areas of Concern

Transport

User

Motorists Better roads, nore freeways; more parking
‘areas, less congestion, cheaper petrol, less
conflict with pedestiians.

Pedestrians Traffic-free walking, wide,-éomfértaﬁle foot
paths, less change of levels, more pedestrian
priority crossings, undercover watking in
harsh weather.

Cyclists Exclusive cycleways, better seéling, cleaner

Public Transport
Users

shippers of
Freight

air, better ¢ycle parking facilities.

Frequent services, better access to stations,
reliable services, more routes, safe and
comfortable rides, cheaper fare, (for the
disabled and elderly particularly) secured
seats, lower steps, fewer transfers.

Low shipment costs,
reliable transportation services.

(2]

Objective Statement (Example):

- Achieve average traffic speed of 20 km/hr in city center and 40
km/hr in outer area.

- Achieve total length of distributors in the area at 4 km/km2 in
residential area.

(2] ibid, P26
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- PART S

TRANSPORT DEMAND ANALYSIS

5.1 Introduction

Hodelling Approach to Transport Demand Analy31s

This part of the manual descrlbes the transport demand forecasting
techniques, especially the modelling approach known as !four-step
model?, which- provides a comprehensive éstimate of future transport
demand - distributed over transport network. ~This method, hovever,
requires a great deal of skilled manpower and modern technology based on
computer application, but to 1mprove the rationality of planning, it is
recomeended to - apply this method as w1dely as possible especially  to
those c¢citles where the extent of population, study area and tramsport
network 1is sufficiently 1arge and the transport problems becbmlng ‘an
public issue '

This approach 1nv01ves survey techniques called orig1n destinat1on (O—
D) surveys’ (See, Sec. 3.4) ‘and the data are analyzed to - give basic
understanding of travel behaviours so that the future transport demand
can be predicted in relation to future specification of land use and
transport systems

The detailed explanation of the theory and procedure of this modelling
approach can be found later within this Part, but the basic steps in the
modelliﬁg apbrbach can be shown as follows: :

‘1 0-D survey and analysis. -

2. Obtain future land use pattern from land-use planning sector,

3. Estimate wnumber of trips generated and attracted from each
- traffic zone.

4, Estimate the amount of generated and attracted trips for each

origin and destimation pair.

5. Estimate link volume of traffic on transport network.

6. Evaluate the balance between transport demand and the transport
© system, modify the future specification of land: use/transport

“system. If it is not adequate then return to step 3.
7. Repeat until satisfactory plan is made. :

[

Resource Requirements

Application of the proposed method requires a great deal of skilled man-
power and modern technology based on computer applications. The time
required for the experimental application of the modelling methed co
Chiang Mal was worked out in Table 5-1. According to the table, a total
of 350 man-days were required. This is mostly an additional effort
conpared with existing process of planning. For the cities of different
sizes the total time requirement was estimated as showa in Table
5-2. Both of the tables suggest that a substantial additional effort is
required for the full-scale application of the quantitative approach,

Then, the criteria for selecting cities where this endeavour can be
Justified need to be carefully worked cutl.



It 1is noted at this point, that a close examination of the Table
reveals that items 1 to 3 consist of 87% of total man-days, and if this
process is simplified the application becomes more econonical. There is
a possibility in this direction and the assessment of applicability must
be wmade by keeping this point in mind.

Which Cities Require Modelling Apﬁroach

Planning for roads requires specification of the dimension of right of
way. For this reason, it is preferable to apply some form of
quantitative approach on almost all eccasiéns. = It is obvious that,
however, smaller cities with one or two principal roads do not require,
at least, computer based traffic assignment. The origin and destination
pattern of these cities is fairly obvious and it may be possible to
assume that most of the traffic is centered around the main trunk lines
passing through the city. . Manual assigmment can be performed with
reasonable accuracy for cities with two to “three trunk lines.  [n
another extreme case, such as in Bangkok, it is impossible to work out
0-D pattern and to. estimate traffic volume ‘on "voad network without
applying a sophisticated method such as the one introduced here. From
this 'technical’ point of view, a computer based approach secems to be
required for medium to large cities with sufficiently complicated road
network., Examination of road network patterns reveals that many of the
regional cities are in this category. This could serve as a technical
criterion for the judgment.

Another important view-point can be introduced from the evaluation of
the extent of transport problems both at present and in the future. One
of the most dominant urban transport problems is traffic congestion,
Smaller cities could face temporary traffic jam due to stoppage
resulting from voad repair works traffic accidents, but the need for
better network planning may noL become public concern; it puts no
pressing demand to local administraters to take action to solve the
problem. From this ‘'administrative’ point of view, the cities where
traffic congestion is, or is becoming, a public issue deserve the
detailed guantitative approach. '

Alternative Approaches

Due to the resource availability, all of the cities may not be planned
by the methéd applied in Chiang HMai Case Study, but a variety of
simplifications has been proposed, such as trend analysis and the 0-D
matrix estimation technique from traffic counts. Details of these e¢an
be found in Part 6 : Alternative Appreoach to Demand Analysis. :



Table 5-1 Man-Povwer Requirement of Quantitative Transport
Demand Analysis - Case of Chiang Mai

Type of Manpower {man-day)

Type of Work = et tei e
Planner_ Analyst  Key Puncher Field Staff

1. Person Teip Survey 10 - - 250

2. bata Coding - 4 25 -

3. Yalidation . - s . :

4. Network Data Preparation 3 S 12 -

5., 0-0 Matrix Construction 5 14 - -

6. Assignment 1 2 . .

7. Evatuation 1 3 . )

8. Presen;ation 20 33 37 260

N.B. (3}) The application did not include medal split process.

(2) Besides the above listed data, the approach requires road side traffi
it is not listed here since this data is also required by the non-qua
approach.

Table 5-2 Manpower Requirement of Quantitative Approach
by City Size - An Estimation

Total (X)

270 (7
29 (8)
5  (2)
20 (6)
19 (5
3
4 (1)
350 (100)

¢ counts, but
ntitative

Approximate Model $ize Kanpower

fopulation Example City R R R Requirement
Size Assumed #links[)) {man-day)

#of Zones

Over Bangkok 100 1500~2000 1,000-1%,500

3 million

300,000 Chiang Mai 50 500- 900 300- 400

100,000 Ban Pong 20 100~ 150 150- 200

50,000 Mab-ta-put 10 50- 60 100- 120

11 # of links include dusmy links



5.2 Prelimivary Analyses . . r‘-f B T S I C L S E R

PR IO E T ST

Modelling approach requires preparatory analyses on’ collected data,
There are three major areas where these preliminary analyses are
required as listed below: ST e .

1. Conscruction of present O0-D matrix;
2, Network representation; and
3. Sccio-economié¢ framework.

Each of the above ftems are elaborated in the following sections. -

5.2.1  GConstruction of Present 0-D Matrix
Types of Traffzc MHovements

From the diagram shown below (Fig. 5-1), it can be seen that types of
traffic movements in reference to the boundary of the study area can be
classified into four categories as follows'

- Internal trip represented by movements a, b, ¢, h;

< ‘Internal-External trlp as represented by movements d, f,
g, 1; -

- External trip as represented by movement e; and

- Through traffic as represented by j.

|H0Me} :
e - GOUNDARY OF

STUDY AREA

HOME

SCREEM.LIE SURVEY

[TRAFFICYVOLUME ) -
CORDON LINE SURVEY . v
(RNTEANAL-EXTERNAL

TRIP)

(NTERKAL TRIP)

]

{THROUGH TRIP)

Figure 5-1 Types of Trafflc Movements in Relation to Study Area



From the characteristics of traffic movenent depicted above, the traffic
survey has to be conducted in three separated categories to enable the
coverage of traffic movement of different natures.

The principal objective of the traffic survey is to find out the 6tigin
and destination of the trips. Therefore, in the course of'surveyé;‘the
data to be collected should preferably be on the trips occurring on the
same day throughout. the study area; such surveys must also be conducted
iﬂwthEEWOrking,days of  the week, for.the volume of traffic. is
comparatively higher than that of the holidays. - : :
pefinition of 0-D Matrix N
0-D Matrix is the matrix representing trip distribution from zone i ( =
"1, 2, 3,...,n) to zone j (=1, 2, 3,..., n), The general diagram of
0-D Matrix is shown in Table 5-3. .

Table 5-3 . ° 0-D Matrix Représentation

o Destination Zones . T R
Origin femmemameaeiaao R e R ~=--=- .. Total

Zones 1 2 e, SPI P n
i ['.11 Cyg vevenen PR tj bae i aas cave e t].'l‘l G].
2 t12 t22 dae s e A t2j ........... . Con 02
i. tiz ti? - L I I N A tij ------------- . tin Gi
n tnl t“2 et b e t‘ﬂj ......... Ve tnn Gn
Total Ay Ay eeeniiiieii Ay e A, T

From the table. shown above we can see that t;q is the trip with the
origin and destination in zone 1; ty, is the trip with the origin in
zone 1 and destination in zone 2; and in the same manner, tij is the
trip with the origin in zone { and the destination in zone j. .~ -

Gy 1s.the trip generation of zone'i, in this cése, it is the summation
0%-’t{1.a..t1n=(i-“l, 2, 3,...,n). ‘ k

A 1éftﬁe“trip attraction of zoné j, in this case, it is the summation
o ‘ti_j""bnj {J =1,2, 3,..., n}). : . 5 .



T is:thg total trip'or the product of and can be shown mathematically as

n n

LG; or DA
i* 3.

il jer 3

0-D Matrix and Types of Traffic Movements

Traffic movements ‘defined as elements of O-D_matrifoOSSess-originiénds
and destination:ends; these wmovements are . often “called  'trip
Intexchanges’, which can be classified into four categories in relation
to the study area boundary. : : R P

1. lntétnai trip or Internal-Intexnal trip.. the origin is inslde
the study -area and the destination is also inside the study
area. - ‘ : . ‘

2. Internal-External trigt the origin {s outside the study area but
the destination is inside the study area.

3. Exterpnal-Internal trip. the origin is outside the study area but
the destination is inside the study area. : AR

4. Exterpal-External trip_of:OQt-out trip. fhd origin is outside
the study area and the destination is also outside the study
area. . - S . g . ;

The traffic movements in these four categories can bé\.intégrated into
an  0-b Matrix in the manner shown in Table 5-4,

TABLE 5-4 Source of Survey Data fn the Integration
OF 0-D Hatrices

Destination Zones
Origin Zones ... iia.....

Enternal External
Internal 11 ' IE
' : (Home Interview) (Home Interview)
External EI EE
S : - {Cordon Survey) - (Cordon Survey)

O0-D Matrix and the Summation of Data Collected ‘Through

Interview Survey and Cordon Line Survey

As was mentioned earlier, the objective of ‘conducting "the' interview
survey is to find out the internal trips; and the cordon 0-D survey, Lo
find out the’ External-Internal and through trips. A complete 0D matrix
must be constructed by taking the survey results of both categories -inte
consideration. In many cases during the course of the Interview survey,
Informatfons or data on Internal-External and External-Internal trips



may be also recélved, for example, when asked, the Interviewees 6f home
fntexview survey may pgive their answers. that their first trip -was &
Journgy to work from his heme (in the study area) to office (outside the
area) and ‘in the evening hé returned home from his office: this latter
trip- may aléc be counted at Cordon 0-D Survey. In c¢ompilation of the
data collected from these two sets of survey, External-Internal trips
taken from the interview survey have to be deleted to prevent double
counting of the ‘same trip within O-D matrix. :

In summary :;:
- to find out the number of Internal-Internal and Internal-
External trips Home Intexrview (Person Trip) survey is applied;
while, : -

- to find out the number of Qut-in and Qut-out trips .he Cordon
0 D Survey is applied (Table 5-5)

Table 5- 5 Types of 0-D Surveys and Their Relation to
the Construction of 0-D Matrix

Type of Survey -~ Survey Method Purposée of Surxvey
Person Trip Survey Interview at vehicle To o¢btain moveménts
{or Gar Owneér O- D owner's/tripmaker's of internal trips
Survey) : home : S
Cordon.0-D Survey - Interview drivers To obtain movements
{(Additional). " by road sides ' - of Internal:

External trips and
through trips

“Traffie volume - To ebtain total
counting traffic volume
: -+ passing on cordon’
‘1lines and-to
calculate expan51on

i factors

L U b mam M Mdsaeaaman L, e iieaoal
Screen line Traffic volume ' Ta verifylreéults

survey counting : of traffic¢ assign-

ments on present
road network

Occupancy Rates

One of the preblems encountered in the compilation of the data taken
from the person trip survey and cordon 0-D surveéy, is that, if the Home
Interview Survey intends to obtain traffic movements -in person trip
unit, the ¢ollected data cannot be combined with the nuimber of vehicular
trips taken from the Cordon O-D Survey as the dimensions of the trips
are not in the same unit. Conversion of ‘the unit from person trips to



vehicular trips ~must. first be made through the appiicatlon of: the
occupanéy rates' T e . o SRR I
An occupancy rate is the average i number of passengers each mode of
transport accommodates in an ordinary situation. The table  S- sthOws
the average occupancy rates used in the Chiang Mai case study.<

Table 5-6 Average Occupancy Rate

(Passengers/Vehicle) :
'Mode of Transport S . ' Occupancy Rate
Passenger Car 2.25
- Taxi - : : S 2.7
Mini Bus : - - 9.0
Bus - - 20,0
Light Truck (Pick Up) ' - : : - -
Medium (6-wheel) T m
Heavy Truck (Ten- wheel) -
Motoreycle - 1.37
Bicycle - - . | co : -

{Note : The figures are tabulated based on the observation ¢onducted in
Chiang Mai, 1985) -

Expansion Factbrs

In the construction. of O-D Matrix, .there are two sets of expansion
factors to be employed for Home Interview Survey and Cordon Line Survey

respectively:

Expansion factors for Intefview gurvey. Assuming that the sampling rate
is 10X, in the most simple c¢ase, the expansion factor will be

100% oL leox o

=

Sampling Rate . - 16%

In many cases, collection of data may falls short of the specified
sampling rate. For example, the collection of data in traffic zone 1
may be 9%;- while fun. traffic zone 2, 12% :

In case of each zZone having different sampling rate, expansion factor of
1j element (Fij) is caleulated as:

s . [T T
SRV

Ry =" sampling.rate of zone i
Rj = sampling rate:of zone j

- T} = total sample of zone i

':Tj'-* total sample of zone - §



Expansion factors for. cordon 0-B survey.: To. find out expansion factor
of cordon Q-D survey, is a 51mp1er procedure than that of the interview

survey,

Expansion Faptbf- =

i.e.

(Total No. of VehiclespPassing)
(The Gordon Line Check-Point)

(Total No. of Ihterviewed)
(Vehicles)

Construction of O-D Hatrxces-

In many cases, 0-D matrices are constructed in the vehicular trip unit.
The process of constructing daily vehicular trip 0-D matrix from Home.
Intérview Survey and Cordon O-D survey can be shown below:

1.

Construct person-trip O-D matrices. ‘for different types of

transport mode. Each of the matrices is expanded by applying
appropriate expansion factor. .

In mathematical notatlon, nunber of observed person .trips-
between origin. i .and zone j using traunsport mode m can -be
expressed as t'{m)ij' The process of expansion can. be
described as: - . -

-t(m)ij = Y@ - iy

where, t(m)ij = expanded trip between i and j
for mode m; and \
fij = e¥pansion factor for ij element of
: the 0-D matrix.

Occupancy rate of each mode -is applied to the respective O;b -

-matrix  to obtain daily vehicular-trip O-D matrices for .all -

modes. These matrices represent Internal-Internal movements.
By denoting rm for the occupancy rate of made m, wumber of
vehicular trips between zone i and j for mode m (T' (m)ij) can
be obtained by:

T [OIVR (m)ij’r

.,Cordon 0 B Survey can be used to construct daily vehicular trip

0-D matrices by applying appropriate expansion factors. The-
matrices constructed here represent Internal-Extermal, External-

- Internal and Extermal-External movements.

The matrices in 2 and 3 ‘are combined for the same. transport:

itodes.

Apply passenger car unit (PCU) rates to combine different modes
af wvehicular 0-D matvices into single PCYU -: O-D matrix.
Mathematically this process can be shown as follows;

n

3



-where - Tij o = -Tumber of trips between { and § - - . .
: : : IPCU, e T
.T‘(m)ij = number of vehic¢ular trips between i
o and § by mode m, - . '
Uy ' = passenger ¢at unit for-mode m. (See
~Table '5-7 - for ' example PCU rates
applied for a transport study in -
. Chiaig: Mal). ' o g

TABLE 5-7 Coefficient of Passenger Car Units (PCU)

: : PCU Conversion Factor
'Type of Vehictle - : : . -.-....i.'.' ...... '-.—--.‘..’.-..‘---..--.-.--....¢.;....'x'...¢.'..-'.---_a..-

Urban Rurat: Roundabout © Signalized
Intersection

Passenger Car - _ B . -
Taxi 1.00 t.00 1.00 1.00

Hotor-eycle s _ '
Hotorcycle and 0.75 1.00 0.75 ©Tr0.33
any movable object
Mediua Truck 2.00 3.00 2.80 1,75
{6 wheels) ' ‘ ' S ) '
Heavy Truck : )
Bus/Céach 3.00 ‘3.00 2.80 2.25
Trainer

Bicycle B T 0.3 09.50 - 0,50 - - 0.20

(Source : Feasibility Study for Regional Cities Developient, Aprii 1983; Volume 2 - Chiang Mai)
Hatrix Adjustment by Screen Line Survey

The 0-D matrix coﬁstructed by psiug.intervieﬁlsurVey-doesrnot
necessarily’ reproduce the traffic movement of the whole population due
to varfous factors such as sampling and expansion errérs.

The result of a screen-line survey -is 6ften used "to 'adjust’ the 0-D
matrix to ensure that the observed traffic volume of glven cross-section
of ' the road network is consistent with the total amount ‘of 0:D desire
lines crossing that s¢reen-line. The following procedure may beé adopted
to perform this adjustment.

1;'Detérmine”the.O§D?pairsrthat'afe'likely to- cross each- of the
traffic count studies along the screen-line. ' '

2. Factor all the relevant 0-D traffié.-volumes so as to equal the
observed counts of respective stations,
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3. Repeat the above process until all 0-D volume are adjusted

Alternative to the adjustment by a screen-line survey is the use of the
matrlx esti.atién theory explained in Section 6.3.

The process eXplained so far, 1s summarized in a flow diégram shown in
Figure 5-2, ' :

The existing 1evels of trip generation and trip attraction can be
obtained by Summalizing columns and rows of the 0-D matrix i.e.

S ?tu |
whére, .J‘Gi‘ -iq the total of anumber of trips (PCU) génerated

from zone i

AJ is the COtal of number of trips (PCU) attracted
' to zone. j

5.2, 2 Network Representaclon

Trafflc Zones and Zone Centroids

Traffic zones are the aggregated unit of urban activities. The modeled
traffic is consldered to be .generated from, and attracted to, the zone
centroids. A zone centroid is a point ulthin each traffic zone, and is
chosen s0 as to represent the center of land use activities. The exact
location of the centroid is not very important, but its relation to the
transport network gives significant influence to the result of
succeeding network simulation. :

Link and Node Data

In the network simulation method, highway network is represented by

'l1inks’ and ’'nodes’. In general, a link is a representation of a road
segment delineated by intersectlons, and the intersections are depicted
as  'nodes’ There are also ‘centroid nodes’ which represent the

concéntration of population and various land wuse activities where
traffic is generated and attracted. These centroid nodes are connected
to the network, often, by using a - '‘dummy link' which has . ne
corresponding physical dimension in actual road network.. An ordinary
link has a set of attributes such as link length, zero flow travel
speed and travel time, and link capacity. An example of prepared link
data is shown in Table 5-8.
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.LINK NODE - LINK LINK LINK LINK  CAP*

NO. FROM TO - TIME LGTH SPEED CA? CLS
100" 61 130 1.7 1.1 3. 7199, - 3
1010 - 61 196 .6 .6 51. ¢ 1200, 6
102 61 200 .3 23 60. 1200. 6
103 61 201 .5 4 48. 1200 3
‘106 62 iz - 1.0 1 6. B R |
105 . 62 196 4 .3 45, 1200. 6
~106 62 198 . 2 .2 60. 1200, 6
107 63 13 1.0 1 6. P PEPRE |
108 63 172 .2 .2 60. 1599, - &
‘109 63 173 1.1 .6 38. o 799, 3
‘110 . 64 14 1.0 .1 6. 0. 1
*fSee TabIe - fdr'capécity class coding

Link Iengths are measured on thp rcap along actual road alignments Link
speed capacity and travel time, together with capacity class determine
‘the Q/V relation which is used teo account for the congéstion effect in
'capacity restralned assignment' . Zero flow. travel time is used for
*all-or nothing’ assignment in which all the traffic between two zones
are assigned on. the shortest paths (often in terms of travel time).

humbering of nodes should be systematic to ‘distinguish centr01d nodes
ifrom the rest of the nodes. 'Centroid nodes  are numbered according to
the zone number; e, g centroid node 1 for traffic zone 1, centroid node
2 for traffid zone 2 éte. Interseection node should be started from, say
100 (for the network whose tfaffic zones are less than 100), or 1000,
:Sample network and numbéring system is shown in Fig. 5-3. taklng Chiang
Mai as an eXample : .

.Q/V Curves

:AI Q/V curve shows the reiét{onship‘-between the number of vehicles
/(Quantity) and speeds (Velocity) maintained on each road.

Speed (V)
V max. — _

V min, —

e »- Traffic . volume
{0}
Figure 5-4 Q/V Curve Iin Network Analysis
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The determination of the Q/V relation is an important faetor ‘in the
process of. ‘traffic assignment analysis. - They are categorized . into’
different orders depending on road widths and frontage land use:
conditions‘f.=Lu : : o C

For Chiang Hai Gase Study, the Q/V relations are categorized as follows

Existing Roads:

Category #l: for roads having surface wldth under 6 meters;
Category #2: same dimension as #1 but better frontage condition;

Category #3: for road having surface width from 6-11 meters, with
: : relatively extensive frontage development'

Category #4: for road hav1ng surface width from 1- 12 meters, with
relatively low frontage development Theyare mainly
intercity highways or urban roads with relatively wide
road surface and few traffic problems; and

Category #5: for roads having surface width over 12 meters. .

In the case of the existing link specificatioﬁ in" Chiang Mai, the
maximum ¢ategory Is set at 3. : '

Futuge’Read :

Road categories prescribed in the future transport plan of Chiang Mai
(classified into type "A"™ to type "E" in the General Plan) corresponded
to category #3 to category #5 as follows:

,,GATEGQRY #3, 1.e. Types "A" & "B".
CATECORY 14, i.e. Types "C" & "D".
CATEGORY #5, i.e. Type "E"

Table 5-9 summarizes the’ Q/V classification used in the Chiang Ma1
Study. : - :

TabiefSHQ , ';Example Qv Glassification used in the Traffic .
c .Assignment in Chiang Mai

Gategory #f . - Qmax . Vmax ‘Voin |
S (PCU/directlon/hr) ~ (Xph) (Xph)
1 800 40 " 4-8
2 1200 - 50 “
3 1600 ' 60 o
4 3600 - 80 "
5 5400 80 "

(*Ymin are changed randomly between 4-8 km/hr. by the computer program
used In the case study) ‘



In a more. general case, Vmax can be: set.by reéferring to: official speed

limits; and Qmax can be set by “various - traffic c¢apacity. -studies::
Altexrnatively, Qmax may be ‘established by direét ebservation of volume:.
speed relation as shown in Fig. 5-5. This type of obsexvation:ecan be..
done by using an automatic class1f1cation recorder introduced in Sec.

4.1.2, oo - :

Average .60
"Speed
(Rm/h)

Traffic Volume (Veh/h)

Figure 5-5 Volume-Speed Relation
(on Tokyo Metropelitan Expressway - JITE (1984) Traffic Englneering
Handbook, Japan Institute of Traffic Engineers, P.143.)

5.2.3 Socio-Economic Framework

Socio-economic indices necessary for transport demand analysis are
prepared based on the information obtained from Sccioe-Economic Research
Sector and Land Use Planning Sector.' Some other sources such as census
and various registration records may be uecessary for certain occasions.

The required items of data vary according to the modelling strategies of
teip generation and trip distribution analysis, but the most fundamental:
data that can be collected and forecasted for transport planning in the
preparation of General Plan, may be listed below. The uniqueness of
this stage is that each of the listed item should be tabulated for every
traffic zone separately. The relevant sectors mentioned above may not
be conceined about the traffic zones. 1In the consideration of socio-
economic framework the transport planner should deal with the following
three aspects:
(1) Data source;

(2) Projection of'frameWOrk, and
(3) Spatial distribqtion over traffic zones,
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Data Source TR TRV I S C e

Populatjon.  Socio-Economic Research Sector c¢onducts primavy, field
survey i.e. houschold interview survey. Data on population are also

available from other sources such as registration statistics or ‘census,
therefore, when primary survey has not been conducted or- incomplete the
latter sources are also considered. Between the registration statistics
and census data- the :latter are more reliable than thé former because
births are usually registered at the place of birth rather than the
place of residence. : The bréakdown of population is sometimes important
especially the number of workers. and students who constitute the major
part of peak hour traffic

Employment. =~ Socle-Economic Research Sector conducts commercial and

industrial eéstablishment survey. Department of Labour produced

employment statistics fn Industrial Labour Survey (19?8) that can be
used as reference data if necessary. This Information becomes inportant
in travel demand analysis, particularly in trip- attraction modelling
process. Classification by types of industry. - i.e. primary, secondary
and tertiary is recommended.

Car-Qwnership. Hunicipal based car. ownership is available from Vehicle
Registration Record, but distribution T¥er traffic zones is not
inmediately known to the transport planner This can be estimated by
using the result of household interview survey along with the average
income levels of cach zone. The obtained information can be used to
increase the aceuracy of trip generation modelling

Projection of Future Level of Socio-Economic Indices

The detailed proJection nethods of demographie ‘data’ (ile. population
related data) are explained in VOLUME 111: S0CI0- ECONOWIC ANALYSIS
MANUAL. Various analytical techniques are available but the process of
the forecast should also change according to the  degree of goveérnment
intervention 0n urban deVelopFePt SSTR Study, for example, dentifies
the following three scenatrios

1) Maximum government influence;
2) Minimum government influence; and
'3) Managed growth

The first scenario assumes that the Government’s development targets are
all achieved, The second scenario puts emphasis on the city growth
driver by market forces, and third scenario takes‘the middle of the
first and the secOnd scenarios.

Depending on ench scenario the Forecasting method of population and
employment is changed The main differencé is in the assunptions made
to the growth rates. Fig. 5-6 summarizes the population estimation
forecasts of this study under the different growth scenarios

[1] But "zonal distribution can be tabulated from the original
' registration récords 1f sufficient time is available. ' '
(2] HFA (1985), Popuiation and Empléyment Forecasts, Internal Working
" Paper No. 5. Metropolitan Bangkok Short Term Urban Transport
Review.
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Flgure 5-6 Population Growth Under Different Scenario -
(Source: STTR Worklng Paper)
Projection of car ownership. ‘The projection of car ownership often

utilizes the income level of households as a dominant factor. Fig. 5-7
was éstablished by thé STTR Study and this relation was used to project
the vehicle ownership of traffic zones by substitutlng the future level
of income to the income scale of the above Figure. Future income, in
turn, is estimated by using existing income level and the grouth rates
established by referring to various published statistics of national GDP
per capita.

In many cities of industrialized countries, however car ownership is
dependent not only on income levels but also other fhctors such as
public transport availability and parking space availability For those
cities the number of cars per capita is higher in rural areas than in
urbanized areas 1egard1ess of the fact that the income level might be
higher in the latter area. Thus, more detailed analysis of car
ownershlp should take those¢ factors into consideration.

Spatial Distribution over Traffic Zones

Traffic zone boundaries are usually not the same as administrative
boundaries; but the transport planmier has to estimate most of the
socic-economic 1nd1ces over traffic zones rather than the study area as
a whole.. As it hag. been mentioned. in the previous sections, the
tabulation of existing indices and the projected figures should take
place . zorne by -zone, but,: Lf this is not the case the area-wide
population L OF. employment level have to be ’allocated’ over traffic
zones.
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Land use plan in a General Plan is an example from which the spatial
distribution of population and employment have to be estimated prior to
the transport demand forecasting.

Simple Hethbd of P0pulation and . Employment Allocation

i i
A simple uethod for this purpose may be introduced by assﬁming that
future total population and employment levels of the study area are
available, the allocation into traffic zones can be made as’follows:

1. Tabulate the area of different land uses (¢:f. Fig. 5-8 for an

' exanpleé as land use plan) for each traffic zone. Denote by

ai(h) for the area of land use type n in traffic zone i. (c.f.
Fig. 5-9 for traffic zone boundary) L

2. Establish weighting system in terms of the degree (weighting) of
contribution to residential pepulation and number of
enployments. The weighting system may be established by
analyzing existing density and land use pattern. Denote these
weighting p, and e, for residential population and employment by
1and use type n respectively

3..Ga1culate the proport1onal factors for residential pcpulation
and employment for each traffic zone. Denote these by PF; and
EFi which are defined by

PFi = E ai(n) . pn
EEi = 8 ai(n) . ey

4, Allbcate the total population and employment by using the
following formula:

PF;
Py = P - PFi
ZPF;
g - g P
LPEj
where, Pi = Population in zone i
E; = Enployment in zone i
p = Future total population
E = Future tetal employment

Adjustment may have to be made to reflect existing population and
employment levels.

5.3 Irip Generation '

The purpose of the trip generatlon process is to estimate the number of
trips produced and attracted to each traffic =zone, - The unit’ ‘of the
analysis {s either: in person trips or vehicular- trips though, the
latter is more frequently used in highway network ‘planning. A trip has
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two ‘trip ends’: eone is the ‘production’ end (erigin), and the other,
‘attraction’ end (destination). Eighty to ninety percent of production
ends terminate usually in residential area (i.e. Home-and the other ends
are connected to other various types of land use such as offices and
schools,

Factors Influencing Trip Generation!l]

Land use type is a convenient way of classifying trip generating

activities. Different uses of land produce different degrees of trip
generation, e.g. land used for shops and offices could generate morve
trips than land use for open space. Similarly, different intensities

give different traffic gencration characteristics: for example, one acre
of residential land developed at a high density would produce more
total person movements than one acre of land developed for residential
purposes abt a low density. On the other hand, the low-deunsity
residential area occupied by fewer and probably more expensive dwellings
could well preduce more private motor vehicle trips than the high-
density residential area, where car-ownership is vevy low.

Hotor vehicle ownership. The ability to satisfy travel demand is
affected by the availability of alternative means of transport and the
adequacy of the highway system. Motor vehicle ownership, or the number
of vehicles available for use by each household, has been found to have
a significant influence on trip gencration.

Family size. A relationship exists between the frequency of trips and
family size.

Family iuccome. The ability to pay for a journey affects the number of
trips generated by a houschold. Families with a high income can
generally afford to satisfy more of their travel demands than low-income
families.

Age structure. This factor is often taken intoe consideration in trip
peneration analysis on the basis that different age groups produce
different moverent demand and characteristics.

Occupational composition. Different types of occupation could lead to
different travel demand, e.g. blue-collar workers, may produce different
travel characteristics from white-collar workers.

There are two basic methods in trip generation forecasts: Lrip rate
method and regression analysis method, both of which are explained below.

5.3.1 Trip Rate Method

This method is the simplest method in the estimation eof future trip
generation, but a considerable amount of data is needed to tabulate
veliable tvip rates.

(1] This par;ﬂviﬁ based on JICA (1984) 'Comprehensive Urban
Transportation Planning, PP 1V-4 - -5
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Different types of trip rates can be establlshed for example'

. # of trips/land use (or floor area), and ceo T ..
2. # of trips/person (or houschold). s : S S P T

The first method is called land-use ratio method and the second method
is called person trip ratio method. P

Land Use Ratlo Hethod

This method applies the number of . trlps generated from different 1and
use categories, These rates are multiplied by the future amount of
respective land use to estimate trip production and attraction. -

Cordon Survey method may be applied to a specifie (and uniform) portron
of land wuse and all the traffic leaving and arriving the area  are
recorded; ‘mode of transport is surveyed at the same time.  Morning peak
hours, for example from 7:00 am to 9:00 -am, -may be surveyed ‘to obtain
peak- hour trip generation and attraction rates.  Measurement of the area
is performed either on actual site or oén the map, and the trip
generation rates per unit area are tabulated for estlmation purposes‘

Alternatively, ‘an interview .survey mqy be conducted in which people
within particular Zone or establishment are sampled and . asked about
their travel behaviours. This method is useful for residential areas
and offices where statistical treatment to the sampled data is
tractable, . For other  types of land use such. as market places and
commercial establishments, the Cordon Survey is more useful. Example of
trip rates by land use activity categories are shown in Table 5-10,

Table S-Klﬂxample of Trip Generation and Attraction Rates
by Land Use Activities (Japanese Example) . .
(trips per ioﬂmz - floor area)

. ‘ Trip Purposes-
Type of Land Use ---eee--oronaiai.., A TR PP

Icip Generation:

office 0,12 0.07 14.30 Z2.43 2.61 - 9.57

Education 0.07 6.05 20.09 0.86 1.19 0.64
Retail 0.29 0.19 65.68 10.46 5.52 12.02
Resident 2.49 1.54 0.61 1.96 2.%% 0.77
Medic¢ine © .35 ©0.10 15.24 3.33 2.64 2.15

Factory* 0,01 - 0.0% 0.92 0.%0 0.06 0.35

Irip Attraction:

office ' 14.24 0.06 0.18 0.09 3.49 11.88
Education - S DT S ¥ 3% & B 0.07 0.02 . 2.73 - 1.52
Retait 4.92 0.03 1.84 71,77 3.95 . 11.54



Resident - . 0.02  0.0%. _ 8.20 0.15 0.68 0.49 .
Medicine 239 . 0.63 0.26 . 0.10 19.21. 1.86
factory®* 0.95 0.01 " 0.02 0.01 0.05 . | 0.45.

* Trip rates for factory is measured in land area (100 m2 t'l

Another possible method for establishlng 1and _use-related trip rates, is
to use the results. from the area-wide person trip survey and relate
them to the. land use statistics established by the socio- economic

surveys, Number of trips that originates from or is destined for
specific land use types is correlated to the amount of that land use
within the study avea. The land use can be measured either by floor

area or land area.
Person Trip Rate Method

This is vased on a similar principle as the land use ratio method The
number of trips generated from each household are tabulated by using
Person-Trip Survey results. This method is best sufited for the
estimation of trip generation rather than trip attraction because the
future level of population by traffic zone is usually available.

The assumption underlying this method is that the average number of
trips per person per day remains the same from person to person, and
does not change over time. Therefore, . refinement can be made by
including age structure, motor vehicle ownership and income levels in
the trip rate tabulation and the population forecasted.

5.3.2 Regression Analysis Methed

Linear multiple-regression analysis is based on the most widely used
technique in trip generation modelling. Using the person-trip survey
results and separately collected socio-economic indices, the regression
equation is calibrated by the formulaée shown below.

Ti. = bO + bl)(]_i +, ...., + bnxni
where, Ty = number of trips produced from (attracted to)
zone i
xni = n-th socio-economic characteristics

of zone 1

b, . = regression co-efficient

Example of Regression Models

A JICA Study in Bangkokiz] employed the regression analysis approach to
trip generation and attraction by seven different vehicle types. The

[1) ibig, PP IV-6, 7

[2) JICA (1986) Feasib111tv Study on New Krungthep Bridge Construction
and Thonburi Road Extension: Progress Report 1II Japan
International Cooperation Agency and PUD, MOI. '
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explanatory variables included weret  population Xy, employament Xy, ear
ownership X, and’ number of students XA The regresslbn formula adopted
are shown below, = P

ﬁ;) E (n)*_é )xli+ &n}xaii_én)x P (n) 41
‘;‘) B in)_'_ d‘"’x i+ c‘(n)),( 2 ¥ d(n) X + d(n) ):41
where, ~ P ?ﬂ = Number of trlps produced in zone i
' for vehicle type n.ﬁ :
{0}

Ay’ = Number of trips attracted to zone j
o for vehiclé type n.

alm cn) - Regression constants
pin) glnd o RegreSSLOn co- eff101ents

Ky = w-th socio economic factor in
: 'production zone i

X"d-'ﬂ m-th socio- economic factor in
- attraction zone j
vhere, = m = * population .
' B employment -

number of reglstered vehidlés
number of students

b@m-)—t

fable 5-11 shows the calibration results for morning peak-hour trip
generation and attraction.

Table 5-11 Example Trip Generation Hodel

Vehicle Fype PIA. Population Employment Car Ownership No. of student <Constant <Corretation
by b, - by b, B, Céeffigient
' R
Passenger Car P - - 149.4 . - 223.3 82.3
_ A - 237 - - 219.4 69.4
Fani P z.i12 - 17.4 - - 70.1 70.9
A - &6.794 - 71.798 , - 69.4 £8.3
Light Bus p 0.057 - I 2.052. 10.2 45.8
A 0.145 to. - C1.686 8.7 1.8
Heavy Bus p . 0.3914 - T 79 3.1 58.3
o A - C 0.064 - 2,757 | 18.5 419
Light Truck = P 0.782 " - 5,437 78.5 4.5
T A R M 11 . 4,093 84,7 37.3
Heavy Truck P . 0.085 - T 0.573 0.6 33.2
- A 0,143 - 0.268 . 3.8 22
Hotorcycle P 2o SRS 2% AN 3 § I SN+ X

T waer e e s

(*P: Production, Af Attraction)

526



- The estimatfon result for bus and truck trips- ocs not seem to be
satisfactory. The reason for the relatively low R 's may be- attributed
to various factors such as: k

- lack of sufficient soeio4economie féctors'infthe modelj and

- wodel was stratified by mode of transport but no variable
indicating their ownership levéel was incorporated

The calibrated models are used to predict future levels of trip
generation. The use of estimated equations, however results in future
trip préduction/attraction levels being estimated as lower than present
levels. . To avold this unfaverable situation, the following method can
be applied

1. Substitute present levels of explanatory variables into the
calibrated equation;  and obtain present level of trip
‘production/attraction : :

2.fSubstitute future levels of explanatory varlables ‘inte the
‘equation and obtain future level of tr1p production/attraction

3.[Take the increment of  the production/attractlon 1evels which
:were calculated by using the results in steps 1 and 2, and add
jthis value to the ex1sting trip ptoduction/attraction level.

The above process is shown in Flgure 5-10.

ia

5.4 Tri}. Distribution

Trip distribution is the process of estimating inter zonal trlps from
given generation and attractien levels as control totals, i.e. it is a
process:of estimating G-D matrix element Xy 's from Py's and A:ls in
Table .-5-12. During the past two decades arious - methods ‘havé been
developed but they tend to fall inte two maln grcups :

1._Growth Factor Method; and
2, Gravity Model.

Table 5-12 Concept of Trip Distribution

: Destination Zone

Origin ione R R E R EE T F---_ -------- f Tota}l
1 A J o L
wou S
: j v
% W
“';*;;;i """""" AL A;"'fﬁﬁ""ﬁ"'Aj':fﬁ:f?f:"f'i: """"""




s 35899304 uojavIRULn dTIL UF WOTQOIL TEOFIVEAL BuFWODIVAG 3O 559903 OT-§ 334
y | uoy3owa3qV PU woTIomPold  133V/3d :
< : A o T : T - auoz AQ-
. ) o . %38J STEONCOY
R . o . . ‘ : .. =OTI08 . SINIng
’ o _ P07 £q IFV/AL | - U0z dq w3sq »
) ‘ " d1a] TeIULmSIOUT Fy DTWOUOIT-0TD0F - [¥IUIWIIOT] .
‘ STSATSUY
. : UOTEEIIRSY JeIVT] - euez Aq
{| uoe3 a0z suwoz 4Aq | 5G4y BTOTYS =0190g SurysIXy
. : ' YA -
L 33V/3@ AT 2Ny qoeg 205 ©3Rq
_ 2THOUODFT-OTOOF pPUR |et——o
Y/ drar weemzeq i o - . .
; .ﬂ...nnm.mﬂo..nu..ﬂ._.dﬂ T ‘ ) Og.ﬂ 0H0Anﬂ&> .
: o " Hyougd J03 SU07 Aq
TOTIVBIIIY,/ WOTIONPOLY
AT BUTISTXY

5-28



5.4.1 .Growth Factor Method
A future trip distribution patterin can be dérived by muitiplying the

existing patteirn by a growth fadtor:.~ The general form of this method is
represented by the follewing ‘equation. - i : . .

vhere,
Tij = Futuré numsber: of trips from zone i to zone j -

tij Existing numbar of trips from zone i to ‘zone j
Grouth factor

There are four types of growth factors uniform factor, average factor,
Detroit and Fratar methods : . - i .

Un1fbrm Factor Method

i LI

The simplest method of fofecasting future trip distribution The growth
factor is derived by consideration of the entire area under study which
can be expressed as: o o ~

. T
. £ _ o
t

where,

E = Uniform growth factor e K SRR R
T = Total future number of trips in the study afea
t = Total existing number of trips in the study area

Average Factor Method

This method has been developéd to improve the Uniform  Facter-methoed to
reflect the difference in growth rates in ¢ach of “the Zone palrs. This
method divides growth rate values Into different proportions. in
accordance with the individual growth in each traffic =zone. The
explanation is made through the equation given below - i

E + E
i
g _ -3
where,

Gy Aj
Ei = — oY —_
By ay
G A
Ej = ———! or -—J
C By 3

5-~29



and Pt e

Ey ... '= .Growth factor of zone i

Ej ... = Growth-factor of Zone - :

aj, 2y ~ Existing number of trip attract1on
of zone i, j

Bir Bj "= Existing number of trip generatlon_

: of zore i, j

Ag, Aj = Future number of trip attraction
of zone i, }J :

Gy, Gj = Puture number of trip generation

of zone i, j -

Detroit Hethod

This method has been developed to solve the weak point tn: the uniform
and average factor as well, and at the same time it lessens the
cumbersone iteration process employed in the Fratar methéd.  The Detroit
method was developed during the Detroit Metropolitan Area traffic study
in the United States. The calculation is similar to the Fratar ‘method.

The equation appears as follows

T - tij Ei . E!

B
where,
Tij =~ Predicted future trips from zone 1 to zone j
tyj - Existing number of trips from zone i to zone j
Ej, Ej = GOrowth factors for zone L and §-
E = Growth factor for the area as a whole

Fratasr Methoall}

This method is employed so as to solve the weak point encountéred in the
Uni form and the Average Factor Methods., . Thé basie principle-of this
method is that. : : ' S

- Future trip distribution is to be: in direct proportion to the
present trip distribution when origin of trip is taken into
consideration

- Future trip distribution can be derived from a multiplication of
the growth factor of the zone to whlch these trips are
attracted -

[1] BaSed‘bh JIGA (1984) 'Cdmprehensive.Urbaﬁ Transport Planning', PP
v 9-13 -
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The stéps of Fratar calculation are as follows:

L

-Assuming that the . trip - ends (generation. and - attraction) are
-available, allocate the trip generation of a zone i to the rest

“of :the :zones In proportion to the  present value ;of - Xgq'si
::Galculate, :in the same manner, XLL s by using trip_attraccion_of

.:ZOHenj.: This u»yields‘:-two

~“values . for each .inter-zonal. :
movement . (i -> ..}, J -> 1), and the average of these two values
is taken as the first approximation of the inter-zonal volumes

For each zone, the sum of the initial approxlmation is divlded

‘into . :the . total volume desired for the zone, as estimated from

the trip generation stage, to derive the new growth factor to he
used In computing the second approximation.

. The estimated inter-zonal frips for ‘each Zzone in the Ffirst

approximation are again distributed, in prOportion to the
present interzonal volumes and the new grcwth factor obtained in
the first approximation. The pairs of values derived are again
averaged and the process repeaccd until conformity between
calculated and tdesired’ trips is achieved. _

Mathematically, the Fratar method can be eéxpressed as

le

where,

= Tij . Fi a Fj.- (_._2_.j_)
Fili- F,=B
L S |
L §'Piﬁ- o ;L %Tﬁx _
S TICPE IS R A T R SY
_ le = Future trips from zone 1 to zone j'
T4 = Present trips or trips calculated

proceeding iteration from zone i to zone j

Ly, Lj = The reciprocal of the average attracting

- force of .all other zones on zone i and
zone j, and are often called the "Location”
or "L" factor

i -

Ty = Future trips generatlng and attractlng in
) .zone i : S . .
T =~ Present trips or trips calculated at

This process is repeated until F; and F;

of 1.00,

proceeding iteration In zone i.

4 approximate the limiting value
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5.4.2 Gravity Model T L LR SR

The gravity*mbdel has been -inferred from’ Newton's law of -gravity, in
vhich - two bodies ‘in the. ﬁniverSejattfact¥éach\othér,iﬁ‘pféportion'to
the .product of their masses, and ‘inversely: to the: square ‘of thelr
distance apatt. The trlp production and attraction are ‘séén-as the two .
masses and 'a measure of spatial distributien such “as travel: time and
distance 1s takéen as the distance between the twoe "masses?!.

General Form
Gravity model has the general form ‘of the equation shDWn below

AIDU

§ | J21

when, Tyj= Trip hav1ng origin at zone 1
. . - -and destination at zone i

Ty = Py

'Pi = Trip prodﬁctlpnror_géﬁeratlon‘of_zone:i
Ay = Trip attraction of zone j
Dij = Friction factor

and Py o« dij
or Dijy = 1/4dy°

where Djj =  spatial separation between ébne i and zone‘j
generally expressed in travél time

assuming that = (Aj.Dij) = K {congtant)
Tij _ -a -t .

then 1A = Dij K _ ; and
LIS I R
Py A ot diy~ K

It can be seen that the. above equation is in thé forini of linear
regression. In order to examine -the relation expressed in the above
equation, the values are plotted as shown in Figure 5-11,

Example application of gravity model

One of the J{?? studies applied the following model {6 estimate trlp.
distribution.

Ty = PiAy e
. : - Dii

‘trip between zone 1 and i

trlp produced by zone i

trip attracted by zone |

travel time betweéen zone 1 and j (min)

gravity model pavameters

where,

Bl
B S [Ny
~

[ T

.[1]. JICA (1979) ‘Comprehensive Study for Bangkok Sub-Urban Transport
Project’, Japan.International Cooperation Agency
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_ Fig. 5- 11 Test of Gravity Relation

The Calibration is performed for person trips and truck trlps aud tha
results are shown in Table 5- 13 :

4

Tabla 5. 13 Example Gravity Parameters Used 1n a’ JICA Study

Gravity Parameters

Trip Type A semmeeemee ?5 --------------- .-
. . - . K - - . n’ E . \ D :

Person Trips =~~~ 0.158 C 01,329

Truck Tripé'-:' R 0.447 U736

FuIIy Constrained Grav1ty Hodei

Trip distribution can also be estimated by a fully constrained gravity
model:

Ty = Alﬂtmaj Du
whére}.'l.Tij - "the nuqbqr of‘tfips betﬂéen.zonéii
' ' S '_,and 3o '
' . -B
Ay = 1 / ? Bjaj Dij

-3
By =~ 1/ '{‘Aim Di})



Py = number of trips produced from zone i,

ay = number of trips attracted to zone j,

Dij digtance along the shortest path between
zone { and i,

B = gravity parameter.

The advantage of a fully constrained model is that the calibrated model
always reproduces the original value of trip generation and attraction
of every zone. ' '

Construction of Travel Time Matrix

The wvalug_ of Dij for 1 - j 1is determined. by the shortest path
algorithm 1) by dsing mnetwork data. For intra-zonal trips, i.e. the
‘distance’ may be obtained by averaging the lengths of the 1links

connected to that zone and divided by 2.

5.5 Modal Split Analysis

Transport modes such as private cars and buses have their own ‘shares’
in terms of total number of person trips that take placé in a study area
for a specified time period. The analysis of estimating the shares
among different modes is called modal split analysis.

Long-term land use/transport planning concerns the planning for major
transport networks, therefore, major transpert modes such as private
cars, buses and railway become the most relevant subjects of the
analysis. The result of the analysis will be reflected in the planning
for public transport systems as well as for highway network systems; the
latter case sometimes requires the delineation of private and public
transport users In the total person trips estimated for specific routes
Or areas.

Modal split analysis, however, 1is not used for cities where private
transport plays the dominant role; in this case the planning gives
emphasis to highway network systems, the demand analysis often adopts
‘vehicular trip’ as a analysis wunit. The wurban transport system,
however, consists of a combination of various modes of transport and the
maximum mobility and convenience can only be obtained by planning them
as an Iintegrated system made up of inter-related sub-systems.
Therefore, even though, in the case where public transport planning does
not take place simultaneously with the highway network planning, the
mechanism of modal split should be well understoed by the transport
planner.

Factors Affecting Modal Split

A variety of methods have been developed to depict the modal mechanism;
but most of them try to consider the merits {or demerits) of choosing
one mode of transport over others. The merits of a transport mode are
usually analyzed by the following three sets of factors:

[1}1 For further elaboration see Sec. 5.5



1. Characteristics of travel such as purpese, trip dlstance and the
time of day the travel is made,.

2. Characterlstics of transport system such as ‘travel” t1me, cost,
reliability and comfort.

3. Characteristies of travellers {(trip makers) such as car-
ownership and income.

Modal Split Approééhés

The stagés:wheté modal Spiit analysis is performéa provide”the most
common method for classification of approaches. Three approaches ave
identified:

1. The approach which allecates trip ends (production and
attraction) inte different modes. :

2. The approach which estimates number of trips between zone pairs
for each mode and later compares them to obtain modal shares.

3. The approach which allocates inter-zonal trips inte competing
modes of transport.

. The third approach known as 'trip-intercharge model’ of modal split has
been most practical in wrban transport planning, which will be
elaborated by explaining two most widely applied metheds: diversion
curve method and discrete choice modelling method.

Diversion Curve Method

Typical diversion curve method tabulates  the proportion of person trip
using particular transport q?de and travel time ratio. Sendai Area
Transportation Study, Japan established diversion curves of public
and private transport modes, and railway and buses as shown in Figure 5-
12 and 5-13.

Discrete Choice Modelling

The application of this approach is based on economic consumer theory in
that an individual chooses among alternatives so as to maximize his
well-being. The theoretical background te this method and examples of
using this model in modal split analysis are presented in PART & of this
manual .

5.6 Traffic Assignment

Traffic assignment process is the process of estimating spatial
distribution of traffic over transport network; the major imput data are
an 0-D matrix and network data, There are various types of assignment
method used in different purposes of analysis, but the cccasions where
this process takes place can be classified luto two basic categories.

[1] ‘Sendai.Area Transportation Study’, Tohceku Region, Japan 1972-75
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1. The assignmeht_of future trips to the existing road:nétwork to
examine the deficiencies and to provide basic information for

~+ the network -improvement planning.

o
1 PO

- 2. The assigament of futuré trips to the‘future road network to
. evaluaté the adéquacy. of the. planned  network, and to give
additional information to further improvement of the plan.

5.6.1 Shortest Path’ Algorithm

The key algorithm to the assignment technique is the !Shortest Path
Algorithm' which finds out the shortest route (succession of assignment
links) between two zones. For example, consider the diagramratic
network shown in Figure 5-14. AERRINE B

{7) Déstination

Shortest Route
Figure 5-14 Diagrammatic Network Showing the Shortest Route

In the above Figure, the numbers along the ‘link indicate the distance
(Km) of link. Travel time (min} is also frequently used as the measure
of travel cost, ' ' ) B

In this example’ there are four routes from origin to destination : (1)
1-2-5-7, (2) 1-3-5-7, (3) 1-3-6-7, (4) 1-4-6-7. The distances along
each route are: 14, 15, 13 and 16 Km respectively, and the shortest
route is the third route which is 13 km long. The example shown here is
rather simple but for the bigger scale network that may have more than
100 zones and 1000 links, an elaborate method such as Ford and

FulKerson's algorithm can be applied and solved by using a computer.

The Ford and Fulkerson’s shortest path algorithm applies the concept of
‘label’. A label consists of two elements and generally described as
(i,° p(3)]. The labels are attached from an origin node to all the
destination nodes. Shortest:path trees and shortest distance matrix can
be censtructed from these labels, ' : o
Let 1;; be the link from node i to node j, and the cij the distance
betwéeil these two nodes (the length of the link). The 1label {1, p(j))
s attached to node j, where p(}) indicates the sum of the distance from
the origin node. The algorithm for labelling follows the steps:

1. Choose an origin node.



. 2. Benote this node with [-, 0]..

3.'Cléssify all the nodes.into tvwo gétegoriés: A and B; ﬁhére, A is
the set of labelled nodes and B is the unlabelled nodes.

4. Find all the links 1y such that i belongs to A and J belongs to
-B; . call this 1link set L. L . . ‘ ‘

5. Choose one link from the set L such that it minimizes p(j) =
p(i) + Ciy and denote this node with [1, p{})].

: 6. Rébeat 3-5 unfii'ail_tﬁé aestinaﬁionrnodés are lébeiled;.
7. Bacﬁ track towcoﬁstructié shﬁrtés&-path‘tree.' : .
8. Repéat }-7 until all the origin nodes are considered.
All or Nothing Assigmment 7

One of the assignment principles known as ‘all-or-nothing’ assignment
allocates all of ‘the transport demand batween two zoénes on the shortest
route, The aggregation of the traffic using each 1link gives the
estimated traffiec volume. .

Although it is unrealistie, this type of assignment is often applied Lo
investigate the potential traffic volume. For a strategic planning
purpose, this simple assignment is useful to examine the balance between
cross-sectional traffic demand and the corresponding link capacities in
the network.. ' ;

Capacity Restraint Assignment

For the purpose of planning for more detailed network improvement, a
realistic estimation of link volume is required. The number of vehicles
that can pass a road section per specified time is limited, and the
traffic build up the travel speed usually goes down leading to longer
travel time than initially specified; the shortest path changes due to
the increased travel time on congested links.

The capahiﬁy_restrainc apﬁroach cohsidgré this effect of tongéstioh,
which is simulated through the use of -V curves explained in See.
5.2.2. ' ' '

Incremental Loading is the method used to assign 0-D matrix on
transport metwork, for example, 30, 30, 20, 10, 10% ray be adopted and
at each stage of loading the link speeds are calculated to renew
shortest paths for all the zone pairs. ' _

Certain computer code for traffic assignment adopt all-or-nothing
assignment ingeniously to determine the loading ratio automatically
within the computer. This method load 100% of 0-D matrix first and

determine V/G ratio of each link. Then, the highest V/C ratio is used
to determine the. first loading ratie, 1.e. C/V. The Q-V curves are
applied to renew the shortest paths and the 100% of the remaining 0-D is
again assigned to determine next loading ratio. The process continues
until no more loading is possible. This method is particularly useful




for a peak hour traffic assignment in which the capacities of the links
are treated as an upper limit of traffic assignment. ‘ ‘

Gapacity and traffic velume in the capacity restraint  assignment is
expressed in ‘time interval': one hour (peak.hour) or 24 hour (daily)
traffic is usually adopted. The assignment by using peak-héur traffic
and capacity is called 'peéak-hour traffic assignment', the latter, .is
called ‘daily trvaffic assignment’'. Q/Vv relations are establ{ished by
using timé intérvals that are shorter than one hour, therefore peak-hour
assignment is theoretically more sound than daily traffic assipnment,
and this approach is regarded as the more accurate method. The peak-
hour assignment, however, could often'result_1n'the_situat10n where 0-D
trips cannot be fully loaded because of certain bottle necks in the
assignment network. These left-over items cause some. problems when
different transport networks are to be compared by iusing the same 0-D
matrix. If the loading rates change depending on the transport network,
the results could undermine the possibility of comparison.

In the daily traffic assignment technique, on the other hand, the Q/¥v
relation is defined by a less rigorous cencept and the ‘capacity’ of
daily traffic. is not the upper limit of traffic volume that can be
accommodated on a link. The concept of capacity is used to represent
the relative relation between traffic speed and traffic volume, and the
network leading is usually performed until all the traffic in. 0.0 matrix
is loaded. The results obtained by daily traffic assignment is easier
to interpret. "There is no e¢stablished eriteria for the use of these two
types of assigument approaches in different transport planning
situations but, in generalyrthe'peak*hour‘ésSignment is used for short
tetm traffic assessment, where peak-hour capacity is more critical; and
the: daily traffic.assignment is used for medium to long term network
plamning. g : - : :

Assignment of Pubijc Trén&pbfﬁ Demand

“The prin¢iples Gf;thc'network'assignment are directly applicable to the

-analysis of travellers movements on the public transport netwerk. The

‘network coding may require spécial .attention to such arrangements as

contra-flows and exclusive routes in a bus operation system, and

‘pedestrian, access links to and from bus stops or railway stations,

Other factors such as time for transfer, waiting and walking are also
taken into consideration.:

Presént&tion of Results
The outputé'from traffic assigament analysis may include:

- traffi¢ volume; ,

- final speed (traffic speed at final loading);
- V/C ratios;

- trip length distribution; and

- 0-D table using each link.

The assigned traffic volume can best be presented by a graphical format
shown in Fig. 5-15. With this diagram, traffic concentration on each
link can be overviewed. Similar graphics as well as tabulation can be



made for final speed and V/C ratios. The characteristics of traffic ‘on
each link can best be judged from.trip length distribution  and 0-D
tables of each 1link. All of the above figures can be tabulated
separatedly for modes (types of vehicle) or purposes depending on the
resoluction of the analysis required.: -

Fig. 5-15 Graphic Presentation of Traffic Assignment Result
- Chiang Hai Case Study
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. . .. . . - PART 6

ALTERNATIVE APPROACHES TO DEMAND ANALYSIS

6 1. Introduction

In PART 5, the conventidnal modelllng approach (fbur step ‘model) to
transpott démand analysls  was presented.: . The approach has flrmly
established theé  theoretical. basis and ‘a..wide range of practical
applications in many countries. ' The application of- this ‘approach .to
Thai cities has also been recommended, however, the full sceale
application requires a certain amount of resources which may not be
justified in every case, particularly for mediun to small citles.

The first of the sections following (Sec 6.2) considers a Simplified
approach to demand analysis; and presents less data-demanding methods
and the techniques to simplify the conventional modelling approach, of
which a simplified approach to the estimation of 0-D matrix is further
elaborated in Section 6.3, : :

Section 6.4, on the other hand, introduces a somewhat different category
of modelling known as ‘discrete choice modelling’ or a ‘disaggregate
modelling' approach to transport demand analysis.. The undei¥standing of
this theory requires background knowlédge on 'random utility theory‘.
Because of its potential for minimlzing data requirements, especially in
-modal choice modelling as well as in route choice, and of its quality to
reflect urban transpert policles to planning process, the approach
cannot simply be dismissed., = Suggestions as to the area of péssible
application in Thal cltiés have been made in this section.

6.2 Simplified Aoproaches to Demand Analysis

Simplified methods of demand analysis can be classified into the
follewing four categories:

1. Trend analysis

2. Road density approach

3. Simplified O-D data collection
4. Simplified wodelling

The methods 1. and 2. are simple procedures suited for small cities with
only a few trunk lines, but the accumulation of the past data especially
for trend- analysis - 1is required. Methods 3. and 4. are  low-cost
applications of the modelling method explained in PART 5, and may be
suitable for small to medium cities.

Trend Analysis

Trend analysis applies the past trend to estimate future traffic demand.
The concept is simple: find appropriate growth rate and multiply that
to the present level of traffic. For example, a road section has ADT of
5000 veh/day, and the growth rate is 2% per year, the traffic velume in
five years time is:



5000 x (1.02)° — 5520 veh/day

The. growth rate may be estimated: from past traffic volume records or the
increase rate of car-ounership of the area, :

The assumption of this method is that the growth of the area remains
steady, and no major land use develepment take place in. the vie¢inity
over the projected period. This assumption, however, may be valid only
for remote cities for relatively short. periods. As is’ shown in the
Socio-Economi¢ Reésearch manual (Vol. IIL), there are other methéeds of
projecting soclo-economic :indices for longer terms, and they should be
applied 1f the trend analysis is to be applied to the preparation of
general plan whose planning horizon is about 20 years. Co : L

Department of Highway (DOH) also ‘issues standard growth rates based on
past trends of traffic growth and future increases of car ownership.
The growth rates are tabulated for every DOH road sections. (é.g. see
Table 6-1) . The relevant fipurés for planning can be wutilized -to
estimate future traffic demand of surrounding links. = The projected
demand is compared with the existing capacities of highway sections and
the improvements are specified to accommodate future demand.

Road Density Approach

The demand for urban road systems is . dependent on the extent of -urban
development. The higher level of population usually indicates a higher
level of development and requires more réad space than smaller cities.
1f road density standards are available the requirtemeént of urban road
space is directly calculated. The concept and the example of road
densities used in Japan are presented in PART 7. '

Simplification in O-D Data Collection

It has been pointed out that one of the most time consuming parts of the
modelling approach is the collection of 0-D data. A few types of
simplification can be made depending on the existing data availability.

When 0-D surveys have been conducted for the concerned city in the past,
the matrix may be updated by using Fratar method (see Section 5.4.1).
Alternatively the trip estimation method from traffic counts can be
appiied, which will be explained in Section 6.3. When old data are not
available for the concerned city, basic trip rate or. parameters (such as
in gravity model) calibrated for ‘other cities with similar
characteristics, may be used by assuming that these value vremaln
constant over space (and time). '

If no data is available and some sort of primary survey appears to be
essential; an 0-D survey can be conducted with a small sampling rate,
alternatively, the survey can be conducted onty for selected key traffic
zones and the remaining zone pairs surveyed by mail reply method; in
this method, questionnaires are distributed preferably through personal
contact and left to be filled out by the respondents, and completed
answers are returned by majl, Reliability of this method is lower than
the interview method but. the survey cost ¢an be substantially reduced. -
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"For smaller cities (say less than 5 000 population), maih. traffic
movement can be worked out by a cordon 0-D survey only. This method is
more reliable compared to a number,plate survey and gives more :detailed
information on the origin and destination, purpose, rode of travell and
travelle¥s characteristics., Medium cities ‘(e.g. up to 75,000
population) could apply dual cordon 0-D survey In whiech &n:éxternal
cordon is set at the frimge of city and an inte¥nal cordon is set to
endircle the city centre, This will lead te substantial resource
savings compared to a full- scale 0-D survey while providing vital but
sufficient Iinformation concerning traffic movement in this scale of

city

Use of residence- workplace information. collected as part of socio-
economic survey, to sirulate morning peak traffic movement, is another
approach that has to be investigated in detail to avoid a costly 0-D

survey, |

Si@plified Hodeiling

DPemand analysis may be simplified by the follbwing three methods:
- Restriction of.parametérs an& zone humbef..

- Use of simpler models in the four step demand analysis.
- Use of modelling techniques which require less data.

Restriction of parameters. may be achieved through, for eXamplé
aggregation of trip purposes, or usé of smaller number of transport
models; vehicular trips only may be sufficient for relatively smaller
cities.

Aggregation of traffic zones. 1s another method of slmplification
Kurokawa and Asano (1981) found that the aggregation of traffic zones do
not affect the assignment result substantially, particularly when the
capacity restraint assignment is employed.

Use of simple models. in the process of traffic genération, distribution
and assigament can reduce the cost of analysis In data preparation,
computing ete. Trip rate method by using population of unit land use is
simple to apply compared with for example, regression models in trip
generation estimate.

Present pattern method. such as Fratar method is sufficient for slow
growth area In trip distribution. All or nothing assignment may be wost
appropriate for cities with simple network structure. '

Discrete choice modelling. (see Sectlon 6.4) uses less data compared
with the four step demand analysis approach. Disaggregate approach uses
individual choice data, bases its theory on consweer behaviour theories.
Most p0pu1ar application of this technique is to modal split analysis,
but it can be applied to any other transpert choice situation so as to
replace the four step approach. While some transport planners are
eritical about the value of this technique in the demﬁqﬁ forecasting
process, the number of suCCessful applications is growing

(1] Ben-Akiba, M., and Lerman, S.R. (1985), Discrete Chofce Analysis:
Theory and Application to Travel Demand; Cambridge : MIT Press.




6 3 Estimation oE 0 D. Hatrix Based on Traffic Counts

In the foregoing sections 1t has been pointed out that 0 D matrix is
essential for - the four step demand forecasting method. In' order  to
construct 0:D. matrix, a home interview survey has ‘to be conducted but

this kind of survey, and the construction of O.D. matrix from the
collected data, are very time consuming. ~The. validation of :the
resultant matrix is usuvally made by assigning it on to existing traffic
nelwork and by comparing the réesults with actual traffic counts. Taking
this point into consideration, there has been a growing concern over the
method of estimating 0.D. matrix from traffic counts. Major benefit of
such a methed is that the full scale home interview 'survey ‘way  be
substituted by a less costly survey of traffic counts, which usually can
be performed by automatic traffic counters,

Willumsen reviewed the models put forward for this purposoll] Some of
the general characteristics ‘of thesée models are discussed in this
oectlon and’ the procedures for practlcal application are eXplalned

Conqxder a study area with M traffic zones: then, there ‘will be M2
unknown to form an 0.D. matrix, which have to be estimated through
observed link flows., For making the problem tractable, it is convenient
to introduce the variable which is defined as the proportion of traffxc
on link a which has origin zone 1 and destination j.

In general, the values of P1j° " lie between 0 and 1, i.c.
0<py <

P;:¢ = O if no trips between i and j use link a, and Pija = 1 if all the
r1ps use link a, :

If we denote the flow on link a by V,, the basic equation in the
estimation of a trip matrix from the 1ink® volume is @

Va = LLE Pi.ja Tij ' e (1)
i3

where, Tij is the total number of trips from zone i to zone j .

The values of Pij°'can most appropriately be assumed to be dependent on
traffic volume, “but the congestion effects cause some complications
which have not been solved satisfactorily. More tractable approach is
to assume that ‘the P;® s 1ndependent of ‘the flow level of
each link, then, the valuve of P can be determined independently of
the estimation of the trip matrix This latter approach is equivalent
to assuming ’proportional assignment’ in which the proportion of drivers
choosing each 1link is assumed to dépend on driver and route
characteristics only; typical of such method is, for example, all or
nothing assignment.

[1] Hilluﬁsen (1981) Estimation of An 0-D Matrix from Traffic Counts
A Review, Institute for Transport Studies Working Paper 99, Leeds
University.




The problem of estimating . the trip matrix: is to find:the value of T

from as many equations as.the number of links with observed link flow.
The number of unknowns exceeds the number of equations in most of the
problems and the problem becomes underspecified. The number of unknowns
may be' reduced. by making some assumptions about trip making behaviour,
and there are three types of approaches.

Approaches.baséd on gr&?ity-ﬁodel

Many-offthe_approaches:assume that . the trip making behaviocur -is
reasonably represented by a gravity model. By doing. this, the number of
unknowns 1is radicélly-redugffj Robillard suggested the incorporation of
a generalized gravity modell™}: - : A o

Tij=R1$jf(C.ij) C S (@)

Ry's. and-$i{‘s are the parameters to be calibrated, and where . f(Cij)
is a deterrénce functién of the cost of traveling between :1  and j©.
More - conventional . gravity. ., models ~have also been incoérporated
and approached by maximum likelihood method to calibrate the parameters.
These models have been criticized for not making full use of the

inforpation. contained in the observed traffie ?ounts and - forcing. the
trip. matrix to follow a gravity type pal:t:er:n(2 . This. is critical in
small or: inner city areas where mest of the trips have thelr origin ox
destination (or both) outside the area. : o 1

An alternative ~approach is to search for the 0.P. matrix which is
consistent with the information contained in the traffic ¢ounts, with

minimum external information. Willuzsen employed entropy maximizing
approach!~! and formulated the above problem as follows:
Max § = :E (‘T‘ij zdg"rij ; Tij)’ ()
ij
:S.UbjECt tO Va 'ETijPiju = 0 and Tij 20 ) ..;...._. (&)
Lj

for all counted links a. by forming the Lagrangean and diffé;entiating

it, T; can be obtained as follows

. . B: :' '- i=b.a . ' .
Tij- exp (_§XaPlJ > , _ Creseean . (3

wﬁefé,'&3 15_fégtérgeéﬁ mu1tip1ier.aSédciated with the constraints on
P g - . -t Na : . S ; .
link a, ‘By,replacing_e”: = X, we obtain

Tyy =;g-.xalf;j° o R (9

[1] Robillard 'P. (1975) Estimating an 0-D Matrix from Observed Link
~ Volumes, Transport Research 9, 123-128.

[2) Van Zuylen, H.J,, and Willumsen, L.G. (1980), The Most Likely Trip

"~ Matris Estimated from Traffic Counts, Transportation Research B,
vol. 14B, pp 281:293. = . L

(3] Willumsen (1978) Estimation of An 0-D Matyix from Traffic Counts: A
Review, Institute for Transport Studies Working Paper 99, Leeds
University.




The extension to this model can be made to ineorporate prior information
-such as old 0, D matrix and result’ is obtaxned as

Tij t j X Pij - L . 7.“............. (7) .7
where,
- "“;_d, L a.”
R ‘“il’ T
and L is the number of counted links

The following matrix may be used as prior information b
-1.-an old trip matrlx, : : S S T
2. a trip matrix obtainéd from a small sample survey, probably
roadside interviews; and- '~ . - . ;
3;.a trip matrix synthesised with gravity Lype models

In the case where no information is available ta produce a prior matrix,
an assumption that fij =1 for all ij, (i # J) may reasonably be made .

Solutzon Hethod

The equation (7) is called multi proportlonal -problem and t e solutlon
procedure is outlined below, based on Van Zuylen-and Willumsenld :

The algorithm: iuvolves -an iterative modification of trip matrix until
the calculated link fléws aré made equal to the observed ones,

i) Calculate the wvalues of Py -:by.applying suitable
- " assignment method and. set the ” number of - Lterations n = O

(11)  set x" ~ 1 for all links.
‘(iii) Set a = 0
(iv)  Set'a = a+l, and calculate the fléew ’V;
-Va = i}t-j (17X, nPij )Pij

L U . )
and make X; f Xg 'Yapija

where Y, is to be obtained by solving
v, - ::jPIJ tij (7X nPiJ )YaP1J

. (v). .Go back to {iv) if (a < L), where L is the number of llnks.
Otherwise check for convergence condition set in step (vi).
(vi) Stop lf lv;" - Vz 1 £¢ for all a where € is sufficlently
small number. If this condition is not met increment n by i

and proceed to step (ili).



6.4 Discrete Choice Hodelling ,
Discrete choice modelling in transport demand anaIYSis s a rather new
approach compared with the four step approach described in PART 5. The
discrete cholce appreach is based on economic ¢onsumer theory in" that an
individual chooses among alternatives so as to maximize his well- -being.
There are a number of approaches in discrete cholce modelling depending
on how the decision problems are defined and subsequent.analytical and
computational treatments carried out, but some of the most widely used

methods will be explained here So D ey : S

Disé¢rete choice models- are. sometimes called 'disaggregate models’, . The
usual - travel demand analysis proceeds with the subdivision of the
geographical area iInto 'traffic zénes’, and a-zone centroid représents
‘the origins and destinations of all travellers leaving-or. arriving that
zone. This approach is sometimes called aggregate modelling because it
utilizes the data on travel behaviour by aggregating:observational: units
within a geographical zone and apply statibtical analysis on these
agpgregate data. : ! o : T

The four step method explained in the previous sections is seen in the
category of aggregate approach. .. Although this approach is well
established in terms of its wide acceptance in practical applications,
its shortcomings are also widely discussed (e.g. Spear, 1979; JICE,
1984) which can be summarized as follows: o . TIE

1. Person trip based survey for aggregate demand analysls is costly
to attain sufficient statistical reliability. . :

2. Zonal aggregation of data sometimes makes it .diffieult to
establish clear theory of decision problems such as modal split
analysis.

3. Because of the aggregation, some useful information might be
lost., : SR

4, Aggregate models are not suitable for policy analysis.

Discrete choice models, on: the other hand, have favourable properties
that can counter the above criticisms. 1In the following sections, the
basic theory’' modelling procedure and example applications to transport:
demand analysis will be explained. . '

Random Utility Theory and Discrete Choice Models

~ Consider the situation :where an Individual n faces the problem of
choosing alternativé 1 or j. This is a binary choice sitwatfon. If he
prefers alternative L over §, then the utility of- chOOSing I is:bigger
than the utility of choosing j, P

Ui > Yy



The forms of the utility, : however, ‘are not known to the analyst with
certainty; therefore are best treated as random varlables. The
probability of this individual choosing P, can be expressed as follows:

Pin = Py [ V5, > Uin J

Utilities can be divided into two additive parts as follows:

CUin o Vi + By
an “ VYin * Ejn
where, - and an are called the 'éystemétic' components of
utility } and j: t;n and ejn are called the random components.
v and V ﬁ ~ are usuvally linear additive. functions’ and are assumed to
be deterministic. &4 and €; . may also be functions, but they are
random variables from the analy;t 's point of view.

Therefore, the probability of the individual chooslng i can be rewritten
as follows: .

n T { Uin > an )

b

Pr (Vi ¥ &, > vjn + ejn )
= B U8y - By <Vt Yy )

then, the form of Py, depends on the assumption made to the distribution
of &8's .,

Probit Model

One logical assumption is te view that €£'s are ‘normally distributed’

with zero means and variance ¢;2 and 6;z , respectively, and have
covariance %j - -Then : '
b = [ TR e,
n — © u
o 2w
vhere, 62 . = 6 +6%- 2o,

For convenience we make an arbitrary assumption that ¢ = 1.

This model is called ‘binary probit model’. The choice piobability of
this model, however, can not be expressed in a closed form, and has to
be exPressed as an integral, which leads to the searching for more
analytically tractahle model while malntaining properties similar to the
binatry probit wodel,

Logit Model

One such model {s binary logit model in which ‘s are assumed to be
logistically distributed, or €, and €jn are independently and
identically ‘Gumbel’ distributed, {.e.



LIS S0, - o = £ = 0

F(f).  f_" } ¥ e be

i LRI 11
£(€) = ____ﬁ__"‘i -
' {1 + e Y8}
where v is a positive scaler.

Under the above assumption, the cholce probability,for alternative 1 is
given by

>
t (Vi ~ Vjn )

t 1T e
euVin

g"Vm +-eﬂvh

In general, v is assumed to be 1.

The case for multinomial choice, the above equation ¢an be extended to
‘multinomial logit! (MNL) model which is expressed as:

V.

2 in

P = :
in eVin + evjﬁ T
e¥in

Ejecn eVin -
where ¢, is the choice set available to individual n .

Parameter Estimation
The widely applied technique to estimate model parameters is called
'maximum Ilkelihood estimation method’.  Least square methed can also be
applied, but it is computationally difflcult and has no advantage over
maximum likelihood method. :

Maximum likelihood method is the approach to estlmate the wvalue of

parameters for which the observed sample is most 1likely to- have

occurred. Llikelihood function in binary choice model is expressed as

below. -'1 ‘ o : BRI =
EAG B B nTE,PinYi“ Pinin

where, ¥ =  Likelthood function

S = . Xth parameter

N = Rumber of samples

Yoo = { 1 if person n chooses alternative i,
n 0 1f person n chooses alternative }.

%

é-10



By taking natural logarlthm, the above equation is transformed as
follows* _ = - : '
AR Px) = 81[Y1n 109 Pirl  Yin 109 Pin ]
: oy P n= .

= % {vinlog Pyo+(1-yind Log (1-Piq1}
n-1 : o ’ : . .

.-.(_-; Yinlz 1‘-‘.Yi'n ond Pj, = 1- Pin -

maximum of x can be obtained by dlfferentiating the function by and
A 's and equating it te zero, and solving the resulting set of
equations for B's

The differentiation of the above equatidn becdmes;

px _N OPm/oBk Y OPm /OBk N
OBk ._'E‘[Yi" P Pin } ¢

In the case of. logit model, ¢ is globally concave and the second order

derivatives can be computed without, preat difficulty, the _above. set of

equations can be solved by applying ‘Newton Raphson méthod’ . For

estimation of probit model - particulatly multinomial prebit - is more

complicated but 1nterested readers may refer to Daganzo (1979).

Modelling Procedqre

Hodelling procedure of discrete choice ana1y31s is summarized as
follows:

1. Model System Design Determine model structure, alternatives,
and the possible forms of utility functions,

2. Data Collection: Saﬁble! ﬁesign,l_duéstionnalre design data
collection (home interview etc.)}, coding and validation.

3. Basic Analysis: .By using the collected data, basic statisties
are tabulated (e.g. number of wvalid samples, goclo-economic
character1stics of respondents etc.). Major determinants to the
choice of alternatives may be investigated by using statistical
techniques such as ’'Discriminant Analysis’. At the end of basic
analysis, data file containing relevant. variables, which is
compatible with model ¢stimation program may be created

4; Model bstimation Maximum likellhood estimatlon 15 most w1dely
used technique to estimate parameters from observed data. Ready
. made software is available for chis, purpose.

5. Statistical Tests: Exanine Statlstlcal pr0perties for the
evaluation of the model. Host of the important tests are
included in the standard software along with their
interpretations. Return to Step 4. if the model is not
adequaté, ' '



" 6. Check Predictive: Accuracy: Design.for. aggregation method and
test of the estimated model by using data set that was not used
to estimate the model. Return to step 4. if necessary

7. Forecasting and Policy Analysis: Use the estimated model for
forecasting and policy analysis.

Applications to'Transpotc Demand Anéiysis '

Discrete choice models can be used in a variety of situation in
transport demand analyses. Typical areas of application are listed
below:
- Residential Location;

- Workplace Choice;

- Automobile Ownership;

- Destination Cheice;

- Mode Choice; and

- Route Choice.

Example model (binaty logit model) calibrated for mode choice’ is shOWn
as follows (Cambridge Systematics, 1976):

V(transit)
P(transit) =

eV(transit) +eV(auto)

where, V{Auto) = 1.454 - 0.00897X, = 0. 0308X3 - 0. 0115X&
+ 0.770X¢ - 0.561%4

V(Transit) = - 0.00897X, - 0.0308Xj; - 0.00708X5

and, XQ In-Vehicle time (min)
X3  Out-of-Vehicle time (min)
X, Auto out of pocket cost {Cent)
Xs Tramsit fare {(Cent)
Xg Auto ownership (aute specific)
Xy Downtown Workplace Dummy (auto specific)

Questionnaire Désjgn '

The purpose of the data collection for dis¢rete choice modelling is to
investigate the behavioural pattern of travellers concerning travel
decision-making, i.e. a choice situation. The questionnaire must cover
three basic categories of information ‘ ’

1. travellers' attributes.
2. alternative choice set; and
3, attributes of alternatives.



" Travel éré?_éttribptes. Uiilitygbf qﬁoosing'an*éltérnativé depends - on -
.- the traveller's value system which c¢an be. reflected on  the models
.. through’ travellers! attributes :such -as income, agé, - car-ownership and.

occupathn;',In_discrete;choice;analysis,;ﬁhéu applied to modal. splirt,

~availability of transport mode 'Is particularly: important to detérmine ' -

possible range of cheice ;space.’ Car-ownership as well as drivers’ ’
 licence, bus & railway availability to the respondents should  be

surveyed.

‘Alternative choice set. Each}traveller could have different set’ of

. alternatives. - If there is no bus sérvice near his house, then, it is
impossible for him to go to somewhere by bus.. Other people may be

e e

limited from private car for not having either drivers' licence or motor :
vehicle; for these people their choice set is limited and this
limitation changes from one person to another.. The discrete choice ;

modelling can “handle this situation and every item of data can be
utilized in the modellingfprocess. The question regarding the choice |

set provides one of the most important items of information in discrete .

choice modelling.”

Attributes of dlternatives.  Each alternative has its oéwn attributes, -
for example, in-vehicle time, waiting time and fares for buses and

trains, and door-to-door travel time and cost of gasoline for private '
- cars. © Reliability and comfort is other important elemént but these .
. attributes” havée to be expressed quantitatively by using some kind of .
~ surrogate measures. The major difference of the interview survey for
. discrete choice modelling from conventional person trip 0-D survey 1is -
- that the respondents are asked about the attributes of alternatives that

are not actually chosen. In certain cases additional field survey or

other type of data c¢ollection avre required to supplement these data,. by -

using such.as bus route map and opération schedule,

- An example intérvieﬁ sheetzfqr the discrete cholce modelling as it is
applied to modal ‘choice analysis is shown in Figure 6-1, :

.Samﬁle Design

_Sampling principle for discrete choice analysis is basically the same

“for 0-D surveys. The statistically reliable sample size cannot be
“directly calculated for the discrete choice modelffrg, but experlence
suggests that 300~1000 is sufficient for most cases . ‘

'A unique characteristic of sampling method for discrete choice modelling
is that equal number of sample can be chosen from each alternative -
which Is called ‘choice based sampling’ - and the sampling rate of each
alternative can be reflected in the modelling process.

'[1] JICE (1984) Diséﬁgregate Demand Modelling : Theory and Practice (in

Japanese), JICE Seminar No. 15, Japan Institute of Civil Engineers,

Tokyo:Dobokupgakkai
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Plan Synthesw -~ Gulde]ines

| to Better Plan Des:gmng






PART 7

PLAN SYNTHBBIS - GUIDELINES TO BETTER PLAN DESIGNING

7.1:AIntroduct1gg

The plan design stage is usually conducted by trial and error process in
which ‘a rough draft plan is successively improved by qualitative and
quantitative assessment in cooperation with land .use planners. The :
result of the assessment will be fed back inte next trial until no
further improvement can be made, Plan design is an act of synthesis in
which the planner tries to find solutions of predefined - planning
problems by giving practical interpretations to all the information
collected.

When more than. one scenariec (set of policies and assumptions) ecan be
identified, due to uncertainty elements involved in planning,
alternative (draft) plans may be prepared according to each set of
scenario. . Single draft plan may be sufficient for a small city where
the rate of urban development is modest and no drastically different
future developments can be assumed. :

The collected information and the result of analyses are summarized here
again to be used in the plan design process; the list of information
that should re-assembled is shown below:

- Tepographic map

- Existing land use

- Existing traffic volume

- Existing cross-section diagrams

- Right of way

- Future land use

- Future proposal of transport system by related authorities
-. Future transport demand pattern '

-. Sacio-economic data (Existing and Future)

Plan design process 'specifies 'planning elements’ so as to meet a set of-
design requirements. Elements of transport plan in the general plan are
the network of right-of-way for transport systems particularty highway
network and pedestrian footpath, location of land for transport
terminals. The design requixements consists of transport development
framework, constraints and targets. These concepts are elaborated in
the following sections. '

Elements of Transport Plan

Major component of a transport plan in a general plan is the
specification of right of way (e.g. Table 7-1,7-2) for the vehicular
transport network to provide physical communication channel between land
use activities, The specification of right of way -depends on’ the :
expected volume of traffic,existing right of ,way and the  type of
frontage land use, In some cases, extra space is required for wurban
utilities. The guidelines are available for the specification of
physical dimensions of roadways, but the land use constraints may
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prohibit the desired dimension, theréfore transport planner may make his
own judgmént to modify the standard cxoss-sections,

In applying these guidelines for the planning of future transport
system, the planner exercises two types of prescription: improvement of
existing road; and  construction of new ‘segments. In both cases,
existing projects need to be taken into consideration. '

Preseription of ameliorating 'missing 1links' often involves the proposal.
for bridges. The locatlon of new bridges to be constructed in the
future, and the proposal for reconstructing existing bridge are the part
of planning specification itade in the General Plan.

Transport terminals such as bus/coach terminals are also a part of the
general plan, but this is made by Department of Land Transpoxrt. Railway
stations are planned by Railway Authority of Thailand. = Traffic
management Is arranged by Traffic Police. Bus route is planned by
Department of Land Transport. ' .

Transport Development Framework

Transport projects planned by Department of Highways, Public Works
Department -and studies conducted by other government agencies are
reviewed to identify priority projects ‘that need to be incorporated in
the General Plan,

Design of Generai Plan requires specification of road network leading to
neighbouring ¢ities, towns and villages. These links are. usually
Department .of Highways (DOH) roads; their future dimensions aré¢ planned
by the Départment of Highways. The remaining inter-city highways may
have to be plamited within' the Ceneral Plan, therefore the relatiomship
between these neighbouring establishments has to be summarized to give
highway development framework,

Land Use Constfaints-

Road space in urban area is one type of 1and use, and the road cannot be
constructed without considering constraints such as: :

- Reseérved land (e g. miiltary reserve)
- Historic area .

- Topographic condition

- Buflt-up area

Consideration should also be'given to:

1, The feasibility of the . plan: land ownership, Huiidings to be
pulled down as the result of road improvements '

2. The, relatibnship between highway network and land use in order
te provide balanced development so as not to deteriorate urban
amenity particularly in the vieinity of:

4 hospitals
- old-age homes



- = schoels o
« residential area : :
e religious places (such as Hats and monastery)

It is recommended not to construct -ain toads along these land 
uses and to provide a quality environment free from traffic
noise, air pollution and vibration due to heavy trucks

3. Safety is aimed for by restricting through traffi¢ from
résidential area and putting eitphasis ‘on local traffie in this
-type of land use. It is also recomménded to provide additional
acceéss roads immediately next to schools whén they front to busy
traffic and school children are exposed to the risk of traffic
accidents. Getting in or out of vehicles can be done in the
lower-traffice access road. :

The folloWing sections describe the gdi&éiihés for:  road network

design; planning for buses: ‘transport terminals and other modes of
transport; and traffic management measures.

7.2 Road Network Design

7.2.1 Urban_Structure and Network Patterns

Urban Structure

Transport network provides basic structure to city development, and an
appropriate strategy is essential to gulde the future growth of the city
s6 as to minimize transport. and’ ‘environmental problems, and to provide
maximum mobility within urban area. There atre basically three types of
pattern; grid, ring & radial and 1inear of the component patterns.

Grid pattern. is most common in Thai cities where old city centers’ were
extended to expand the urban  area (e.g. Fig. 7.1). This pattern
is suitable for distributing traffic evenly over an urban area, and
provides alternative channels to all directions of 0-D patterns, but the
construction of grid roads are costly and generate many intersections
which reduces the traffic ecirculation efficiency Through traffic is
usually distributed over the grid‘and there is a chance that the local
traffi¢ will conflict with the through traffic unless main streets are
sufficlently wide to accommodate both types of traffic.

Ring & radial pattern. is more practical solution to cope with the
growlng demand of wurban traffic (e g. Figure 7.3). The through traffic
can by-path the city center by using a ring road, and the traffic to
nearby population centers :is channeled into radial roads directly
connecting those centers, The construction of ring-roads at the urban
fringe 1is relatively easy for small to medium Thai cities, and it
encourages even development over the urban area, which compensates for
the concentric development that can result from radial roads.




Linear pattern. 1is also common for small cities which have developed
along major highways passing through those cities. (e gl Fig, 7.2). As
local and through: traffie build “up, - a by-pass rdute” 15 often ‘required
and the road system could gradually develop toward a more extensive grid
pattern. T P B A R L P
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Fig. 7-2  Example of Linear Development (Nakhon Si Thammarat)
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Fig. 7-3 ,Exémplé of Network Development
(6rid in Gity Center and Ring & Radial

for outer area - Chiang Mal)



Locéal Street Network Patterns

Local ‘scale street patterns have two ﬁasip;catégortes; grid and
branching. The grid pattern is suited for commercial and industrial
areas as well as other:areas where city center activitiés concentrate:
Branching (or Gul-De-Sac) pattern is most common in Thai cities known.as
‘Sois’, and suitable in xésidential. areas where a quiet envirvonment is
required, but the branching system -is not suitable .for city arvea where
major commercial activities are - encouraged. In the 1latter case,
connection of sois or read extension is prescribed in. the future
transport plan, '

7.2.2 Functions of Road

Functions of Road

Roads in urban area pefform a variety of roles. . Their roles can be
categorized into the following three types: ' - :
- Traffic function: E :
- Land-use development funCﬁion; and .

- Spatial function.

Traffic Function.  is mainly\concernéd w1th the movement of traffic.
Roads and’ streets provide the -mobility of getting around the city to
reach various land usé activities. The traffic funétion, however, may
be further divided into two types: -thé function which puts_emphasis op
higher speed and capacity; ‘and the function which Ffocuses on
accessibility to land use and buildings, in which the speed and capacity
consideration is less important, The term 'traffie function® can be
redefined to carry - specific meaning defined in the Former type of
function. The latter function can then be called ’'access function’.

Dépending on’’ the ‘hierarchy of roads, the proportion of traffic and

access functions ¢hanges as shown in Figure 7-4 and Figure 7-5. Table
7-3 shows the bhiearchical classification of reads and ‘their function
used in the general plan. ‘

Traffic Average Traffic
' Volume ° Trip length - Speed

Hierarchy A ¢ High Long High

{example) Traffic
B Funétion
G
Access
b function Low Short Low

Flgure 7-4 Road Hierarchy and Functions
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F{gure'7-5 ' Coﬁcept of Road.Hierarchy and function

Tabie 7-3 Hierarchy of‘Rdads'Considerediin Géheial Pién

Functional Glass Functions

© g

RURAL HIGHWAYS: Connect provinces and régional
cities forming national network.
Provide high volume of traffic
movement with relatively high
speed. -

URBAN HIGHWAYS :

Primary Distributors” Major trunk road in the area,
" that lead to rural highways.

District Distributors” Distribute the traffic on primary
distributors to major 'land use
activities such as industrial
area, and commercial centers.

Local Distributors* iink between district distributors
: : with acéess read and provide some
direct access to less traffic-
intense land use.

Access Road Provide the distribution of traffic
within particular land use such as
" yvésidential area and connect to
local distributors. The emphasis
is on integration with land use
- and the speed of movement- is
disregarded. .

Note : #* marked roads are the main concerns of General .Plan

fLand-use -development furnction.  Construction.of new road ot improvement
of existing network improves.accessibility of. the surrounding land area
and promotes land use development. This function can be used to puide
eity development, The road constructed for this purpose is sometimes
called ‘development road’.




Spatial function. Urban toad space also plays varlfous roles that are
essential to maintain urban activities, Reads and streets provide
physical delineation of different land. uses, and are uysed to channel
electric and water supply as well as ¢ommunication lines. This function
is, however, of somewhat secondary - impértance : in. highway planning
whereas the traffic function and “the development guidance function
explained above are the wost important ¢onsiderations.

Design Volume and Capacity Sp}cificatiqh-

The concept of highvay capacity - and design volume is important in
- highway network .design especially when quantitative demand forecasting
method is adopted, Estimated traffic volume. on specific link is
compared with 1lfuk capacity and the degree of possible congestion is
calculated. . Observed: traffic volume is usually expressed in ‘annual
average daily traffic (ADDT)' but the specification of link capacity is
made by 'hourly design volume (HDV)'. ‘ o oot

Design volume is determined to meet most of the traffic situation which
take place throughout the year. Based on the continuous observation for
one year (8,760 hours), hourly traffic volume is sorted out in
descending order (see Figure 7-6).

AT

i
=

L&,

Mountain Greg

Other areq
Built Up areg

The proportion of hourly
o

- traffic volume against AADT

Lt L_1 1

5 E []
02030 5 - 00 150 200

~ Order | of ,h_ou'rilg volume

Figure 7-6 Ordering of Hourly Traffic Volume (Japanese Example)
(Source : JRF, 1984) -

In generxal, the traffi¢ volume decreases at a noticeable rate, but after
about the 30th to 50th hourly volume it becomes less noticeable, ., This
indfcates that, if the: 30th hourly traffic volume is taken. as design
volume, transport investment. becomes very economical, - e



The conversion: of AADT: to hourly 'design volume: is' made: by ‘using K-
factor, which-is the proportion (in percent) of the 30th highest- hourly
traffic volume against AADT. Japanese example of K:factor and AADT are
tabulated in Table 7-4, based on about 450 permanent survey statious.

Hourly Design Traffic. = AADT x = . sl ey B ety

Tabie'f-4_ Ttgnks of K-Factor and AADT (Jaﬁanese Examplé)'- 1980

Road Classifiéation _ AADT o K-Pactor

Build _up  (arterial) | 33,471 7.6 %

Build up (others) | 42,602 8.2 %

Rural _(.ar'terl.al) 23,923 8.5 %

Rural (arterial 11,893 9.6 %
mountains)

Tqﬁrism ‘ ' 8,70% - 15,5 %

Avex_‘é;ge . 24,430 9.7 %

I1f the traffic assignment is conducted on an AADT basis, K-factor is
used to convert the results into hourly traffic volume. Altermatively,
if hourly volume is used in an assignment the unit of '0-D matrix should
be adjusted to represent the 30th hourly traffic volume by using X-
factor, '

7.2.3 Road Density and Accéssibility

One of the major objectives of the highway planning is to improve
accessibllicy which can be defined as the degree of ease to reach land
uge activicies distributed over space. The level of accessibility,
then, is improved by overcoming the distance between difgereng land use
percels, Average spacing of roads or road density (km/km”, km“/ka®) can
serve as an Indicator of accessibility. The total length or aréa of
road per unit population is also used in Japan,

Different land uses require different degrees of road . déevelopment.
Commercial land use requires, for example, a more finer road network
than residentlal or industrial land uses. The formula used for this
calculation can be shown as follows:

L = r X A - Lb

where L ¢ required recad length (km)

Y ¢ adequate road density (km/kmz)
A : planning area (km)
Lo

¢ existing road length (km)

The road density can be standardized for different land use categories.
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Table-7-5 shows the road density (km/kmz) used in Japan for .arterial
roads:with'more than 4 lanes, . Table 7-6 is the street spacing guideline
in Tokyo for different land use : )

Table ?—5 Road Density of Atterial Roads (with more than 4 1anes)

7 Roé& Dehsity beréﬁd.U$e Tyée_(Km/kmz)
Size of City R R S e T T R S
: Residential Commer¢ial Industrial

Large city . o . S
(pop.: 1 mil. 2 ~ 4 5 ~ 10 2 - 4
and over) :

Medium city : ‘ o :
{pop.: 500,000 2~ 4 b ~ 8 2 ~ 4
to 1 mit.) : : :

Small city
(pop.: 500,000 . o2~ 4 ‘ 3~ 6 2 ~ 4
and under) :

Table f-s ' Street Spaéing.cuiéeline in Tokyo'

Area ' Spacing between
Classification networks (m)
High-density . o 500 ~ 700
residential avrea . : o .
Medium-densicy = . 700 ~ 900
residential area . o .
Low-density © 1,000 ~ 1,300
residential area : Ce

Gsp - ' , ; . 400 . 700
Area mixed with ' 500 ~ 1,000

residences, com-
mexce and industry
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7.3 Planning for Buses
Role of Bus Transport

Buses.play'an important role as public transport in urban areas
especlally when fixed track system (such as railway, light rail transit
© (LRT) is not available. The importance of bus transport seems to remain
in most Thail cities regardless of the increasing private car ownership.
Buses - contribute to efficiéent use ‘of wurban toad - space . and provide
indispensable means of mobility to Lhose without access to plivate cars.

There‘are a variety of types of buses operating 1n Thalland ranging
from: 'l to 5 'passenger -carrying taxi-like minibuses by.using pick up
van; which-1s beilng operated in Chiang Mai; and to 80 to 90 seater long:

distance :buses operating bhetween provincial cities. Standard stage
buses have capacity of 60 to 90 passengers : :

The characteristics of bus problems are somewhat d1fferent among cities.
Bigger clties face decreases of speed and reliab111ty due to traffic
congestion; this encourages passéngers to shift to private cars, and
decreased patronage éndangers the: profitability which reflects on
decreased sérvice level, Smaller citles are also facing decreasing
patronage due to increasing car ownership.: pevertheless bus transport
is indispensable to 'transport disadvantaged' population.

Bus Route,Planning

One of the most impertant measures in a bus improvement program 'is the
bus route planning. Bus routes are usually determined by bus operators
based on profit maximizing péint of view, but there are some theories to
work out optimum bus routes and their frequencies. An example work flow
based on such theories is shown in Figure 7-7.

( start )

— ) )

1. Set potential . _ 2. Prepsre
bus nstwark Bus 0.D.
{include locatlon " Matrix
ot bus stopsi

Nuebér of
buses avalladle

3, Determine bus

route &k Frequency

<::§§:;mun

id

Figure 7-7 Process of Bus Route Planning

(1] 'Transport disadvantaged people’ are those people who usually do
not have access to private cars.
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1. Set potential bus netwark including looation of - bus stops‘,

Z. Prepare bus passenge1 0 D matrix based on person trdp. snrvey ‘or
i bus passenger questionnaire survey

Fhl Ty

-3 Determino optimum bus ronte and frequency systém ,uisi

v

The problem of setting optimum bus route and frequoncy is:one of solving
and sorting.out a set of ‘conflicting situations. . Good bus ‘routé. system
ninimizes the passéengers’ need to. change the buses and:this: implies that
such a system should consist of as many bus routes as 0-D pairs. As the
number of - bus routes increase, . however, the - frequenoy of -each bus route
has  to. be reduced. due’ to limited resource; 'and  this.will .vesult {in
longer - watting time' for passengers ‘and: the convenlence of -bus service
will: deteriorate. From sthe. ‘operators . point’ of view ,bus . route. ‘system
needs to be: sufficiently sinple so as t6: improve operating efficlency

and minimize the ohance of running empty buses.

Related Bus Improvement Heasures .

Planning for bUSES require an coordinated approach other than bus rOute
-planning explainéd in the previous section. . Related improvement

measures are shown in Table 7- 7.

Table 7-7 Related Bus ImproVemenE.ﬁeasuros

Area of Improvemént .- - - Bus Improvement Measures

Bus Lane Improvement - . Introduction of: .. . :
' . = bus éxclusive lane. :.
« bus priority lane
- reverse flow arrangement
"« bus priority traffic signal

Bus Design : Improvement”of performance:
- acceleration ;
- comfortable running
Alr Conditioning
Comfortable Seats
Low Floor Height

Bus Operation : Demand ResponsiVe Operation
' Frequent Serviee
Reliable ‘Schedule
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7.4 TranspOrt Terminals and Other Modes of. Transport

PRI B I

Urban transport system As ; composed ‘of ., not oniy network but ; also;
terminals such as:. alrports, bus and truck terminals,_railway stationS,,
and docks and harbours, These terminals generate traffic and bring
impacts on transport nétwork.  The location of these terminal facilities
has to be balanced the spatial distribution of nunicipal functions and
the capacity of transport network

As was pointed out in Part 1, most of the transport terminals are thel
responsibilities .of, other central. government agencies,. but the transport
planner should bée fanfliar with their traffie generation characteristic,g
relation to other land use activities, and their locational impacts.: - -

Alrport

Airports are usually 1ocated at the urban fringe in Thai cities except
in a few cases such as Ubon Thani. Airport. -generates, both passenger and
freight related traffic. The airport-related passengers have thelir
other trip ends at most parts of the city area.’ The cities with big
tourlst industries. have strong inter-relation between airport and city
center where hotels are located. The alr cargo tends toé consist of low
weight and high value commodities such as high-tech related industries.
The related industries tends ‘to locate near the airport,

Bus and Truck Termznals L

In many- cities bus terminals are located within CBD The location is

convenient for bus’ users who usually are able to-find connecting means

of transport easily ~ Market place is one of the most common' land use

that has been lécated near bus terminals In Thailand. As a result the

streets around the bus terminals are often congested. . It .produces many
pedestrian traffic in this situation, and the planner should be aware of

pedestrian safety . , o Lio

P

Truck teérminals are generally located on the urban fringe along major
trank roads such as a national highway, Freight handled at the. terminal
is directly connected to factories,. warehouses, and in certain .cases, to
railway ‘stations, dock and sea-ports.

Railway Statxon ::

Railway- transport provides both passenger and freight services. . In most
Thai citles, railway stations are usually located within the city and
provide the passenger easler access to city centér. 1In certain ¢ities
such as Chilang Mai the terminal is on the fringé of the ‘eity area, but
buses and taxis ¢onnect to the city center. Gargo yard of rall freight
may haVe strOng connection to road and water transport system.j: -

[

Docks and Harbours

.—;).

Water transport 'has special significance for Thai cities which are
located along rivérs and canals._ The _cargo suited for water transport
is also sulted” for rail and . road transpert, therefore the roads
connecting these terminals may have high volume of heavy vehicles '

1-1%5



Planning for Other Mode of Transport

Consideration for other mode of . transport is also important in certain
clties. Related plannihg required for those citiés include. e ‘

. Railway (flxed track) System Planning
- Cycle Path Planning

Rajilwa Railway or fixed track sjstem is substantially moxe eéxpensive
to construct and operate compared with highway system. ' Thé key dissue in
railway planning is its economic and financial - feasibility Design of
route and stations 1s predominantly guided by ‘its technical feasibility
and financial perforimance: For these reasons separate feasibility study

is usually necessary.

Gycle Path. In certain cities of Thailand, the bicycle is an impoertant
mode of transport particularly for shorter journeys. . Four types of
aceomnodating bicycle track in Japan are shown in Figure 7-8.

\...,i.@\i.%% | MMNF M%
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Flgure 7—8 Gycle Path Based on Road Act, Japan

Gycle path should be considered for road with high bicycle traffic, and
consider given to the following points.

- Cohtinuity of ¢ycle path
- Segregation with'vehicular traffic

Exclusive cycle path is censtructed mainly for recreational purposes in
Japan,

7.5 ‘Traffie Hanagement Héasuré'

Traffic’ management is a complementary measure of road network planning'
in urban areas. It promotes better usé of urban road space. Theré is
limitation im urban space, especlally in CGity Center, and unlimlted
widening of city street is beth impossible and impractiCal " The
activities generally concentrated in city center and traffic demand is
véry high, but there ‘is a need to redute the traffic c0ncentration,
then; the use 'of private cars in the arei has to’ be discouraged.
Traffic congestion sometimes act’ _as’ an’ impediimert, but usually is not
sufficient to réduce traffic Flow. A . B
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World Bank in:its policy paper (1] reviews transport policies of
developing <¢ountries and examines the following weasure as demand

control. The list also shows the cities where those measures have been
fmplenented.

- Road priecing, whereby motorists are charged for using congested
. roads (Hong Kong)

- Avea :licahsing, whereby low-osccupancy vehiclés pay ‘to enter
congested city centers during rush hours (Singapore)

- - Physi¢al vestraints to discourage the movement of private cars
across clty cénters (Tunis and Goteborg)

- Parking controls to prevent long-térm downtown parklng by
comnuters but allow normal buslness activities (Singapore)

- User taxes on fuel to restrain the general use of vehicles
(Republic of Korea)

- Financial restraints on véhiclé_oﬁnéfship, such as high import
duties, sales taxes, or annual licénsing fees (Korea) .

- Land use controls to {influence the magnitude and type of
' transport demand (Curitiba and Bombay).

By foduéing on the better use of existing streets and highways, the
report introduces the following economical measures.

- Restrictions on parking, stopping, and street trading (San Jose
and Lima)

- - Prlority measures for public transport vehicles, such as bus-
only lanes and segregated rights-of-way (Bangkok)

- Better contrel of traffic movement-through such nmeans as traffic
signals -and signs, intersection Iimprovements, and pedestrian
walkways-backed up by the enforcement of traffic regulations
(Abid-jan)

- Road safety measures, inc¢luding analysis of accident data, safe
road design, inspection of moter vehicles, driver training and
testing, and road user education (Brazil, Chile, and Costa
Rica).

Implementation of the above listed meéasures requires coordination with
related agencies such as traffic police, therefore careful assessment of

their practicality should be made in the planning. Successful

implementation of traffic management, however, has been able to achieve

conslderable savings in commuter journeYQFimes and vehicle operating

costs, and especlally in fuel consumption

[1] World Bank (1986), Urban Transport, A World Bank Policy Study, The
International Bank for Reconstruction and Development/The World
Bank, Washington: World Bank

[{2) (ibid, P, ix)
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- . PART 8
EVALUATION OF TRANSPORT PLANS

8.1 Evaluation Process in Tranépbrt Planning

Evaluation process has a close correlation with plan design process:
Plan design process is guided by ’'design requirements’; plan_evaluation,
on the other hand, is. carried out by applying a set of ’evaluation
criteria’. Both design requirements and evaluation criteria are drawn
from common planning goals.

tvaluation of transport plan is the process of assessing the implication
“of proposed alternatives and measuring the expected impacts in terms of
monetary values, or more breadly, social values. (See Fig. 8-1).

Social wgeiDesign e-—==ete] Plan Design e
Values Requirements

L Evaluation Evaluation
CGriterion

Satisfactory
Plan ?7

Comprehensive
Transport Plan

Figure 8-1 Evaluation Process and Its Relation to Secial Values

There are three different situations in which evaluation of transport
plans are conducted. The first type is. ‘comprehensive evaluation’
approach in which a broad range of evaluation criteria, monetary or non-
monetary, quantifiable or non-quantifiable, are taken into account. In
this approach, the concept of ’value trade-off’ is handled implicitly by
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