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Regional Land Use and Transportation Development 

Optimization Model for Delhi Region of India 

JIWAN D. GUPTA 

Rapid industrialization has brought rapid population growth in major metro
politan areas in India . The rapid population growth rates in the Delhi metro
politan area (created by strong expansion of the economic base due to indus
trialization) have led to the adoption of decentralization policies for the region. 
A regional scale land use and transportation model is developed that may be 
used for the analysis of decentralization options. The model searches for re
gional development configurations that minimize the combined costs of pro
viding urban infrastructure and intercity transportation costs . The objective 
function is a nonlinear function of the regional activity distribution, and a 
sequential search procedure is used to identify the least-cost alternative. The 
capabilities of this allocation-simulation model are demonstrated by several 
example analyses for the Delhi commuter region . 

The largest population growth rates in India in 
recent years have been in the biggest metropolitan 
areas of Delhi, Bombay, Calcutta, and Madras. In 
1971 the Delhi region had a population of 13.05 
million, and this population is expected to grow to 
16.18 million in 1981 and 19. 74 million in 1991. 
Between 1961 and 1971 the annual rate of urban 
population growth was 5.1 percent while the rural 
growth rate was only 1.2 percent. In 1971 the Delhi 
metropolitan area had more than 70 percent of the 
urban population of the region within an 80-km 
radius of Delhi. 

Expansion in government employment and the indus
trial base of the Delhi area have been the major 
stimuli to rural to urban migration in the Delhi 
region. A policy of decentralization of industrial 
growth away from the Delhi metropolitan area has 
been pursued in an attempt to reduce the rate of 
growth of Delhi. The state governments adjoining 
Delhi have provided infrastructure and other incen
tives in various urban centers within the region in 
order to attract industries. Industries have re
sponded positively to these policies, and many large 
and medium-sized industries have located in smaller 
towns within a 30-km radius of Delhi. 

The decentralization of industries, population, 
and other types of employment to these centers, 
however, has led to increasing problems of intercity 
commuting. Studies and analyses conducted by the 
Central Road Research Institute (1) of these inter
city commuter flows showed that l~ge investments in 
new intercity transportation facilities would be 
required if these commuter flows continued to grow. 
These findings suggested that any attempts to decen
tralize employment and pop~lation within the Delhi 
region should recognize explicitly the costs of 
handling the commuter flows generated by future 
development patterns. 

This paper describes a technique for exploring 
the public investment cost implications of alterna
tive regional development policies in the Delhi 
region. 

OPTIMIZATION MODEL 

The basic approach of the optimization model is to 
allocate urban population growth and employment 
opportunities among urban centers so as to minimize 
the costs of regional urbanization, including the 
provision of intercity transportation costs. Figure 
1 shows the broad flow of activities involved in the 
regional development optimization model. The model 
is described in general terms in this section of the 

paper and subsequent sections describe the detailed 
structure of each of the modules in Figure l along 
with the mathematical structure. 

The allocation process starts by allocating a 
hypothetical increment of population to each urban 
center, and then the basic and service employment 
required to support this population increment at 
each urban center are estimated. The intercity 
flows likely to be created by this increment of 
urban activity are then estimated. The total annual 
costs of the increased activity at each urban center 
are then calculated and the population increment is 
allocated to the minimum cost urban center, subject 
to any development constraints. The activity level, 
cost, transportation flow, and travel-time vectors 
are then updated and the process is repeated until 
all of the regional population growth has been 
allocated. This sequential approach to the problem 
is required, since the underlying relations are 
nonlinear. 

DELHI REGIONAL SYSTEM 

Figure 2 illustrates the zone system used for the 
analyses described in this paper and the principal 
components of the regional transportation system of 
the Delhi commuter region (OCR). The region has 
been divided into 22 zones; each zone focuses on one 
of the urban centers of the region. Each zone has a 
dominant urban center and a rural population dis
tributed throughout the zone in small villages. The 
1971 population distribution is also illustrated in 
Figure 2. 

Figure 3 illustrates that the railway and highway 
networks are radial in character and converge on 
Delhi. Most of the urban communities have direct 
transportation links with Delhi by both the highway 
and railway networks. There are no cross-connec
tions in the regional transportation system with the 
Yamuna River, which flows from north to south in the 
region and provides a major constraint in the devel
opment process. The regional transportation facili
ties are all part of the intercity road and railway 
systems that have developed over many years. 

CHARACTERISTICS OF INTERCITY COMMUTER DEMAND 

Data on intercity commuter flows were collected by 
use of traditional survey techniques. The overall 
sample size was about 33 percent for intercity trips 
by mass transportation and 25 percent for trips by 
means other than mass transportation (1,1). In the 
survey year of 1969 there were approximately 60 000 
one-way commuter trips/day, with about two-thirds of 
these trips traveling from residences in the re
gional urban centers to Delhi and one-third travel
ing from residences in Delhi to the surrounding 
regional centers. Approximately 89 percent of the 
total intercity trips were for purposes of work and 
about 10 percent were for educational purposes. 

Modal choice data showed that about 75 percent of 
the trips were carried by mass transportation, 7 .5 
percent by individual fast vehicles, and the remain
ing trips by slow vehicles, including bicycles. 
These data also showed that about 11 percent of the 
trips were by the high-income group, about 19 per-
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Figure 1. Regional development 
optimization model. 

Figure 2. Zone system and urban 
population distribution in DCR. 
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cent by the middle-income group, and 70 percent by 
the low-income group . 

A number of alternative equation structures for 
estimating intercity transportation flows were 
explored, and the following equations were selected 
from those considered: 

Tjd = 192.8 pi-o .s 129 exp(-0.0213tjd) (R2 = 0.87) (I) 

and 

Tdi = 404.9 EB( 0 ·2293 exp(-0.02Stdi) (R2 = 0.89) (2) 
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number of person trips for purposes 
of work from urban center j to Delhi per 
100 population of urban center j, 
population of urban center j (in 
thousands) , 

= travel time between urban center j 
and Delhi d and vice versa (in minutes), 
number of person trips for the purpose 
of work from Delhi to urban center j per 
100 basic jobs at urban center j, 
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Figure 3. Regional transportation system in DCR. 

EBj basic employment at urban center j (in 
hundreds), and 

R2 coefficient of determination. 

Although the above equations have been developed 
by regression analysis, they are both of the uncon
strained-gravity type. Equation 1 shows that trip 
production from the urban centers that surround 
Delhi depends on the travel time to Delhi and the 
population of the urban center. The equation sug
gests that a continued supply of commuter transpor
tation will continue to stimulate intercity commut
ing, whereas the negative exponent of the population 
term indicates increasing self-containment of the 
urban centers with increasing population size. 
Equation 2 has a similar structure to the trip-pro
duction equation. The commuting trip-attraction 
rate of the urban centers throughout the region 
decreases with increasing travel time from Delhi and 
with increasing basic employment in the urban cen
ters. An inspection of the residuals of both equa
tions suggested that other factors influence the 
intercity commuting patterns for some of the commu
nities, but significant correlations could not be 
established. These equations also suffer from the 

, traditional limitations of using any empirically 
derived equations for estimating future conditions. 
This does not mean that these equations are not 
stable for future trip estimations. However, it 
does mean that trip-generation equations can only be 
considered stable for future trip estimates if one 
assumes that the socioeconomic conditions remain the 
same over the forecast period. The structure of the 
trip-generation equations is quite logical. 

REGIONAL POPULATION AND EMPLOYMENT CHARACTERISTICS 

The regional activity system consists of three main 
activities: population, basic employment, and 
service employment. Among these activities, basic 
employment is the most important and is a driving 
force in the regional urban system. This is recog
nized by the India government as the basic approach 
to urbanization and regional development, as shown 
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Figure 4. Role of basic employment in distribution of activities in region. 
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in Figure 4. Figure 4 illustrates that governments 
have a strong influence on the location decision of 
industries through a variety of programs and regula
tory powers. These include the supply of industrial 
land at a regulated price, water supply, sewerage 
and electrical power connections, bank credits, risk 
participation in capital, raw materials permits, 
import-export licenses, and loans for industrial 
housing. These incentives and powers exert a very 
strong leverage in the Indian economy, where private 
capital is scarce and most of the basic infrastruc
ture is absent in the majority of urban centers. 

Analyses of population growth rates in the urban 
centers of the Delhi region have shown that these 
industrial incentives and other decentralization 
policies have been the primary reason for the dif
ferential rates of population growth that have 
occurred at the various urban centers. Employment 
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has been partitioned into basic and nonbasic cate
gories to reflect the growth processes that have 
occurred in the urban centers of the region, The 
basic category includes employment in government, 
industry, trade, and commerce. The nonbasic cate
gory includes employment in retail trade and per
sonal services. Regression equations have been 
developed that capture the interrelations between 
the two employment categories and population. These 
equations are as follows: 

Basic employment rate= 7.4030 + 0.5706 · Qn population (3) 

where R2 = 0,89, and 

Service employment rate= -0.3507 + 0.9784 · Qn population (4) 

where R2 0.99. Equations 3 and 4 allow the 
basic and nonbasic employment required to support an 
increase in population at each urban center to be 
estimated, given an existing population level, The 
equations show that both the basic and nonbasic 
employment rates increase with population, but at a 
decreasing rate. 

COMMUTER TRAVEL SUPPLY CHARACTERISTICS 

The supply of commuter transportation facilities 
should be demand-oriented, but in India the trans
portation services are not supplied exclusively for 
intercity commuters. Intercity commuters share the 
regional and national transportation system with 
other users. The current transportation facilities 
in the OCR have a fixed capacity and are unlikely to 
be expanded dramatically because of limited re
sources. 

A review of the supply and demand characteristics 
of the regional highway network indicated that some 
excess capacity existed that could ' accommodate 
future volume increases. The 1971 demand-capacity 
ratios ranged from a low of about 0.2 to a high of 
about 0.9; most links operated at ratios of 0.4-0,5, 
The railway links consist primarily of single lines 
with conventional signaling systems, Many of the 
lines were operating at capacity in 1971, although 
some residual capacity existed, particularly to the 
west of Delhi. 

The marginal costs of handling additional public 
transportation passengers by bus and rail have been 
estimated for each link of the road and rail net
works. The annual transportation supply costs per 
passenger per kilometer by the bus mode have been 
calculated to be 9.62 rupees and by the rail mode to 
be 5.74 rupees [$1 (1978) = 7.5 rupees] (l), These 
costs are for those facilities with available excess 
capacity and do not involve major new capital in
vestments in capacity. The private costs incurred 
by road users are not included in these analyses, 
which focus only on public-sector costs. 

The optimization process illustrated in Figure 1 
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also requires travel-time-delay functions for the 
road and railway networks in order to reflect the 
impacts that increased intercity commuting might 
have on travel times. The travel-time-delay func
tions for the highway and railway networks have been 
derived from some earlier work by the World Bank 
(_!,2_) , Modification to these delay functions was 
carried out for inclusion in the optimization pro
cess. Details of the modification may be found in 
Gupta (l). 

URBAN INFRASTRUCTURE COST FUNCTION 

The marginal-cost concept was used in developing the 
urban infrastructure cost function. This concept 
will provide a tool or some objective means to 
planners and politicians for evaluating their deci
sions of investing public money. 

The 22 urban centers in the Delhi region have 
been grouped into six categories on the basis of 
population size and geographic locations, and these 
groupings are shown in the table below: 

Group 
1 
2 

3 

4 

5 

6 

Urban 
Center 
Delhi 
Meerut 
Faridabad-

Ballabhgarh 
Najafgarh 
Ghaziabad 
Modinagar 
Hapur 
Bulandshahr 
Khurja 
Palwal 
Panipat 
Narela 
Sikandrabad 
Sardhana 
Bhagpat 
Gurgaon 
Bahadurgarh 
Rohtak 
Sonepat 
Rewari 
Nuh 
Ferozpur-Jhirka 

Constraints on 
Development 
Urban land, water supply 
Urban land 

Rail 

Moderate water supply 
reserves 

Rail and poor water supply 
reserves 

Urban development cost functions have been estimated 
for each town group by calculating the infrastruc
ture requirements for population magnitudes that 
range from 50 000 to 1 million, Equations have been 
fitted to the cost data in order to produce the 
marginal-cost functions summarized in Table 1, The 
cost functions in Table 1 for residential activities 
include the infrastructure costs required by the 
associated service employment. 

Figure 5 shows total annual cost curves and the 
marginal costs for a few urban centers of the Delhi 

Table 1. Marginal infrastructure cost functions for 
residential and basic employment activities, by 
town group. 

Residential Activities Basic Employment Activities 
Town 
Group 

2 
3 

4 

6 

Equation 

MCPj(G) = 16.9981 Pt(t.\r 3 

MCPi(G) = 17.7290 P (c\ 82 

MC'"''-'"·'"" Tl'" MCPi(G) = 18.0835 P (6158 

MCPj(G) = 19.0621 I' frl\ 39 

MCl'JCGl = 19.6642 P cJ.1 34 

R2 

0.8950 
0.9120 
0,9044 
0.9044 
0.9158 
0.9254 

Equation R2 

MCBj(G) = 58.3465 t.Btcc\r 7 0.9197 

MCBj(G) = 57.9048 rmi(Jl 4 9 0.9216 
MCBi(G) = 60,1956 EBJ{c\ 96 0.9197 

MCBi(c) = 60.1956 Ellr\r6 0.9197 
MCBj(G) = 62.3273 E8 (d 69 0.9139 
MCBi(Gl=64.3412 ·D(c\ 47 0.9044 

Note: M "'l'j (G} ~ m1H ghtol COlll in rur•c<• 1u:i t i1\ C:0'1 mom or popuh1< lvn in urban 1X1 1U r j Qr i o w•n gm ,111 C:, l'J(C ) • 
lk ip11fot fo. 11 of' urb:111 4.•c 11 io, j fn l(JWU W{tllft G, MC.: llJ(G) w nrnt~inal cost in ru pc:,"c pur !n C'r t: mcnc In h:ulc 
(l ll\plO)' IIHWl in ur-bc111 conhr: r j o f town group G , 111af EBJ(C ) z:: basic employ rnu1H o r urbim ct111 "1 J 1)f l<h\111 
group G. 
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Figure 5. Application of marginal-cost concept in regional development process. 
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region. These costs include residential, service, 
and basic-employment infrastructure along with the 
intercity transportation costs. These curves indi
cate that total investment in the development of 
infrastructure and transportation increases with 
increasing population. The marginal cost is shown 
by the shaded area and indicates that there are 
significant differences in the marginal costs be
tween urban centers. 

ALLOCATION-SIMULATION MODEL STRUCTURE 

The general form of the allocation-simulation pro
cess illustrated in Figure 1 may be expressed mathe
matically as follows: 

I (1) [ 'YjeG "(jeG J [ J I Z =. I: (l/2) Kj,G Pj,G(t+l) + Pj,G(t) * Pj, G(t+t) -Pj,G(t) 
JEG 

I (2) [ PjeG Pj•G J [ I +. I: (l/2) Kj,G EBj,G(t+t) + EBj,G(t) * EBj<G(t+t) -EBj,G(t)] 
JEG 

- EBi(t)] * RAJ 

subject to the following constraints: 
n 

_I: pj(t+I) -Pj(t) = P(t + I) 
J=I 

_£ EBj(1+1) - EBj(t) = EB(t+ t) 
J=I 

min 
Pj(t+ I) .. Pj(t) 

where 

n = number of urban centers; 
G 2 number of homogenous town 

groups; 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

Pj (t) ,EBj (t) 

Pj (t+l) ,EBj (t+l) 

P u EB u 
(t+l) , (t+l) 
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level of population and 
basic employment, respectively, 
at urban center j for the base 
year time period ti 
level of population and 
basic employment, respectively, 
at urban center j for the hori
zon year time period t+l; 
constants for population and 
basic-employment activities de
rived from the infrastructure 
cost function for urban center 
j of town group G; 
parameter values associated 
with population and basic em
ployment, respectively, in the 
infrastructure cost function 
for urban center j of town 
group G; 
constants associated with 
the trip-production and trip
attraction rates of the trans
portation models; 
parameter values asso-
ciated with travel time in the 
trip-production and trip-at
traction rates of the transpor
tation models; 
travel time (in minutes) 
between urban center j and the 
regional center Delhi, and vice 
versa; 
transportation supply costs 
per trip from urban center j to 
the regional center Delhi, and 
vice versai 
parameter values asso-
ciated with trip-production and 
trip-attraction rates of the 
transportation models; 
expansion factor for the 
trips produced and the trips 
attracted by urban center j for 
purposes other than worki 

total urban population and 
basic-employment growth in the 
region at the horizon yeari 

peak-hour transportation flows 
from urban center j to the re
g i onal center, and vice versa, 
on transportation mode network 
m; 

transportation capacity of link 
i for the transportation corri
dor that serves j to d, or vice 
versa, by transportation net
work mi and 

existing peak-hour transporta 
tion flows on link i for the 
corridor that serves j to d, or 
vice versa, by transportation 
network modem. 

The objective function shown in Equation 5 is 
nonlinear in the decision variables. The basic 
problem i n t h is formul a tion is to find the va l ues o f 
Pj (t+l) t hat optimize the ob j ective function . 
With each level of Pj( t+l) t here are associated 
jobs that are e xpressed by the second term 
EBj(t+l)• The o bj ective function estimates the 
total costs of development for total regional urban 
growth. There are many solution procedures to 
nonlinear optimi zation problems , but the e·f f iciency 
of the procedure depends on the number of indepen
dent variables. 
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Table 2. 1991 population holding capacities and employment targets for urban 
centers of DCR. 

Employment (OOOs) 
Population 

Urban Center (OOOs) Basic Service Total 

I 5200 843.8 768.6 1612.4 
2 400 60 50 110 
3 150 22 17 39 
4 600 122 105 227 
5 JOO 14 II 25 
6 JOO 14 11 25 
7 60 8.5 6.3 14.8 
8 JOO 14 II 25 
9 300 50 36 86 

IO 70 10 8 18 
II 100 14 II 25 
12 75 II 8 19 
13 200 30 24 54 
14 200 30 24 54 
15 200 30 24 54 
16 80 11.5 9 20.5 
17 17 2.3 1.7 4 
18 24 3.2 2.3 5.5 
19 50 7 5.2 12.2 
20 30 4 3 7 
21 60 8.5 6.3 14.8 
22 __iQ, ----22 ~ ~ 
Total 8156 1315.3 1146.5 2461.8 

Figure 6. Annual regional development costs versus degree of centralization. 
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A sequential search procedure of the type illus
trated broadly in Figure l is used to identify the 
optional regional development configuration. There 
are many advantages to this procedure. One is that 
it can generate alternative solutions relatively 
cheaply in terms of computer costs. Second, the 
procedure is flexible and could be modified in the 
future, depending on the understanding of the re
gional system and the availability of data. The 
solution procedure ensures that a minimum total 
public investment for regional urban development is 
achieved. 

MODEL APPLICATION TO HORIZON YEAR STRATEGIC REGIONAL 
PLANNING 

Population and employment targets have been set for 
future time horizons for the Delhi region in the 
National Capital Regional Plan (,~), and these tar
gets are listed in Table 2 for the 22 urban centers. 
A number of alternative regional development poli-

Transportation Research Record 848 

cies have been prepared where these policies may be 
expressed in terms of deviations from the population 
and employment targets listed in Table 2. For each 
of the alternatives examined, the expected growth in 
regional population was allocated in two steps. The 
natural population growth expected in each urban 
center was allocated to the urban center in which it 
occurred while migrant population was allocated in 
the second step on the basis of the costs of devel
opment. 

An issue of concern to governments involved with 
the management of urban growth is the extent to 
which urbanization should be decentralized. Figure 
6 shows the annual costs of development for a range 
of development policies, which range from almost 
complete decentralization of rural-urban migrant 
growth to almost complete centralization of this 
growth. The diagram illustrates that the annual 
costs of development are about 80 million rupees/ 
year, with the transportation cost component varying 
from 41 mill ion rupees/year with heavy decentraliza
tion to about 8 million rupees/year with a policy 
that encourages the strong centralization of growth. 
Intercity transportation flows ranged from 19 000 to 
about 122 000 trips/day for the range of policy 
options. 

Within this range of broad regional development 
strategies there is a large number of more specific 
policy issues, such as the efficacy of investments 
in water supply and transportation in various parts 
of the region. The table below lists seven alterna
tive regional development strategies in terms of 
variations in the population holding capacities from 
the regional plan targets listed in Table 2: 

AJ.ternative 
l 
2 
3 
4 
5 
6 
7 

Variation Over Target Population (I) 
East of Northwest Southwest 

Delhi Delhi Delhi Delhi 

+10 
+20 +10 
+50 +20 +10 
+20 +50 +50 
+50 +50 +50 

-10 +50 +50 

Figure 7 shows the migrant population allocations 
to the various urban centers for four of the alter
natives listed in the table above, including alter
native 1, the regional plan population targets, and 
alternative 6 with the minimum total annual develop
ment costs. The information presented in Table 3 
shows that the annual development costs may be 
reduced by some 28 million rupees from the develop
ment costs that would be required by the regional 
plan population distribution if alternative 6 was 
implemented. Growth would be directed into the 
corridors to the northwest of Delhi and to the 
outermost urban centers in some of the other corri
dors, particularly in the southeast. 

Alternative development strategies that involve 
significant investments in water supply systems in 
the groundwater-deficient areas to the west and 
southwest of Delhi have also been analyzed. These 
alternatives were translated into increased popula
tion holding capacities for those areas that also 
have significant amounts of unused intercity trans
portation capacity. Population growth was directed 
toward these urban centers and there were signifi
cant changes from the regional plan population 
targets. 

Several alternative policies that involve invest
ments in new highway capacity were analyzed; these 
had little impact on regional development patterns 
but did incur a significant increase in transporta
tion investment costs. Although two of the invest-
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Figure 7. Migrant population allocation for four strategies. 
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Table 3 . Migrant population at Delhi, regional basic em-
Mover Pool Population Cost (rupee 000 OOOs) ployment growth, and development costs for alternative 

regional development. 
at Delhi Basic 

Employ- Urban De- Transpor- Total Regional 
Alternative No, Percent ment velopment tation Development 

I I 023 199 40.76 375 540 353.07 31 .62 384.69 
2 
3 
4 
5 
6 
7 

ment strategies reduced the annual development costs 
from the regional plan alternative, these changes 
were small and much greater than the minimum 
achieved under different development policies. 
Major investments in new railway capacity were not 
considered. 

The examples of regional development policy 
analysis presented above provide an illustration of 
the types of policy analysis that may be performed 
quickly and cheaply in any developing region with 
the allocation-simulation model described in this 
paper. 

CONCLUSIONS 

The changing socioeconomic environment in developing 
countries, including the emphasis on industrializa
tion, has resulted in more emphasis being placed on 
regional land use and transportation planning. The 
primary aim of many of these regional planning 
initiatives has been to achieve balanced development 
of a region and to have an equitable distribution of 
resources throughout the region. The Delhi region 
of India provides an excellent example of the plan
ning and resource-allocation problems that face many 
countries with similar problems. Policies of re
gional decentralization have been pursued in many 
countries and simple policy analysis tools are 
required to highlight the costs and impacts of 
alternative regional development strategies. 

A technique has been described that identifies 
regional development patterns that minimized devel
opment costs subject to a variety of constraints. 
Two major cost components are recognized: the costs 
of supporting activities at different urban places 

813 199 32.40 372 072 335.75 34.61 370.35 
803 199 32.00 372 772 335.53 29.57 365.10 
803 199 32.00 372 304 332.59 25.34 357 .93 
803 199 32.00 372 282 334.52 27.79 362.31 
803 199 32 .00 371 808 331.23 25 .18 356.41 
803 199 32.00 371 686 336.46 33.11 369.57 

and the costs of supplying the intercity transporta
tion demands likely to be created by a particular 
development strategy. 

The search procedure operates by allocating a 
hypothetical increment of population growth to each 
urban center and then estimates the employment 
growth necessary to support this population incre
ment along with the expected increase in intercity 
travel demands. The total costs of development are 
then estimated and the increment in population is 
allocated to the urban center with the minimum 
marginal costs subject to any constraints on popula
tion and employment holding capacities and on inter
city transportation capacities. A simple sequential 
search procedure is used to identify the optimal 
allocation of activities. The combinatorial nature 
of the problem is greatly simplified by the radial 
structure of the Delhi region. 
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Multimodal Logit Travel-Demand Model for Small and 
Medium-Sized Urban Areas 
MICHAEL J . CYNECKI , SNEHAMAY KHASNABIS, AND MARK A. FLAK 

The development and application of a one-step modal-split process that uses 
the logit approach and is oriented toward the needs and attributes of small 
and medium-sized urban areas are described. The essence of this study lies in 
the tailoring of commonly available aggregate (zonal) data for use in the dis
aggregate-based logit model, which is currently included in the Urban Trans
portation Planning System planning package. The development of work-trip 
and non-work-trip models is presented suparately for the Flint urban area in 
Michigan. Each model studied the foll owl no five modes: (n l outomobilo. 
drive alone; (bl automobllc. one passenger; (c l automobile, two passengers; 
(di automobile, throe or more pasiengor< ; and (el transit, bus service. The re· 
suits of the study indicate that the development of multi modal logit modal
split models is feasible by using aggregate data, and that the potential of ap
plying this approach in other urban areas is quite high , although further cali
bration and validation efforts are needed before a more widespread applica
tion is practiced. The study also shows that, unlike t<aditional modal-split 
(diversion-curve-ty1ie) models, the resource requirements for these models are 
nominal and thus can be used for transportation planning purposes in small 
and medium-sized urban areas. The model is also sensitive to changes in 
transportation system attributes as well as in tripmaker characteristics and 
can be applied for testing air quality, energy , and other impacts of transpor
tation strategies typical of smaller urban areas. 

The increasing concern about traffic congestion, air 
pollution, and energy shortages in recent years has 
caused most urban areas in the United States to pro
mote public transportation and ridesharing programs. 
Historically, the emphasis on such transit-related 
activities has been directed toward large urban 
areas. It is only during the past few years that 
small and medium-sized urban areas have been receiv
ing significant attention on transit, ridesharing, 
and other transportation system management (TSM) 
programs. 

Travel-demand forecasting constitutes the most 
critical element of the urban transportation plan
ning process. The traditional approach to transit
demand analysis has been criticized as being ori
ented toward larger cities and being insensitive to 
the needs and attributes of small and medium-sized 
urban areas (l). Typically, travel-demand models 
are cross sectional in nature, as these are develop
ed on the basis of data for a single time period 
(2, 3). Empirical re lations are developed from ob
s-;r;ed data on travel, land use, and demographic 
characteristics of the area that are used to fore-

cast future travel desires. The data needs for 
these models are generally very high, and smaller 
urban areas are hard-pressed to commit the resources 
necessary for the collection and retrieval of such a 
data base. The process of allocating travel among a 
number of competing modes, commonly known as the 
modal-split process, has posed particularly signifi
cant problems to these small areas. 

The recent emphasis on different types of ride
sharing programs presents further problems to these 
smaller areas. Most of the available demand models 
can allocate travel between two modes at a time as 
opposed to many modes at the same time. When a mul
tiple number of modes are involved, the analyst must 
take recourse to a submodal-split process that suc
cessively allocates travel between two modes at each 
step. This process of successive allocation can get 
complicated due to the need to calibrate the model 
at each step and to trace backward whenever the 
model output might not provide an acceptable match 
to observed data. 

Obviously, any modeling error committed at a 
given step would be propagated to all successive 
steps by this submodal-split process. Thus, the 
overall reliability of such a model is likely to be 
questionable when a multiple number of modes are in
volved. This process becomes lengthy, involved, and 
costly, which makes it somewhat inappropriate for 
application to smaller areas. 

The above-mentioned procedure, despite the com
plexities involved, has been successfully used in 
multimodal travel-demand forecasting for large urban 
areas (2). There is, however, a need to develop a 
simpler-procedure for smaller urban areas, where re
sources are const rained and whe r e transl t options 
a're qui te limited and bus tra vel is the only fea
sible mode. This need becomes more evident when one 
considers the current emphasis on developing plans 
that involve different levels of automobile occu
pancy. For example, How does the transportation 
planner assess air quality, energy, and other im
pacts of a shift in automobile travel from a low oc
cupancy level to higher occupancy level? What are 
the overall effects of such a shift in the total ve-




