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ADO AU

Urbanisation is inevitable and India 1is no
exception. The large concentration of population 1in big
cities have their probelms as known to all. The recent

trend of fast growth in medium size cities makes planners to

think seriously about these second order cities. These

cities, which have popultin in the range of 0.3 to 1.0

million, have been neglected so far in planning. In most

cities of this category, unplanned growth and their

implications in transport demand has become a serious

concern. Transport needs are function of land use, and with
. .

least planning imput in terms of planning a balanced growth,

chaotic situations are created which are likely to be more
acute in future. Land use transport models are the best

tools to derive relationships for better understanding of

transport consequences.

In this study the city of Allarabad has been

taken as the exapmle of medium size city. The master plan

developed by Town and Country Planning ODepartment provided

the proposed land use developments., The present land use

se

description for the year 1987 was obtained from the Town &

County Planning Department and a study done by Consulting

Engineering Services, New Delhi. All travel related

information was also avaialble for the present scenerio.

i



were used. Entire modelling was developed as an interactive

package with extensive graphic displays. Thus, both input

and model outputs can be presented in terminal of) throush

plotters for easy comprehension, for planners and policy

makers. The package has great flexibility in terms of data

input and choices of operation. The user friendly package
does not demand full understanding of the modelling process
\
for its operation. The beauty of the package is in its
,-"—‘_-\( .

capability of testing large number of alternative land use

B —— -

plans for their transport conseaduences in no time and the

presentation of results digramitically . This would remove

all 1inhibition of planners and policy makers

planning of medium size cities.
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Lowry model is probably the most popular model due

to its operationality, and this model was selected for this

study. The model was calibrated for the base year data of
Allahabad using similar allocation functions forr residential
and service allocation. The calibration was done with

respect to observed travel while good match of popultion and

employment were ensured. ' The model provided acceptable
degree of fit with high correlation.

With the help of proposed Master Plan and other
planning controls set up by the Development Authority,
alternative land use plans were developed. Using the concept
of guided development for transport advantages, the city form
was recommended with neighbourhood philosophy. Thus, three

alternative plans were evolved. The structural patrameters of

the economic base mechanism were not changed as they

were
assumed to be stable. However, density and plannming controls
were varied. The forecast for Basic employment were used as
available {EBm the Development Authority. The calibrated

model was run for alternative land-use plans and theilr
transport inplications were compared using the measures like

mean trip length and actual prattern of travel generated.

While deriving the transport concequencesthe planning

controls , like density and holding capacity constraints were

applied.

As the calibration and subsequent testing of

alternatives require huge computations, computer programs



were used. Entire modelling was developed as an interactive

package with extensive graphic displays. Thus, both input

and model outputs can be presented in terminal c{) through

plotters for easy comprehension, for planners and

policy
makers. The package has great flexibility in terms of data
input and choices of operation. The user friendly package

does not demand full understanding of the modelling process
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for its operation. The beauty of the package is in its
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capabillity of testing large number of alternative land use
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plans for their transport conseauences in no time and the
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presentation of results digramitically . This would remove

all inhibition of planners and policy makers regarding

planning of medium size cities.
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11 GENERAL

Trends of urbanisation in India show a
rapid growfh of big urban centers. Data reveals that th§re
has always been a major share of uhban population in class I
cities. Further, the old metropolises are reaching a

saturation level. Migration from rural to urban centers,

which_is the major cause of large population concentration in

urban areas, is now being felt by the next order of urban
centers. This trend wiil continue for a 1long time to come
(Fig.1.1). Also,since there is not much being done in the
form of planning inputs for these cecond order urban centers,
this will result in the sprawling of the existing urban areas
and the growth is bound to be haphazard, mainly in terms of
land~-useand transportation needs. Problems faced by the
larger cities clearly establish a genuine cause of concern
for the medium cities. Also, this provides a real timely
vwarning to act and save these urban areas from followin; the
same disastrous course which their larger

counterparts had

inadvertently followed and got into the mess they are in

today.
B T T I T T
THHIONAL LANDTUSE I RANSPORT PLARNRNIRNG

Traditionally transport planning and

land-useplanning are considered as packed in two tight

compartments. Transport network is planned for a given land-use.
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distribution. No effort is made to see how the land-uses can

be manipulated so that the optimum distribution of traffic is

obtained. Overall, traffic is a function of land use. To

gauge the é%fect of a land-usedistribution on transportation
network alternative land-usepatterns will be regquired to be
evaluated in terms of their tranmnsportation requirement. In

physical planning, often it becomes difficult to identify

whether land-useor transport comes first. Normally, the

master plan showing the land-usewith necessary forecasts

will be available from planning agencies, which remains as

exogenous input for transport planning. Though the suggested

land~usemay have been arrived at by looking into the

alternative development strategies the choice is never based
on desired implication on transport facilities. This was
primarily due to lengthening computational requirements. By

deploying computers the impact of alternative land-use

patterns on transport network can be seen with great economy

~of time and resources. In this process, detsiled network

improvement plans can also be developed in relation to the

land~use plans.

13 RESEARCH PROBLEM

There is a need to realize the integrity

of land-useplanning with the transport planning and to

develop such a flexible approach =Ye} that a number of

alternative land-usedistributions can be evaluated in terms

3



of their implications on transport system. This will reauire
a powerful but operational techniaue which would require data

available at secondary sources. Once developed, this should

>

enable the planners and politicians to make necessary

planning decisions for the existing as well as future needs

of a city in this regard. Further, this approach will allow

policy makers to conceive planning in an integrated way.

The most popular land-usemodel is the Lowry

model and it is proposed to use this model in this study for

the specific advantages discussed later. The methodology of
Integrated land use-~transport planning is proposed to be
demonstrated using the case of Allahabad City. To make the

technique flexible and useable for the medium size cities -an

easy method for not highly qualified staff will be reqgquired.

Further, the output from the analysis should be in a most

comprehensible format for technical and non-technical policy

planners and decision makers and graphic powers of the small

personal computers can be suitably used for the purpose of

developing an interactive package.

COPE

(o)

14

Traditional transport planning process

consists of four basic steps which include : trip generation,

modal split, trip distribution and trip assignment. This

process involves a lot of computational work which restricts

the evaluation of alternative type of land-usedistribution.



3. To develop an interactive package with extensive b

graphics for easy comprehension of the results.
4. To predict transport implications for the forecasted

land—-use distributions under regulations pertinent to

density control.

16 LIMITATIONS

1. Only road network shall be considered, because
there is no urban railway system. However, for other
cities where urban railway system exists this

methodology can be equally applied.
2. Only intra city travel shall be considered.

3. Existing land—~use shall Nnot bedistributed for
reallocation. Predicted land-use activities shall be

deployed for generating alternative land-use options.

17 OrcamsaTiON OF ThESIS:

Chapter 2 defines the medium size cities, and the
study for Allahabad has been justified and Allahabad has been
describe& in detail with all the available data. Literature
has been reviewed in chapter 3. Also some operational mnodels
are briefly discussed. Chapter 4 is devoted to the selection

of the model for the work and its development for Allahabad
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14 SCOPE
Traditional transport planning process

consists of four basic steps which include : trip generation,

modal split, trip distribution and trip assignment. This

process involves a lot of computational work which restricts

the evaluation of alternative type of land-usedistribution.



Further, these technigues have so far been applied onlyfor
metropolitan cities. In medium size cities, which with the
passage of time are going to face numerous transportation
problems, this aspect of planning is generally neglected or
almost done intuitively.

The approach suggested in this work will be a
flexible one. This will allow the planners to examine travel
pattern for any number of land-usedistributions from which
land-usegenerating minimum travel demand can be cho%gea///
Attempt will be made to use the minimum possible data and
keep the model operational so that its data requirement will
be from secondary sources only. Further, this will

"illustrate as to how these models can be applied to a
practical situation. This will certainly be helpful in the

planning for transport for any city of similar types.

The major objective of the study is to
demonstrate the use of Lowry model to derive the transport
implications from alternative sets of land-usedistributions.

Thus, the detailed objectives are as follows.

1. 'To calibrate a Lowry type land-use allocation model

for Allahabad city.

2. To assess the transport implications of different

landuse distributions in terms of amount of travel

and the pattern of travel in the city.



with brief description of the calibration process.

Preparation of Future Alternative Land use distributions are

described in charter 5 and the model developed 1in previous

chapter is applied to see the transport implication of each

type of land-use distribution. In chapter. 6 the computer
package developed for the work is described in detail with
all the facilities available in it. Chapter 7 concludes with

the observations made in the study. Also recommendations for

further studies has been given in this chapter.

”



Allahabad falls in the category of medium size
cities which faces some transport problem along the major
corridors and in the central city. Population of Allahabad in
1987 was 809138(according to TCPD,Allahabad). From.the trend
of population growth (Fig.2.1) it can be seen that its
population is rapidly growing. In 2001 its population is
expected to be 12.10 lakhs .Study of this city will show a
way as to how the problems of this cla;s of c¢ities can be
approached. Seeing the trend of urbanisation in India it
can very well be assumed that in future this cit§ is
certainly going to face an acute transportation problems
requiring distinct planning inputs. This will help in
taking policy decisions for future and efficient functiqning
of the city. Also much of the required land use and travel
data was available. All the above reasons stimulated me to
choose Allahabad as a study area for the purpose under
reference. However, this type of study can be done for any
type of urban area.

P
T F

. LOCATION

Allahabad is located in Uttar Pradesh(U.P) province

in India at the confluence of sacred rivers Ganga Yamuna

and
mythical Saraswati. Its location in India and UP is shown in
Fig.2.2. Fig 2.3 shows its link with the other parts of the

country and its nearby cities.

9
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2. STUDY ARCA AND 1775 ZXISTING 1 1iUN

It has been observed that cities having
e

population less than 3 lakhs, generally, do not have any
major transportation problem. On the other hand, twelve
metropolitan cities( in India)lneed special treatment in terms
of land use transport planning. The second order cities face
an acute problems d;e to large popu;ation concentration,

migration vis-a-vis less planning input.
According to Tambe(*) and Patanakar(**) the medium
size cities are those which in the population range of 3 to
10 lakhs. There are 57 such cities in India (census of india
1981). Rapid increase in the population of these oentérs
would require large amant of capital investment to provide
the services to the inhabitants. To ensure that the limited
resources at our disposal are bpest utilized to provide
maximum benefits per unit of investment, it 1ic desirable
that we plan expansion of the aforementioned urban
communities well in advénce. Land- use and transportation
‘network being the most crucial component of an urban
community their broper planning would go a long way in

conserving the scarce resources and ensuring the optimal use

of the same.
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The genesis of the city could be traced back to

the Mughal reign at the end of the XVI century, whence the

T T L e

cityrhad started crystalizing to a permanent physical shape.
With the establishment of provincial Head Quarters here under
the British regime. Important developments took place in the
fields of education, administration, trading and commerce.iAt
the beginning of 19th céntury A.D. Allahabad waé made an
important Military station by the Britishers. The transfer of
the seat of government and the High Court from Agra in 1956
and 1868 respectively led to the creation of a number of
government offices which gave the impetus for the rapid
growth of the city. The Municipal Board was created in 1863
for improving the conservancy arrangements and generally
promoting the welfare of the city. Allahabad Water Works was
Commissioned in the year 18%1. The creation of Allahabad
Improvement Trust in 1921 for environmental up gradation was
a direct consequential measure of the bubonic plaque which
hit the city at the onset of the century lowering the
population tables drastically. A slight set back to the' fast
pace of development of the city was observed with the
transfer of the seat of government to Lucknow in the late
thirties. The city registered a steady growth after
independence, boosted by substantial influx of the displaced

persons and within two decades population rose by 65% from

about 2.01 lakhs in 1941 to about 4.31 lakhs in 1961. The

14



educational and trading fields has _-been significant over

time. The massive congregation of millions of pilgrims from

all over the country at the "Sangam" (confluerce of three
sacred rivers namely Ganga, Yamuna and Saraswati) is
witnessed every six years and twelve vears; the festive

termed as "Ardha Kumbh"” and "Purna Kumbh" respectively. Along
with these age old traditions, the recent expansion of
industrial base of Allahabad and its unique location in the
transport network of the northern region,have influenced the

socio-economic and physical characteristics of the city.

According to 1981 census the area of Al lahabad urban
agglomeration is 82.18 sq.km. The area of Allahabad
[ — e J— .

Municibpal Corporation is 62.94 sq.km. which has not changed

——

since 1960. Subedarganj railway colony is spread over an
area of 0.93 sg.km. and the area of Allahabaq Cantt. is 18.31
sa.km. In the Allahabad Master Plan (1967-1991) four major
areas had been identified as the potential areas for future
growth of urban activities. These were Phaphamau and Jhusi
across river Ganga and Naini across river Yamuna and
Subedarganj in the west Phaphamau and Naini are within the

municipal boundaries of Allahabad.

2.4 DeEMocraPHIC DATA
241 DEMOGRAPHIC ProFiLs

. The district of Allahabad is one of the five

districts of Allahabad division spread over an area of 7,261

19



sq.km; it stands 8th in area and Ist in population amongst
the 56 districts of the state. In 1951 the district of
Allahabad stood sixth in the state in respect of population
and it was ranked fourth in 1961 having a population of
24,38,376 persons. As given by 1981 census, the total
population of the district of Allahabad is 38 lakhs out of
which approximately 30 lakhs persons live in rural gras and 8
lakhs persons in urban areas, bearing a proportion §f éoz and
20% respectively. Urbanisaation in the district is 20%
which is higher than the state as a whole (17.9%). The
total population of Allahabad urban agglomeration is 6.5
lakhs out of which 2.9 lakhs are males and 3.58 lakhs are
females. In view of the declining mortality rate and
almost constant birth rates we can expect the natural rate

of increase to be approximatelx 15% -~ 13% per decade.

242 ZONE WISE POPULATION DiSTRIBUTION

On the basis of census data and some data
collectéd .by the Town & Country Planning Department,
Allahabad, (TCPD) it is seen that Population density varies
from approximately 55,000 persons/sq km in zone No. 8 which

includes Malviya Nagar, Atar Suivya, and Chock Gangadas to

1995 persons/sq km in zone No. 18 i.e. Sadiyabad.According

to the Town & Country Plarning Department, Al lahabad, the

total estimated population of Allahabad Municipal

Corporatioh is 8.1 lakhs. For estimating 2001 population, it

et et e
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s
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s 2SS4 that zones having a population density of
Than 70,000 persons per  sd. km. will have negligible
zero growth rate. Medium density zones and high mec
density zones will grow at an average growth rate asst
for 1985-91. Average growth rate of high density zones 1is
assumed to be 3% per vyear. Based on these growth rates

the estimated population of Allahabad in 2001 is 12.10

—~—

lakhs. Based on their estimates there are 10 zones having
a population density of 30000 or more out of which 5 zones
have a density of 70000 persons per sqg.km. There are 9
zones of high medium density (10000-299%99). Zones Nos. 1,2

and 24 which were earlier low density zones having a density

of less than 4000 persons per sg ki have gained population
and can be categorized as medium density zones having a
Dopulétion density of40000-99999 persons/sa km. A large

Dortion\df the population growth was expected to occur in
Naini owiné\;o its development potentialities in 1967 Master
Plan. However ?he growth rate has been much lower than
expected although_it has already.developed as an industriél
complex. It has direct linkages by northern and central

railways with the indugtrial and commercial towns of West

Bengal and Southern Ihgia. The major roads viz.,

National Highway No. 27 .and Mirazapur road connect it

directly with Madhya Pradesﬁ\and other southern parts of

Allahabad region. In general the density of all traffic

zones have increased except three traffic zones which -
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density zones will grow at an average growth rate assumed

for 1985-91. Average growth rate of high density 2zones is
assumed to be 3% per year. Based on these growth rates
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lakhs. Based on their estimates there are 10 zones having
a population density of 30000 or more out of which 5 zones
have a density of 70000 persons per sd.km. There are 9
zones of high medium density (10000-29999). Zones Nos. 1,2

and 24 which were earlier low density zones having a density

of less than 4000 persons per sq kin have gained population
and can be categorized as medium density zones having a
population density of40000-99999 persons/sa km. A large

portion of the population growth was expected to occur in
Naini owing to its development potentialities in 1967 Master
Plan. However the growth rate has been much lower than
expected although it has alrealedevelooed as an industrial
complex. It has direct linkages by northern and central
railways with the industrial and commercial towns of UWest
Bengal and Southern India. | The major roads viz.,
National Highway No. 27 and Mirazapur road connect it
directly with Madhya Pradesh and other southern parts of
Allahabad region. In general the density of all tﬁaffic

zones have increased except three traffic zones which have

17
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experienced loss of population. However the density profile
has not changed i.e. the average population of high density
zones (30000 persons/sa.km.) has increased from 645,345 to
52,929 but the total number of zones having a population
density of more than 30000 persons has not changed.
Similarly the average density of medium density zone has
increased from 15211 to 17312 and low density zones less
than 10000/sa.km. and high medium density zones have
grown at a higher rate than the high density zones kmore
than 30000 persons/sé.km.) Population density of different

zones are given in Table 2.1.

243 DEMOGRAPHIC CHARACTERISTIC

Sex composition of the population has changed

significantly over the years. Compared to 56% of male
population in 1961. It had declined to 45% of the total
population in 1981. The average household size is 5 peréons

per household with a total number of 112,693 households 1in
Al lahabad Urban Agglomeration. In 1981, nearly 69% of the
total population was literate, which is much higher than

the national average and reveals the potentialities of

semi~skilled and skilled labour force which is required in

the changing economy. A large portion of the literate

work force can be employed by the expanding secondary and

tertiary sectors of the econhomy.

18



Table 2.1

Base Year Population and Density of different Zones

Zone Population ‘ 1981* Area Density
Nos. sq.km. persons/Acre
1 30247 8.24 15
2 17418 5.16 14
3 30130 2.12 57
4 23875 1.44 67
5 31355 0.80 157
6 32035 a.52 247
7 31356 1.56 116
8 37470 0.68 220
°] 34339 g.88 156
10 33951 0.80 170
11 18449 1.60 47
12 28003 4. .44 25
13 17180 3.16 , 22
14 14673 2.00 29
15 30586 2.60 47
16 17044 1.12 61
17 18363 3.52 21
18 18485 .24 12
19 30839 3.72 33
20 39026 2.84 ' 55
21 13936 1.12 50
22 10260 0.48 86
23 23598 0.68 139
24 33426 10.76 14

* CENSUS OF INDIA - 1981
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Lanp-Use PATTERN

The development of Allahabad is largely guided by
the physical constraints. The courses of the rivers
have limited the expansion of the city along three sides and
the only possibility for expansion of the city is along
the Ganga loop in the nortﬁern boundaries, and towards the
west of the city. Besides rivers the egistenoe of a
number of railway tracks have divided the entire city in a
number of segments. The high embankments of the railway
tracks have given rise to poor accessibility between the
different segments and thus the entire c¢ity could not

develop on an integrated pattern.

The existing land-use reveal a wide disparity

in the intensity and pattern of land utilization. The
€Civil Lines area stand out in contrast to the other areas
with well organized road pattern, amenities and
relatively lower density with larger holdings and

accommodating most of the institutions and public offices.
While the older parts and parts on the south of the Main

Railway line are organically grown and intensively developed

with the associated blights and deficiency, the 1limiting

physical factors on the main land have been responsible for

the development of Naini, Jhusi and Phaphamu across the

rivers Ganga and Yamuna. These places are showing fast

developments, out of which Naini has the maximum potentials.



Junhsi and Phaphamau is out side the municipal boundary and
excluded from the studx area.

The land-use survey of the city was carried
out by 'T C,P D which includes the éntire area (24.20) sa.m
within the Corporation 1limits. Table (2.2) and Table (2.3)
presents the broad land allocations in 1987 and also as
envisaged for 2001 A.D. respectively. Since the preparation
of Master Plan Qas on progress only some of the land-use data
for 2001 was available . All the data were available through

Town & Country Planning Department, Allahabad.

26 TRANSPORT NETWORK :

Allahabad 1is well 1linked with rest of Fhe
country by well established rail routes, inter-state highways
and air routes. Since the city is surrounded‘ by rive;s on
three sides, the railways and road bridges across Ganga and
Yamuna from the entry points facilitates the movement of
passenger & goods, men and material to and froﬁ the city.

Fig. (2.4) shows the detailed transport network in Allahabad.

Allahabad 1is unique ‘among the KAVAL towns of U.P.
in that it is the only city which handles on one hand the
east and west traffic of the Ganga plain and on the other
hand links north eastern India with the Deccan. Two
National Highways traverse through the city forming important

links. National Highway No. 2 8lso known as G.T. Road

21
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Table Ro.2.2
Base Year (1987) Laud-use distribulion

S. Land-use Aren Percent
No. Category (In Hectares)

i. Resildential 3014.10 53.7
2. Commercial(whole sale) 167.50 3.0
3. Industrial | 477.00 8.5
4. Govt. Establishments - 310.00 5.5
5. Recreational 121.00 2.1
B. Public & Semi-Public Facilities 306.10 5.5
7. Degree Level Education 58.00 1.0
B. Technical Education 208.00 3.7
8. Health (general) 37.10 0.7
10. Health (specalised) 3.00 0.05
11. Utilities 31.00 0.6
12. Railway 582.40 10.3
i3. Bus Terminal 3.00 0.05
14. Truck Terminal 37.00 0.70

, ' N
Source: Town & Country Planning Department, Allahabad. ~-
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connecting Delhi to Calcutta passes through the heart of
Allahabad city. National HighQay No. 27 connects Northern
India with Deccan passing through South Western region of
Allahabad.

The establishment of the military cantonment
during 139th century, necessitated construction of new
roads, railways and bridges. The city area, north of railway
line was developed during this era in a grid iron pattern.
The rest of the city area are served by an ihefficient
road network of irregular pattern.

A link between the Civil Lines and the Fort is

() [‘5

~

provided by the east west extensions of Mahatma Gandhi

Marg. The important settlement of Katra, Colonelgani .is
linked by the Jawaharlal Nehru Road to the holy c¢onfluence
and the fort- The Triveni Road is another important
approach road to the sangam. Other east-west alignments aré
formed by Kolhantola Street, Panchkroshi and Shankar Lal
Bhargava Road which run parallal to G.T. Road and Triveni
Road. Apart from these, the other important east-west
alignment are Leader Road, Maharshi Dayanand Marg, Zero
Road, Beni Bandh Road, and the Yamuna Bank Road. The main
roads of the city running north-south and linking the
G.T. Road with the Yamuna river are the Noorullah, the

Attarsiya-Kalraha Ghat, the Sheo Charan Lal, the Tilak, the

Ganeshwatica and the Laxmi Narain Road. The Johnstonganyg

and the Kamla Nehru Roads connect chowk with Katra which



is.an important neighpourhood centre of the city. The roads
linking chowk to the district court and the University are
the Motilal Nehru Road, Kulbhaskar Ashram and Swami
ViVekanan§a Road.

The shortest path time and distance matrices of
interzonal travel. The total trip matrix was also available

which include travel between each pair of zones combined for

all purposes. Since the land-use transport model used (Lowry

model) has interaction in the form of travel for work and

g——————rrn.
retail shopping purposes, the calibration process would
require a trip matrix representing these travels only. Thus,

assuming that work and shopping comprises 65% of travel in a
e ——

medium size city, the trip matrix available was sliced for

use in study.

27 TraveL PATTERN :

Traffic zones, required for planning purpose were
delineated by the Allahabad Development Authority on the
following basis:

i) As far as possible, thé traffic features zone 1include
homogeneous population and landuse groups.

ii) Certain important topographic features, such as ,railway
lines ,river, nallahs and roads were used asn zone
boundaries, as such physical barriers exert a profound
effect on travel patterns particularly with respect

to within city trip.
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Zone boundaries are made to conform to administrative
boundaries such as municipal wards, as far as possible.
Since data for population, employment and other
factors affecting travel generation are generally
compiled for these administrative units, it becomes
convenient to relate travel with these factors. Thus,

twenty four traffic zones were formed for Allahabad as

shown in Fig. 2.5.
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3. REVIEW OF LAND-USE TRANSPORT MODELS

31 INTRODUCTION :

A model is a §implified abstraction of reality. It
is used to gain conceptual clarity, to reduce the variety
and complexity of the real world, to a level where the
process can be understood and clearly specified. It is
valuable in the sense that behaviour of a system can be
simulated in the circumstance when it 1is not possible to
construct or experiment with a real world situation.

Models are of two types, i.e. physical models and
abstract models. Physical modeéls are more easily unders?ood
and with which most people are familiar. These models are
scaled objects, (usually scaled down) which are tested under
different conditions that arise in reality.e.g. models of -
multistoried building, cooling towers, dams etc. are tested
in laboratory which helps in predicting the behaviour of
actual structure.

Abstract models, are the ones in which a real world

situation is represented by mathematical relationship rather

than by physical objects. In this type of models real
processes or behaviours are simplifiéd to manageable
proportions. These are normally the relationships among

different stimulus and response variables in a generalized

form. In short it can be stated that all models generate



systematic way of understanding to unfold intricate

relationship in natural and man made systems.

This type of models are very useful in urban
planning field, where urban behaviour and functional
relationships are to be established. As cities can be thought
of as interrelated collection of individuals and
organizations. The individuals create demand for residence,

RN
(iiiij shopping and recreational facilities and these needs

are supplied by a variety of private enterprises and public

institutions. These two component of urban structure are bound

together by flow of beople, goods, money and information.
This whole structure can be referred as an urban system and
each component of it as subsystem. Such a system 1is very

complex and dynamic, as system behaviour keeps on changing

with time.

32 RoLe oF MopeLs IN PLanmma Process:

According to Chadwick(*) :-

"Planning is a conceptual general
system. By creating a conceptual system
independent of but corresponding to, the
real world system, we can seek to
understand the phenomenon of change.
Then to anticipate them and finally
evaluate them to concern over-selves with

the optiTization of the conceptual
system”.

There are many attempts made to identify a structure

~_for the problem solving process in planning field. Patrick

3U

*

CHADWIK, G., A Systems View Of

Planning, Pergamon Press
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Good descriptive models ~are of scientific value
because they reveal much about the structure of the urban
environment, reducing the apparent complexity of the observed
world to the coherent and rigorous language of mathematical
relationships. For example the data for household income 1is
difficult to collect and therefore a descriptive model can be

used. It has been found that household income depends upon

33

the other measurable variables. So a simple model can be made

as

In=a + bRn + C Zn

> bl

In ~ average household income in a zone ’n

Rn - average rateable value of residential properties

> ?

in zone 'n

Zn - average household size in zone ’n’

a,b,c are constants to be determined empirically.

This model cannot be used for forecasting as an
average rateable value of residential properties in a zone
is subject to planning policies and changes from time to
time. Also, the average household size will change (may be
due t§ extension of education, increase in working women
etc.) with time. Thus, this relationship will distort with

time, and hence, this model is a good descriptive one but not

a predictive model.
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Predictive models are required to simulate future
situations although they operate in the same way. Only those
relationships which can be expected to remain reasonably
stable over time should be used in forecasting models and it
should be constructed so that cause and effect phenomenon are
reliable. It might be found that there is & reciprocal
relationship between car ownership and infant mortality, but
it is not reliable relationship and can not be wused in
predictions, instead relationship between household income
and car ownership is reliable.relationship and can be used in
forecasting. In forecésting,ﬁincome plays the role of cause
and the car ownership Fhe effect. .Nhere the cause and effect
can not be clearly separated because of high interaction,
between the variables, the results must be interpreted Qith a
great deal of caution.

Planning models are extension to forecasting
models. The'differéncé is that they not simply tell us what
is likely to happenh as a result of certain assumption, but to
tell the range of performance that is possible in relation to

defined objectives. It means that planning models have a

built in certain constraints and goals. The model might be
designed to produce the plan which has the least capital
cost, or which keeps the journeys to work at a minimum. It

might have constraints built into it about the density of
development to be allowed, about the location of certain kind

of activities, the amount of traffic to be generated within a

34



39
given area or about the maximum length of journey to work that
can be permitted. The output of this kind of model is very
much a reflection of what the planner thinks desirable rather

than a simple projection of natural forces, and is the most

useful type of models.

As a mathematical model represents the behaviour of
a real world system by symbols and numbers, if we alter the
inputs according to the some policy, we can see the affects

of the policy. Computer aided models within the planning
process ére not just a black box approach to planning, in
which the analyst feeds information and obtains a series of
alternatives and details of cost and effectiveness of each
alternative. The application of models to planning is' not
intended to replace expert judgmént. It attempts to provide
a systematic approach which help the decision maker to choose
a course of action by investigating his problem, searching
out alternatives, cbmparing them and choosing the best among

- them to fruitful and desired objective.

However, there are certain limitation in the use of

models in planning. Generally, the limitations are due to

inadequate understanding of the real world system and how to

represent and manipulate it with the help of computer. The

limitations are also imposed by the data requirement of a

model. Generally, data requirement is so large and

disaggregate that special surveys have to conducted.



o
33 CLassiFicaTion OF MoDELS ¢ 36
Classification is done according to the issues
based upon, the substantive issues and issues reflecting the
techniques and style of modelling. With regard to
substantive issue distinction can be made between partial and
general model, optimizing and non optimizing, micro and macro

and static and dynamic models.

331 ParTiAL AND GEnERAL MoDELS
Partial models are those which  simulate one
subsystem of a system and general models are those which

simulate more than one subsystem of a system.

332 OPTiMiZING AND NON-OPTIMIZING MODELS

The model which 1locate activities 1in an . non
optimizing way is called non optimizing model. Most of ‘the
models fall under this category. But certain models which
attempt to simulate optimizing certain activities, are

~optimizing models.

3.3.3 Micro AND MACRO MODELS

Models are micro or macro are connontated on the
basis of aggregation of activities not on the basis of the
spatial dimension under study. The micro urbhan models
involve theories attempting fo explain the behavicur of
individuals where as macro models deal with

Sroups,

institutions or larger aggregations of activity. This 1is a



useful indicator as to the amount of data required for

calibration of an urban model.

334 ST!-;,TIC Arnp DynamMic Mopere

When a model describe the structure of the system
at one cross section of time it 1is static. Most of the
models used in planning are of static type. But some
models incorporate the time component in its structure. This
type of models are dynamic models. These are more rational
than static one as they use time series data of the phenomena

modelled.

335 LINEAR AND NONLINEAR MODELS

Design issues of urban modelling mainly invo;ve
technical factors converting the mathematics formulation and
solution procedures used. On this basis, generally, models
are classified as linear or nonlihear models. Statically
based regression models are 1linear in contrast to the

intrinsic non-linearity of gravity type models.

Classification according to solution procedure can
be made as analytic or simulation procedure. Analytic
sclution procedure do not require any form of iteration and
the results are directly obtained by solving equations. But
in simulation process solution is obtained gradually after a
number of iterations. Mostly, models are solved by

simulation process harnessing the efficiency of computers.
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that "The law which governed matter in all its forms. wuhathar
_t':_rlgi:,_o_f_,coal-,——cray‘,‘"’i?_b_ﬁ , pebble, stone, tree, oxen, horses
or men, is the same.” He formulated the gravity model
stating that " Gravitation is here in human society as
everywhere else in the material world, in the direct ratio of
the mass of c¢ities and inverse ratio of the distance.”
Ravenstein (1885) formulated the first model of migration
following the analogy of Carey. Then comes the retail
location models by Reilly (1931). This model do not predict
the location of shopping centers by the flows of peop;e from
certain origins to a given destination. Thus ,this includes
only transport component in it. Hansen and Lakshmanan market
potential model (1965), is based on the same concept. ‘This
treats explicitly the flows of money between one origin and

destination. Model can be expressed as :

A d_ .
J 13
P. G,
Sij = i i & 7
ra -i3
A d.'.
ab 3 1)
n
S ~— flow of money between zone i and zone j
ij
Pi population of zone i
Gi mean expenditure per person in zone i
A

3 attraction of place j

ij distance between i and j

o 7 parameter to be determined at calibration
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Hansen(1859j, developed accessibility model based
on gravity concept. Lowry (1964) used this concept 1in the

déVETEEﬁEﬁEFE?—model of a metropolis for Pittsburgh. This

model is later dealt in detail.

342 PeEnN-JERSEY MODEL -

This model was originally designed to simulate the
locational behaviour of different house types in the Penn-
Jersey Transportation study. This was abandoned by that
study in favour of other approaches but its development was
resumed at the Institute of Environmental Studies, University
of Pennsylvania. Originally it included all a;tivities and
their distribution to be simulated over a set of time K period
in such a way that their distribution was sensitive to
‘changes in the transportation network. But of enormous data
requirement and conceptual difficulties és well, all
residential activities were'dropped and treated exogenously,
. and the deyelopment of model concentrated on the simulation
of residential location . This model fallgin the catégory of

partial, -optimal and linear model. It - simulates the

residential location based on econcemic theory that individual

40

household tends to maximize their local advantage and at the

same time land is allocated to that group of households which

can pay the highest price for it. The equilibrium location

of household is based on maximization of satisfaction which

is generated within the constraints imposed by their budgets.



Linear programming techniques were used to make the

model operational.

TREATMENT OF TIME:

Regarding the time, it is quasi-dynamic model.
The total relevant period is subdivided into a number of
short iterative periods. To avoid complexity and at the same
time to obtain proper interaction among land-user, a period
of one Year 1is taken. In this iterative period, the number
of households are located and the land expected to be

available for residential use is forecasted exogenously.

DATA REQUIREMENT

This model is probably one of the models that
require large amounts of data. Households are classified by
incomes, pattern of consumption preferences and patterns of
daily movement, an inventory of all residential sites in the
region grouped into districts such that sites within a given
district are homogeneous with respect to size of 1lot, type

and quality of structure and neighbourhood amenities. Also,

for each district, accessibility to alternative destination

sets must be calculated.

MopeL F QOM
n

The model attempt to maximize total savings in

locational rents subjected to constraints. First constraint

is the availability of land. Second 1is that all the

41



—ppe}eeted—household_gcoups~should pe located even though some

household groups have negative or zero rent paying ability.

2

All the above things can be express in the mathematical

form as :

K
= z X, (b, -
Maximize Z Z Z ih( in c. )

Constraints are

N Wy |

T [~
Py
=

S. X,
ih ih

i.e availability of land constraint

)Lk
X. = N,
k h ih i *
k .
and for all X, =Z O
ih
X%h —  households of group i using residential
i
accommodation type h in zone k .
b,a— residential budget of household group 1 using
1 .
residential accommodation typé h
k
cih———vcost to a household of group i using residential
accommodation type h in zone Kk
Sih — land for household group i using residental
accommodation type h
K .
L — total land in zone k
Ni-— total number of households group i
COMMENTS
This model requires a large amount of data which is
impossible to get without special survey. Also, it does not

give transport element which is required for the work.
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Calib. cieawsy v viiao wuwuel 1s a~tedious job. However, there
is no doubt that the builder of this model had gooﬂ\inéigﬁf of
urban phenomena.
343 EMPIRIC MopeL |

It is formulated by Donald M. Hill for the Boston
Regional Planning Project in order to develop a comprehensive
development plan for the greater Boston Region (USA, 1965).
It falls under the category of general, linear and non
optimal. It is designed to distribute or allocate externally
supplied growth forecasts of activities such as population
and employment among the zones. This process of allocation
takes place as local changes occur in the quality of public
services and transportation networks as well as changes  over

time in activity total.

TREATMENT OF TiMt
Regarding the time factor it is also a quasi dynamic
model. It is operated recursively in a series of short

steps, where each step depends upon the results of previous

steps.

DATA REQUIREMENTS

It requires data of population classified in two

categories.

- White collar population



and data of employment in three categories

- Retail and wholesale employment
- Manufacturing employment.

- All other employment

MODEL FORM

"The concept of this model is that development
pattern of urban activities are interrelated in a s;stematic
manner which provides a reasonable basis for their
prediction” (Benjamin Reif 1973). The model theory can be

expressed by the following equation

< <
R,= R+éb 2 or O0Z
'éa 3 G or 83 )
i, = 1,2 oiiei.... N number of located

variables ( i.e. variables to be located by the
model e.g.population and employment)
K=1,2 ....M number of locator variables
( i.e. variables whose presence or
absence influence the amount of one or
more Jlocated variables in each ;one,
such as accessibility, sewage
facilities etc. )

Ri or C;Rj is the change in ther level of i or j th
located variable over the calibration or
forecast trend

Zk - level of locator variable at the beginning

of calibration or forecast time interval.
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ZLZK- change in the level of locator variable at
the beginning of calibration or forecast time
interval.

a b, - coefficients expressing the
interaction ships among variables.
COMMENTS
In this model future population and employment are
exogenous variable. It also requires the environmental
changes of the area during the forecast period. Data
required for this model is at disaggreate level which can not

be ggt through secondary sour%gs.
i

344 Lowey MoDEL

——

I

Lowry model was made as a part of study of the
Pittsburgh regicn and consisted of a series of equations.
It falls under the category of general, nonlinear and non
optimal models. Equations are used for allocating and

. generating land-use activities.

TREATMENT OF TIME

Regarding the time factor, it 1is static. It
simulates the pattern of total development and the associated
serQioe centers within the area under study, at a particular

point in time.

Data REQUIREMENT



is an exogenous variable. It can be derived from a given
land-use with it’s intensity.e.g. If the land-use of a place

is office, it’s area is A and intensity is K persons per unit

area. Then total employée will be K X A. In The same
manner employment for other land-uses can be derived. The
intensity of use is fixed on some policy. It may be fixed by

Development Authorities or by Town and Country Planning
Department. From this Basic ‘employment population can be
derived by multiplying by Total employment by the population
employment ratio of the area under consideration ({.e.
average houseﬁold sizel or inversé activity ratel). . This
population will need service. Service employment can be
derived by multiplying by ratio of service employment. to
population (average labour participation rate). This service
employees will again generate population 5y the factor,
jnverse activity rate and this increased population will
again generate servicé employment. This process continues
until the increment of service employment is within

reasonable limit. Fig. (3.2) shows the functional structure of

lLowry model.

The allocation of employees to residences and

service employment to employment zones is done according to
residential allocation function and service/retail allocation
function (described in section 4.3.1 and 4.3.2). This
interaction between the basic

employment, population and

service employment is given in the form of origin destination
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matrix. This matrix tells the desire pattern of the area.

This is the Transport elemgnt of land-use which is given by

the model. Desire pattern gives an idea about the 1loads on

various links. However, trips can further be assigned to the

network to and the adequacy of network can be checked.

COMMENTS

This model is perhaps the only operational model

which requires the least data. This also gives the transport

component related to the land-use showing the interaction

among various zones. This type of model has been widely

applied for practical cases in U.K and U.S.A.



4. SELECTION OF MODEL AND MODEL DEVELOPMENT

41 SgLECTION OF MODEL

Lowry model has been selected from those reviewed in
previous chapter. The most important consideration for its
selection has been the nature of data available for the
étudy. The data required for the model was available from
secondary sources, thus,no Special survey was needed for data
collection. The other important reason for its selection was
the fact that this model has the transport implication in
the form of trip matrix or origin destination matrix relating
to the land-uses of different zones, in the'process of land
use allocations. Thus, travel pattern and eventual traffic
distribution in the network can be obtained to a%ﬁ%ss the
suitability of land use distribution. In a rigorous analysis,
trips between different zones c¢an be assigned to links and
adequacy of links can be examined with respect to present and
future demand for travel. Model for Allahabad was developed

by calibrating the modelled values with observed data.

42 Data REQUIRED For THE MoDer CALIBRATION

Data required for the model calibration are listed below
1. Population of different zones
2. Area of different zones and planning regulations

on density and minimum levels of activities.

3. Basic employment of different zones



4. Service employment of different zones
5. Origin destination matrix
6. Inter zonal travel time matrix

All the above data must be collected at the same
time i.e. the base year. In this study data was available
for the base vyear 1987. All the data, listed above,wvere
taken from the Allahabad Development Authority, Allahabad.
421 POPULATION ARND AREA OF ZONES

Population of different zones in 1987,was taken
from Allahabad Development Authority. Area of different
zones has also been taken from the same source. Zones have
been delineated by the same authority for conducting
transportation study. Zones were delineated to have uniform
land wuse 1in & 2zone and =zone boundaries confirming to
natural/artificial barriers and administrative 1limits like
wards boundaries. Population and density of different zones

of base yearare shown in Fig. 4.1.

o P - S NATT R
422 Basic AND Service EMPLOYMENT

Basic and service sectors have been previously
defined, in the discussion on Lowry model. These data have

were collected through a special survey conducted by the

Consulting Engineering Services, New Delhi, for Allahabad

Transportation Study. These data are also of 1387.

Population and employment of each zone of base year is shiown

in Fig. 4.2.

ol
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423 OrRIGIN — DESTINATION MATRIX
- The trip matrix shows the number of persons going
from one zone to another for any purpose. Since the Allahabad

city was divided into twenty four zones, a 24 x 24 matrix

shows the persons trips from one 2zone to another. This

origin destination matrix was for base year 1987 from the
same source. This was the total ¢trip matrix, which pertained
to all purposes e.g.work trip, shopping trip, educational
trip, recreational trip, etc. In medium size cities work and
shopping/retail business trips may be in the range of 60 to

75 percent. Thus, 65 percent was assumed to be the share in

this case. Aq
‘3{(“ ~N
A
. 451, 4
424 TravVvEL TiME MATRIX

The travel time matrix is normally the shortest
path deterrence matrix to represent the resistance to travel.

Using link data and shortest route algorithm the deterrence

matrix can be computed. The travel time matrix derived by the

Consulting Engineering Services, New Delhi which was

available with the Allahabad Development Authority has been

adopted for this study.

43 MoDeEL CALIBRATION
Lowry model is driven by basic employment alone. In
the way of working it generates population and service

employments. While allocating for residences and service

travel component get generated in the form of trip matrix.
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The two allocating functions are residential allocation and

service allocation.

Person working in work 2zone i will c¢choose his

residence in residential zone Jj according to the function

P Exp (- {3 cij )
J
T ., =
ij E.
i
E P, Exp (-7 c,_ )
J 1]
J
where
i-- work zone
J-- residential zone
T. -- Person working in zone i and living in zone j
1]
Ei—- employment in work zone 1

Pj-- population in residential zone jJ
c_  —— travel time between zone i and J

s —= deterrence parameter to be determined at

calibration.

SERVICE ALLOCATION FUNCTION
Summation of Tij over j will give the number of
employed person living in a residential zone J. Mﬁltiplying

this by the average household size will give the population

—
of that zZone. This population will need service.
Multiplication of population of each 2zone with labour

participation rate will give the number of people engaged in

service sector and living in zone j. These people will go to



work zones for employment. The number of persons living in

zone jJ and working in zone i (for service) is allocated by

the function

i
S.. = Sep |
J1l J o
;) Se Exp (- o . )
) 1 Jl
i
where -
S _ _—-- persons living in zone j and working in zone i
Jl .
Sepju- service employment as predicted during
residential location in work zone j.
Sei-- service employment in zone 1
It may be noted that same deterrence parameter has
been adopted in both the allocation functions. This 1is

primarily because both work and shopping/service trips were
assumed to be equaily sensitive to travel time due to nature
of transport system existing in Allshabad. The calibration of
‘the model would mean isolation of the best value of {5 so that
model performance is satisfactory. The model performance in
this case will be taken to be satisfactory if the trip matrix
as well as population and employment wvectors are closely
reproduced by the model. Both the allocation functions are
singly constrained entropy maximiéing gravity models. The
exponential deterrence function and the

balancing mechanism

makes the model intrinsically non-linear.  Thus a direct



estimation of parameter is not possible. The Lowry © model
works by generating population and service/retail employments
in increments and this can be considered as model loops until
the increments are too small to neglect. Each model iteration
will have the whole set of loop in- search for deterrence
parameter. This mechanism is shown in Fig. (4.3 The cut off
level of increment of employment was taken as 10. The
allocation and generating loops of Lowry model were discussed
in chapter 3.

The calibration of i (deterrence parameter) was
done by Fibonacci Golden Section Search method. This is quite

popular for the estimation of single parameter models. In

this method search is made in the predetermined range. In
this range at two values the values of function are
calculated and compared. Now the range is reduced up to

that value at which the function is smaller. This is done

on
the assumption of unimodality i.e. a function has only one
peak. This process is shown in Fig. (4.4) . In the process of

calibration the goodness of fit measure was the coefficient
-of determination. Best fit between three sets of data were

sought through the calibration of trip .matrix, population

and employment distribution.

4 4 DiscussioN ON CALIBRATION RESULTS

In fact Lowry model is not just a model, but a
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system of models. The parameter {3 was calibrated as 0.032.
This value of ﬁ‘i.e. travel parameter for Allahabad 1is very
less which means that the people do not give much weight age
to time of travel or distance among zones while _choosing
their residences. This reveals the fact that the city size is
‘small ( observed mean trip length 15.40 minutes). This is in
contrary to the big cities where people choose to live near
their work place. This gives an idea that there are some
other factors which play role in deciding the residences and
service centers. These factors may be the price of land,
environmental aquality of zones, floor area of retail shops,
expenditure pattern of people, etc. The goodness of fit of
the model was found in terms of following measures.
Coeffioient‘of determination of
trip matrix D.746
population 0.%987
e&ploymenf .0.886
The observed and modeled average trip length were
15.40 and 16.0lminutes respectively. Coefficient of
~determination (R2 value) with the observed trip matrix is
low. The reason is the non-availability of the purpose wise
trip,matrix, i.e. work trip and service trip matrix and the
model takes into account for the work trips and service trips
only. Due to this reason the 35% of the total trips were
sliced off and calibration made. 35% because in this type of

city work trip and service trip account for about for 65% of

6O



the total trips. This sliced matrix do not give the actual
pattern of trips but some representation of the actual trips
is made. Due to this limitation of data &a good correlation
with the . observed matrix could not be made. Fig. d.S' to
4.1Q shows the difference between observed and calibrated
trips. For easy understanding trips of various range are
. s
compared. It is clear from the figures that(%ﬁii? trips are
more closely reproduced than the longer trips by the model.
But the model calibrated for base year predict
quite significantly the population and employment of each
Zones. High R2 value with population and employment assures
the good performance of model in predicting population and
employment. Fig.411 and Fig. 4.12 shows the difference betgeen
base year population & modelled population and base year
employment and modelled employment of each zone respectively.
From the figures it is clear that population and employment

of each zone are closely reproduced.

6

1



0007 Pur ¢ usemisg sdrTal Iesx o9sed 9°F *PTL

[N

Umouys 3 ou
0SS

LB sss T WQMLF

RS S S e s
weemjz ey sJIT ]

To0oge
Toogeld
"006

sdt.j

T pady 1edioiuny

NHF L Ildd 1530
LeoyL oseg . O0UgyHUYTTY



000T pue o usemiysg sdrag PITT9pOoy

RN

umoys 3 ou

Tas
“BY3 ssa] sdioa)

"00QaT vy O

Uamiyag sdiau)

-oags
“0ngT
"0as

WQMLF

eouy TRdIoTUNny
NHdlldHd IY T ST
P2l 2P0 DW?E&IWﬁ%JQ



b4

Q0ST Pue Qo0T usenieq sdixy Ieax 9sed L°p -HTa

|

el

umoys 3 ou
IR R
Uy ssa T sdta]l

TQUsSt T aisia i

usamileag sdTd}

"OOsT
TasZe
Ts21l

sdAdT

eady Tediotuny

mepxpﬁaﬂw Hd4d 130
e ) =sEg - dbgdgHg 11d



*00ST ©3 0001 usaM3aq sATIL PITTSPOI g°v *hra

~

0501
UBY3y sSs2] sdid]

"0CST® "000T

ua@amjiag WQmLF

"00ST
"0Scce
STl

meLH

vauy [ediotuny

Ng3LlHd 3YIS3a w
P21 12POW dgdgHg 118




66

00Sz Pu® Q0ST usemilaq sdrxs aesx sseg g-p -Arg

(AN

UumoLs jou
"0
ey ssaTj @ﬂ.mtﬁf

oose vy "00%S1
Uasmy ag WQmLF

"000g

siaiats

T00sT
sdt.o

BaJy TedIOIUN}

OHgHHE 1Y

Nddl1lHd I3HIsST0
—ea | ose'g



67

1 uoanIdq sdtal POTTPPOW 0T ¥ hTa

- 00GZ pue 00§

™~

umoys 3 ou
O

ueYy SS21 sdtT A}

-gps2 'y "00S1

uasmyag sSATJL

*000S
geisial
geleiSH

sd1 4|

paJy [edioTuniy

mexr\r@&mmHmmo
o2 1 12PCK . D@@@IEJ]—@



ranoge puw posz’sdTIy Iedsx o9sed i phTa

[N
umoys 3 ou

"0
usyy sSsa37] WQH...LF

cooags 'y T00Sc
usamyag sdiud]

"00sTh
“Osce d
"SZ2T1
sdTd]

pouy [edioiuny
NHZ L1lHd 3IHISA0 |
apa | =SsBg - adgggHyg 11d



6%

TeA0qe pu® 005z ‘SATIL PRTIPPON  TT - hTa

M~

Umoys Jou
s
Uery ssa] sdTed]

aaoozs vz Toose
Uasmieag Sdiu]

TOOSH
Tosez
=T=N !

sdr 1

eeuy [ediotuny

NY3I1L1lHAd 3AYIS3C |
P21 I3pPol 4, - dygddyH-Y1TT1d



uotyeTndod PSTISPOW
pue Ieox oseg ussmieag uosTIRdWOD €1°F ‘btg

70
7 =<

"000S3 |

dodn

BaJy [edIOTUN)

COWMGHJQO&

_ D_ | [ | _ _m |
PR[[EPOW 3 -HB2L SSEG CDogHO -,



-
I~ ‘ JuswioTduy paTTIPOW
pue Iesx 3sed usomiag uostaedwo)d HTpy -hTJg
(AN

RaJy Hwaﬂoﬁcsz

#C@E}OHQEM
OB [@POW v B2l asBg OHaUHE 118



O. APPLICATICON ©

¥
—
T
i
<
>
M
m
-
<
3
T
P
r”
T
T
}Il‘
o)
o
)

0.1 GENERAL :

The purpose of a model is normally for predicting
for the future activities. The model as calibrated for the
base year data can now be adopted for making forecasts to a
horizoh year. The assumption in such forecast is that the
behaviour of the population in respect of choice for housing
and service location will Eemain unchanged. However, in a
land-use model the major emphasis being the intensity of use
for the land, change in zoning laws and planning regulation /
controls that can be foreseen in the future must be given due
consideration. While the calibrated model used for generating

loops for the allocation will remain unchanged with saﬁe or

changed stopping rules.

5.2 DENsITY CONSTRAINTS:

For fixing the densities of different zones,
first the existing density pattern was studied (Fig.5.1). It
was seen that the central area was having vefy high density,
around 250 persons per acre. The density decreases as the

distance from the center increases, except at zone no. 12.

This zone inspite of being very near to center has low

density as 53 persons per acre. This 1is because of being
very posh area of the city. Mostly there are bungalows for

residences and all the major offices including High Court,

Accountant General Office, Uttar Pradesh Educational Board,

72
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Police Head QGuarters etc. 2Zone no. 1 & 24 inspite of having
some big industries has very low population density. This is
mainly because most of the area of these 2zones are under
rural use i.e. agricultural, also there are much unusable
land in these zones. Zone no. 13,17 and 18 also have the same
characteristics but are located on the north eastern side of
the city along the river Ganga. Fig.5.2 shows the major or
dominant land-use of each zone. This has been shown as the
percentage of total zone area which is helpful in visualizing
the structure of the city.

For fixing the density of different zones the whole
area is being conceived as composed of seven self contained
districts with population ranging from one lakh to two lakhs.
The concept is same as proposed in Delhi Master Plan. The
area of a district has been conceived as a circle of 1.2 km
 radius. This radius has been taken so that the people of one

district get their services within a walking distance of

fifteen minutes. This will reduce the service trips of
people. Further, each district is further has been conceived
as a set of communities with their own nucleus. This nucleus
will provide service fo the people of a district. This
community organisation is shown in Fig. 5.3. Districts of
Central part is supposed to contain more people than the
other districts, because the central districts will serve its
own people as well as the rest of the city for providing city

wide services. Thus the density will go on decreasing as one
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Table No.

Intensity Of Basic Land Uses{employee/hectarc)

Whole Sale
Godown

Mineral Sliding
Heavy Industrics
Light Industries
Offices
Health(specialised)
Health(general)
Railway

Bus Terminal
Truck Terminal

Water Navigation

122
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2one no. 1. from zone no.23. This zone (23) is presently very
densely populated (154 persons per acre). Zone no. 1 is
presently very thinly populated (16 persons per acre). NH1
passes through the zone no.1 which will provide good impetus
to the development of wholesale business. Detailed,
quantified land-uses under this policy is given in table 5.2.
This distribution is same as envisaged by TCPD, Allahabad for
2001.
h.32 PoLicy - 2

In this policy all the basic sector landuses
are proposed to be distributed throughout the city. The
wholesale is distributed in zone 1 and zone 17. Zone 17 is on
the extreme north of the city along river Ganga. A >state
highway to Faizabad and Lucknow passes through this zone.
Presently it is very thinly populated with density 28
persons per aore. Also some light industries are proposed 1in
this zone. Due to easy accessibility it can cater to this
type of use . Also to facilitate wholesale sector in this
zone truck terminal 1is proposed in this zone. Light
industries are distributed through out the <city so as to
provide oppurtu;ity of work near the residences. A marginal
buhd on the north- eastern side of zone 17 and 18, along the
river Ganga is proposed. This will, on one hand provide easy
access to this zone, and on other a lot of land, which at

present is prone to floods, would become available for future

development.
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In this policy all the heavy industries
are proposed to be located in zone 24 as was in policy 1 but
the wholesale business is proposed to be housed 1in zone 17
and 18. These zones are presently not connected with mojor
highways or railways except a state highway to Faizabad and
Lucknow and railway to Lucknow, Faizabad and Varanasi. Thus,
a marginal bund along the riveh Ganga is proposed as was in

policy no.2. This will provide an easy access to these 2zones

and a lot of extra space , which is presently floodable, for
future development. Also, the railway extension , new truck
terminal and a bus terminal are proposed in these zone. The

quantified land-use distribution’of this policy is given 1in
table 5.4.

It is assumed that, in the period (1987~ 2001)
there will not be any drastic changes in transport system
infrastructure which wiil considerably change theinterzonal
travel time. Hence, the  value of deterrenceparameter,
calibrated for the base year will be reliable. To explore the
transport implications of different land-use distributions,
future land-uses were distributed in three different ways.
While testing each of these policies the allocation can be a
constrained or unconstrained one.

Predictions were made for each poiicy by putting

maximum density constraints. Max imum density were as

described in 5.2. Eight percent discrepancy was put in
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maximqm.qégsity to ﬁake the éasy run of the model otherwise
it Qili take a lot of time in prediction. Major findings for
_ :each po;icy was as follows :

Table 5.5 and Table 5.6 list the predicted
population and employment of each zone under each 'policy
recommendafion. Table 5.7 lists the future density of each
zone for each policy which 1is in accordance with the
constraint imposed. The change in the population, employment
ahd density between base year and horizon year for each
policy are shown from Fig. 5.5 to Fig. 5.13.

Fig. 5.14 to 5.16 shows the predicted trip pattern
for each policy. Only ﬁrips more than 7000 are shown to
distinguish mojor flows for each policy. Table 5.8 and table
5.9 gives the trips produced from each 2zone under each

policy. Mean trip length for each policy is as follows :

" Policy - 1 16.68
Policy - 2 : 15.02

Policy - 2 16.40
Since predictions were made by putting maxim un
density constraint, population and employment of each z§ne
were more or less same. There were some‘ difference in the
~ pPredicted desire pattern for each policy. This is due to the
different land-use pattern. Mean trip length ,also, has some
difference. These two will be compared for . each policy as

these are the measures of transport implication.
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moves away from the center. Since the exisping density at
the center is very high with respect to the periphery, this
density is proposed to be curtailed. The density of other
zones' around the cehter are proposed to be increased.
Fig.5.4 shows the proposed future density pattern of the

city.

5.3 ALTERNATIVE LAND USE PLANS -

To foresee fhéifﬁturé tfavei pattern and for
predicting future activities (population and employment) of
each zone the input required is the future employment in the
basic sector. This 1is wusually derived from the future
land-use plans. For this purpose land use plans on macro
level is sufficient. This is usually in the form of policies.
In these land use plans land uses of only basic sector are
required. Also, the exact location of these land uses are not
necessary. The location should only tell the zone number in
. which the activities are to be located. The qguantity of

land-used for various purposes is multiplied by the i;tensity
(employment area ratio) of its use which then gives the
expected employment to be generated by various land uses. The
intensity of wuses 1is generally fixed by the planning
department. For this study intensity of various basic sector

land-uses were taken from the Town & Country Planning

Department, Allahabad. Table 5.1 shows the intensities of

different basic sector land-uses.
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Table No.5.g

Horizon Year Population of each Zone For each Policy

Zone No Policy 1 Pollcy 2- Policy 3
1 219198 226347 219867
2 171572 177176 175338
3 69031 83726 67910
4 54700 50497 53815
5 53201 54938 53388 .
6 28549 26622 25891
7 62246 64278 62467
3 36176 36737 32420
9 44475 45329 44632

10 42558 43950 43283

11 61491 5838¢ 55700

12 147624 152457 150868

13 1071786 98947 105442

14 66500 83673 82767

15 85647 79366 77583

16 36693 33704 31408

17 93630 896691 93967

18 253651 235059 219510

19 102119 85226 957388 '
- - --20- - - - - - -96338- - - 38938 - 84766 — - - - - - - -

21 37983 35072 37372

22 16233 15031 16015

23 27132 28019 27228

24 286273 295571 287290




100

Table No.5H.6

Horizon Year Employment Of Rach Zone For Each Policy

Zone No. Policy-1 Policy-2 Poliey-3

1 16236, 15858. 15748,
2 8533. 8454. 3326.
3 21550. 21377. 20993.
4 164989, 16349. 16045.
5 22127. 21817. 21477.
6 2258698. 22291. 21920.
7 23368. 22978. 22620.
8 28225, 27803. 27421.
S 28582, 28139. 27696.
10 26547. 26217. 25803.
11 16168. 15947. 15709.
12 25190, 24798. 243386.
13 10758. 10654. 10432.
14 14222, _ 14010. — 13823,
15 - 23681. 23398. 23041.
16 14624. 14451. 14212.
17 12032. 11870. 11871.
18 3521, 8485. 3385.
19 17127. 16821, 16628.
20 23859. 28498. 27929.
21 11291. 11119, 10829.
22 6370. 6320. 6748.
23 17466. 17186. 16905.

24 21354. 20862. 20510.




dorizon Year Density Of Each Zone For Each Policy

__Table Ro 47—

Deusity in person per acre

Zone No. Policy-1 Policy-2 Policy-3
1 106. 110. 107.
2 133. 137. 136.
3 130. 120. 128.
| 152, 140. 149.
5 266. 275. 267.
o 220. 205, 200,
7 160. .185, 160.
3 213. 216. 191.
9 202. 209, 203.

10 213. 220. 216.
11 154. 142. 138.
12 133. 137. 136.
13 136. 125. 133.
14 133. 137. 126.
15 132. 122. 119.
16 131. 120. 112.
17 106. 110, 107.
18 110. 102. 95.
19 110. 102. 103.
20 136. 125. 133.
21 136. 125. 133.
22 136. 125. 133.
23 160. 165, 160.

106. 110. 107.

N
1 -

101
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Table No. 5.8

Trips Produced From Different Zones For Each Policy

Zone No. Trips Produced
Policy -} Pollicey-2 Policy - 3
1 39221. 36962. 33016.
2 178165. 17467. 16712,
3 431862. 42816. 42058,
4 32996. 326985. 32086.
5 44775, 433955 43275.
<] 45170. 44615 . 43873.
7 46925. 46704 . 454238.
8 56499. 55656. 54892.
9 57537. 56632. 55745.
10 53145, $2486. 51657.
11 32852. 32114. - 31637.
12 51922. - 51138, 50313.
13 22071. 21861. 20918.
14 28055 . 28629, 28255,
15 R 47873. 47308. 46582.
16 28456. 29565. 29087.
17 24698. 26850, 27157.
18 17612. 178098. 21843.
18 34300. 33390. 33304.
20 58375. $7803. 56663.
21 22606. 22263. 21883.
22 13752. 13653. 13508.
23 35058. 34499, 33937.

24 50808. 47906. 46986.




6. DEVELOPMENT OF AN INTERACTIVE PACKAGE 104

61 INTRODUCTION:

Earlier chapters dealt extensively about the

working_of Lowry model, L@Ls_devefopment_éhd_app1ications e

Allahabad city. This involves a lot of computational work
for which using modern computational techniques i.e. computer
Programming was inevitable. Also the computer Programs makes
the whole work very flexible i.e. using these pPrograms same
application can be done for other cities also, in least time
and accuracy. Further, it may not be always possible to have
8 full understanding of the working of the modef by the
officials who want to Plan the land-use and see its
implications. 1n view of this and for actual computations
required for the work presented in this work, computer
programs were developed. The computer programs were developed
in a systematical manner incorporating computer graphics to
display the input aﬁd output of the work. Computer ghaphics
pProvides an easy way to compare different variables, output
in a digramatical form almost instantly.
6-2 PROGRAM STRUCTURE:

The various components of the program (package)
which work interactively in a user friendly manner for easy
understanding of input and model results are shown in .flow

chart as given in Fig. 6.1. The working of package facilities

available are described below.
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6.2.1 INnpUT

All the input data myst be stored in separate
files. This pProvides eagy manipulation of data. The

following input are required for the development of the

~model.
Base Year
--Population of each zone in the.form of a row vector.
--Basic employment of each zone in
the form of row vector
--Service employment of each zone in the form of row

vector

-=Inter zonal travel time /distance matrix

-Observed trip matrix (work trips & service trip)

—digitized data of boundary of the study area

and of each 2one

-digitized data of zone centroids.

For Predicting activities following data were

required -:

“— Future basic employment of each Zone
-~ Area of each 2one, if prediction is to be made with
density constraints or future density is to be

estimated.

~= Maximum allowable density of each zone

All the required input data are asked by the

pProgram when required. However, Program provides g check 1list

of input data Just after the start of program.
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621 InpUT

All the input data mijst be stored in separate

files. This provides easy manipulation of data. The

)del . e Y P 4.4.-....4,,.....«;..,......

“Base Year

~-Population of each zone in the form of a row vector.
—-Basic employment of each zone in
the form of row vector

-~Service employment of each zone in the form of row

yvector

—-Inter zonal travel time /distance matrix

-Observed trip matrix (work trips & service trip)

~digitized data of boundary of the study area

and of each zone

~-digitized data of zone centroids.

For predicting activities following data were

required :

-~ Future basic employment of each zone
- Area of each zone, if prediction is to be made with
density constraints or future density is to be

estimated.

-- Maximum allowable density of each zone

All the reguired input data are asked by the
program when required. However, program provides a check list

of input data just after the start of program.
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0.2.1 INPUT

All the input data myst be stored in separate

files. This provides easy ‘manipulation of data. The

_tollowing—inpu%—arem—reduired**fcr‘“thé“déVEISﬁment of the
model.
Base Year
—-Population of each zone in the form of a row vector.
——Basic employment of each zone in
the form of row vector
-—Service employment of each zone in the form of row

vector

-—=Inter zonal travel time /distance matrix

~Observed trip matrix (work trips & service trip)

-digitized data of boundary of the study area
and of each zone

~digitized data of zone centroids.

For predicting activities following data were

required :
-— Future basic employment of each zone
—= Area of each zone, if prediction is to be made with
density constraints or future density is to be
estimated.

-— Maximum allowable density of each zone

All the required input data are asked by the
Program when required. However, program pProvides a check list

of input data just after the start of program.
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622 OutpuT : ' 0

Output after calibration are

Modelled population of each zone
Modelled employment of—each zone-

Modelled trip matrix

Output affer prediction are (of horizon year)
Predicted population of each zone
Predicted employment of each zone
Predicted density of each zone
Predicted trip matrix
Trips produced from and attracted to each zone
Average trip 1en§th

For each' policy, all the above output are given

by the program

6.3 USE OF THE PACKAGE -
The user friendly interactive menu driven package

, has been named as LUTIM( Land Use Transport Interaction

Model). It has the facility for calibration, prediction and

graphic presentation of input data as well as output results.

The program provide the facility for calibrating

the model between the range defined by the user. Search for

the best parameter sby the Program, is made with the help of

¢
Fibonwa%i Golden Section Search Method. Since the

lesser is the range of search more accurate the search is.
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Hence to obtain the best deterrence Pparameter search should
be made in very narrow range. However goodness of fit 1is
normally obtained in the range of 0 to 1. Hence, the ° default

range for calibration in the package is 0 to—t—This —gave

considerable good goodness of fit for Allashabad. Calibration
oy the program terminates when the range for search is less

than 0.001. This means that the calibrated value is accurate
up  to ﬁhird place of decimal. All the output after
vcalibration 15 stored in separate files whose name are to be

given by the user.

6.3.2 PrREDICTION:

After the calibration, prediction is to be made.
However, if the user does not _uant to make prediction the
program will terminate after’calibration. Prediction can also
be made without doing'calibration but in this case user has
to give the best fit value of deterrence parameter as derived
after calibration. Prediction can be made with or without
putting density constraint. Constrained prediction take more
time in prediction in comparison with unconstrained one.

Future basic employment for each policy 1is needed
as input for making prediction. For constrained prediction,
Maximum allowable density and zone area are also required,
After the prediction is made program asks the wuser to give
file names to store different data. Different outputs given
by the program are:- Horizon year pPopulation, employment,

density, predicted trip matrix, trips originating from each
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éone » trips attracted to each zone and mean trip length.
Prediction program should be run for each policy.
The program asks, after each prediction, if user has to make

prediction for more policies. Each output data for every policy

is stored_in_sepanate*eutput—fffes, Wwhose name is to be given

by the useh

©.3.3 GrAPHICS COMPONENT

The graphic Part of package. is able to show

the graphics in the following form.

1. Different Traffic Zones of Allahabad with their
Nnumbers,
Bar CHART OF -
2. Base year Population and employment.
3. Base year Population and density.
4 Base year Population and Modelled poéulation.
5 Base year employment and Modelled employment.
6 Base year and Horizon Year Population.
7. Base year and Horizon year employment.
- 8 Horizon Year Population and employment.
9. Horizon Year'employment and employment.
DESIRE PATTERN -
10 Base Year trips.
11 Modelled trips.

12 Predicted trips.

The menu in the program shows all the above
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options. To operate any option only the respective number is
to be entered. The program will ask for the data files
required for the representation of option. After the data

file names are entered it asks for the I1/6 PORT and MODEL.

e a
/(“"
r—‘”"/w

number. These are thg“igggnfae%ng'ESEEE reguired to produce
R

i

—
graphical output I/0 PORT

is to tell the out put

device the &aud rate i.e. &its transferred per second form

the computer and to the output device. MODEL number is the

code for the type of output device. 1/0 PORT and MODEL. nos. 99

and 99 must be given for the out put on the i terminal

»0,0 for printer and 9650 and 30 for HP 7475 Plotter. After

this, there is an option for if the user want to see some

specified portion of the whole area. For this WINDOW size 1is
to be given. The default window size is 8.25 x 6.00 inches.

For Bar charts, fill codes are reauired. Any

‘integer number between 1 to 8 can be given. Each fill number

has different types of fill patterns which is helpful in

distinguishing the two variables. For the Desire Pattern

there in an option to see the desire pattern for the whole

city or trips produced from or attracted to a specified zone.

There is an option to see a definite range of trips and the

trips below which the user do not yant to see, generally for

clarity purpose. After each presentation the program asks if
the user want to continue with the same option . This is

helpful for seeing the different alternatives available in



each option or for having the same output on different output
devices. The figures in this thesis ,showing the results

during development and application of model are the out put

from the graphics program described above.
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7.1 CONCLUSIONS
A Lowry type model for land use allocations was

calibrated in this study and travel, for obtaiq?ggﬁythe"”Bééi

fit with respect to thgﬂQbsthéa”f;ével, was obtained. The

R—

pmoder”ﬁégygglibrated to data for Allahabad city. In view of
the fact that the medium size cities (population 0.3 to 1
million ) are mostly neglected inrespect of planning input,
this study was specially directed to this class of the city
which is going to face the highest population growth and
transportation problems.

The Lowry model calibrated, was for a common
deterrence parameter in the allocation functions which was
estimated to be 0.032. The low value of deterrence parameter
shows the fact that in this city people do nrnot give much
weightage to the distance or time of travel for work and
service/shopping. This may be due to the small size and
regular shape of the city. The calibrated model produced
acceptable goodness of fit as indicated by the coefficient

of determination which are as follows :

Travel matrix -——= 0.746
Population distribution ---- 0.987

Employment distribution ---- (.889

[ .
Fibﬁonaqg Golden Section Search technique was used

to isolate the best parameter. A complete interactive package
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shows the fact that in this city people do not give much

weightage to the distance or time of travel for work and

i
.

service/shopping. This may be due to the small size and

regular shape of the city. The calibrated model produced
acceptable goodness of fit as indicated by the coefficient

of determination which are as follows :

Travel matrix ———— 0.746
Population distribution ———- 0.987

Employment distribution —-—-—- 0.889

[ .
Fibﬂonaq} Golden Section Search technique was used

to isolate the best parameter. A complete interactive package
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for the calibration and forecast has been developed for
general application and use. Extensive graphics of the
package provide clear understanding of input and out put from

the model.

Using the Allahabad Master Plan and forecast of
population, employment étc. Three strategies were formulated
for future development which were referred as policy 1,
policy 2 and policy 3. The densities were fixed from analysis
of the existing pattern and suggested density pattern was
discussed in chapter 5.Three alternative development policies

were tested for Allahabad to study their transport

implications.

The minimum average trip length is for policy 2
.This is much due to the distribyted basic employment. The
implementation of this will require to provide some extra
infrastructrural facilitigsiin zone 17 and zone 18 for the
development of the wholesale business. For this a marginal
bund on north east side along the Ganges is proposed. In
policy 2 it self. Policy 1 and 3 have avgrage trip length
more than that of policy 2. This is due to the ccncentration
of the basic employment in zone 1 and 24 respectively. These
are the out lying zones. For each policy desire pattern are
shown in fig 5.14 to 5.16 . Only more than 7000 trips haye
been shown for easy comparison of the major fiows under each

policy. It is clear that in policy 1 major trios ara fe~~
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zone 1 and 24 and in policy 2 from 24 and 17 & 18.. In policy
2 major trip$ are produced from zone 24. This policy gives a
relatively uniform desire pattern. The trips produced and
attracted from/ to different zones are given in Tables 5.9
ahd 5.10. It is seen that in policy 1 trips‘ produced from
zone 1 and 24 and in policy 2 from zone 24 and 17 & 18 are
high compared to policy 2. Trips attracted for each policy
are more orxless same for each policy due tp same maximum
density constraint imposed. Thus policy 1 will produce a
heavy load on networks connecting zones 1 & 24 which are
already heavily loaded due passage of inter city traffic.
Policy 2 gives more uniform distribution of trips which the
existing network can cater without much modification. And
also in this policy care has been taken for the inter city
traffic by proposingla highway on the marginal bund on the
north east side along the river Ganga.

The interactive package LUTIM (Land Use
Transport Interaction Model) developed in this study opens up
a whole new area of urban planning by way of bringing the
medium sizé cities in the maln stream of planning process.
The easy and handy way of exploring transport implication
wil; go a long way in improving the conditions of the medium
size cities, The intensive graphic presentation %n the
package provides most lucid and comprehensive

understanding

of the model input and output for the planners and policy

makers alike.
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7.2 RECOMMENDATIONS FOR FURTHER WORK :

The results obtained and described in various
charts and tables were within the scope and limitations
described earlier. However, this study c¢can be extended to
make the package free from all limitations. First of all,
the data should be made available at some what disaggreate
level, such as, trip matrix by purpose and land use
classification at zone level. These will allow to calibrate
separate allocatién function factors for the land price,
housing cost in terms of rent, retail service activity
magnitude etc. will allow calibration of multi-parameter
allocation functions using gradient search techniqgue.

Further, in the present study the transport
implications have been studied in terms of pattern of travel
generated or average trip length suggested by a given polic;
of land use distribution. Also it could identify the shifts
in corridor of travel due to change in land use allocations.
‘However, inclusion of traffic_assignmeht in the process will
provide link volumes which will directly show the transport
implication at a,much‘detailed level. Though it is a much
labourious stage of transport planning process, it could
idehtify the best land+use distribution for c¢creating least
congestion in the network. Alternatively, it will be possible

to identify the network improvements required for chosen land-

use,
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