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IMPACT OF INDUSTRIAL FREIGHT FLOWS ON THE OVERALL
TRAFFIC IN SURAT CITY, INDIA

Summary. Surat is one of the major textile manufacturing hubs in India, having
40% of the synthetic fabric produced in the country. The textile industry in the city
has witnessed tremendous growth in the last decade, leading to many
transportation-related changes within it. Textile manufacturing has different phases
like weaving, processing, value addition and trading or distribution. These phases
are located as clusters or pockets in different parts of the city. The scattered nature
of the industry generates numerous freight trips. This study focuses on
characterizing and estimating textile freight trips in the city. Establishment survey
data was collected from production units located in various clusters. A multi-linear
regression model for freight trips generated using the quantity of cloth produced
was developed for the estimation of the total textile freight trips. Thus, this study
will help the planner identify the strategic location of the textile and its allied
industries as well as for freight infrastructure in the city. More so, it would help in
understanding the impacts of textile freight movement on the city’s overall traffic.
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1. INTRODUCTION

Urban freight transportation is entirely different from passenger transport, and significantly
affects the transportation system and environment [1-3]. The freight movement has gradually
become top on the priority list for all major transport researchers and stakeholders around the
world due to its unpredictable characteristic at the city level. Although remarkable research
studies have been carried out in the various areas of freight movement like urban, regional and
international freight movement and in technologically advanced nations like the U.S., U.K.,
Germany, Netherlands, Sweden, Japan, etc., it is still at a dormant stage in most developing
economies of the world including India. India is considered one of the fastest-growing major
economies in the world and it is expected to have at least 10 megacities by 2030. With its high
growth in industrialization and expanding city boundaries, the movement of goods in its cities
is becoming increasingly complex. Cities in India, like most developing nations, have a highly
heterogeneous traffic condition. Lane discipline and traffic sense are usually in a dismal state
in most Indian cities. In such a scenario, the goods vehicle movement often results in overall
speed reduction and acts as a hindrance to the flow of other private and public vehicles. The
current situation is bound to grow worse with increasing urbanization and cities getting denser.

Textile manufacturing is the second largest industry after agriculture, offering large-scale
employment to both skilled and unskilled workforce, with more than 35 million people in the
country directly engaged in it. In India, many cities like Surat, Kanpur, Ahmedabad, Mumbai,
Banaras, Mysore, Kolkata, Coimbatore and Madurai are hubs of textile manufacturing. The
urban freight movement resulting from the textile industry upsets the city traffic operation and
has great impacts on its congestion and pollution levels. The quantification of this congestion
and CO. emission has prompted the need to control the chaotic movement of goods traffic. To
understand the quantum of trip generation of this industry, this study was conducted. Multi-
linear regression model for trips generated and quantity of cloth produced due to the weaving
unit in the study area was estimated.

2. STUDY AREA DETAILS

Surat is located in the state of Gujarat in the western part of India. A detailed map of the
Surat metropolitan area highlighting the area of Surat city is shown in Figure 1. It is one of the
fastest-growing major cities in the country, ranked as the 9th biggest city in the country from a
population and size of the economy point of view. The city of Surat is popularly known as "The
silk city"” or "The synthetic capital of India".As per the census of India in 2011, Surat city has
an area of 326.515 sg. km with a population of 4,466,826 people [1]. The city has a density of
13,680 persons/sq. km. The decadal population growth of the city is 55.29% (2001-11). It has
seven administrative zones, 29 election wards and 101 census wards.

The major industries in Surat are textile, diamond polishing, engineering, chemicals, etc.
A report by the Industrial Entrepreneur Memoranda (IEMs) (2006-07) on Surat district showed
that textile has the highest employment generation potential. Majority of the population
migrating to Surat for employment are involved in the textile industry. Surat accounts for 40%
of the nation’s synthetic fabric production and 28% of synthetic fiber production. It similarly
accounts for 18% of the total nation's synthetic fiber export. As per the report of Vibrant Gujarat
(2017), the textile industry of Surat produces 30 million meters of raw fabric and 25 million
meters of processed fabric daily [2]. The textile industry in the city has developed organically
with different segments of production units located in different parts of the city. The main
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segments of the industry, which are the weaving unit, the processing and dyeing unit and value
addition, are located in different parts of the city in the form of industrial clusters. A schematic
representation of various textile manufacturing segments and various transportation hubs in the
city is mapped using the ArcGIS software shown in Figure 2.

SMC AREA
326.51 5Q. KM.

EXISTING SURAT URBAN
- DEVELOPMENT AUTHORITY
722 5Q. KM.

EXTENDED SURAT URBAN
D DEVELOPMENT AUTHORITY
635 50, KM,

Fig. 1. Surat city and metropolitan area

To understand the scale of operations and have a basic understanding of the textile industry
of the city, secondary data regarding the numbers and location of the various units were
obtained from the Office of Textile Commissioner, Ministry of Textile, and Regional Office.
Various other associations and societies working in collaboration with the textile industry were
met to understand and devise an effective and efficient methodology toward obtaining primary
data from the various units. These associations included Man-Made Textiles Research
Association (MANTRA), Ved Road Art Silk Small Scale Co-operative Federation, Pandesara
Weavers Co-operative Society, The Federation of Gujarat Weavers' Association (FOGWA),
The Surat Art Silk Cloth Manufacturers Association (SASCMA), Federation of Indian Art Silk
Weaving Industry (FIASWI), Southern Gujarat Chamber of Commerce and Industry (SGCCI),
District Industries Center (DIC), and the Ministry of Micro, Small and Medium Enterprises.



48 B. Dhonde, C. Patel

Kim N
®

A

Pipodra
®

Sayan
®

\ J |
FGSRTC Bus Station
‘a}olfi'l'rmsjp?n hub_

A— e Kadollara Milﬁs,.f"’
‘ us|Depot 5

g Jolya

a Raifway Statio ) >a -\
ke m”‘M” J
L F v ‘ ¢ biigin Mills
Legend ) \ | WA ’
gen LT
®  Public_Transportation A S
® Transportation_Hub
® Processing_unit
®  Weaving_unit
road_surat
Polygons
Name
Bombay Market
Ring Road Textile Market
Ring Road Textile market 0 3,500 7,000 14,000 21,000

(™ s ™ —" LS CE

Fig. 2. Schematic location of segments of the textile industry in Surat

3. LITERATURE REVIEW

Ideally, like other passenger transport modes, freight transport equally follows the
conventional four-step modeling, that is, trip generation, trip distribution, mode choice and
route assignment. However, unlike passenger transportation wherein most of the decisions
concerning all four stages of the trip are believed to be rationally taken by the passenger himself,
the biggest challenge with freight transportation is that each stage involves multiple agents in
the decision-making process for the freight or goods transported. This is compounded by the
fact that they have their priorities and interests, which are diverging sometimes.
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3.1. Commodity flow surveys

The study for achieving harmonious freight flows started in the early '60s in Europe and the
U.S. Most researchers used different forecasting tools to project the freight generated using
different parameters like establishment size, number of employees, or industry attributes.
Several models have been proposed and used for freight generation in different states of the
U.S., which are synchronized with their state-level planning policies. Over time, freight studies
began to consider regional and interregional commodity flow for understanding freight flow
patterns. The major research contributions are; estimation of zonal commodity generation using
commodity-type specific growth rates [3], estimation of freight generation at the national level
[4], modeling of interregional commodity flows that incorporates regional flow relationships
and the corresponding transportation network flows [5]. Giuliano et al. (2010) estimated intra-
metropolitan freight flows on a highway network [6], use of input-output (I0) data with
employment and population information to estimate commodity production and attraction at
zonal level [7]. 10 models took commodity flow surveys as their prime database. These models
are generally implemented for large-scale systems at the regional, national or international
level, as they require a great amount of data on regional economic activity and interregional
flows. The basic requirement of these types of models is that they require very rigorous
commodity flow data. While the commodity flow survey is fundamentally based on the number
of tons produced or attracted by a zone, enabling understanding of the prime economic activity
of the study area. The destinations to which these goods are transported give a distribution
pattern, which, indirectly, can be used to access the type and volume of vehicles depending on
the available modes. This method, however, does not explain the movement of empty trucks or
return trips generated after the delivery of goods. In addition, this method assumes that the
origin-destination pairs would naturally follow the shortest route, which is not always the case.
Besides, the data collection in this method of survey is very expensive and time-consuming,
making it less attractive among researchers.

In a country like India, such a system hardly exists, there are interzonal freight flow data
available for the rails but no such database for road movement. In this case, it becomes very
difficult to prepare commodity flow models in the Indian scenario. However, depending on the
type of industry, a strong commodity flow database can be developed by pooling the data of the
various commodity produced from the trade association or society, which manages a directory
of the list of producers in a particular region. For example, data related to the type and quantity
of a particular textile manufactured in a particular industrial clustered can be obtained from the
association of processing units or mills.

3.2. Vehicle trips surveys

The time being alternative to these commodity flow models for the Indian scenario is the
freight models based on vehicle trips. These models are widely used in countries like the
Netherlands, Germany, Italy, the U.K. and the U.S. These models focus on the movement of
freight vehicles between their origin and destination points thereby giving an idea of the freight
flow across the study area. The data for these models are obtained either from the origin-
destination points or from the field data using vehicle volume counts. Over the last two decades,
these models have been preferred for surveys at the city or metropolitan region level.
Researchers in the west have used different modeling techniques for forecast freight generation
(FG), or freight trip generation (FTG). The major contributions include the use of linear
regression [8], cross-classification and ordinary least square (OLS) for estimating disaggregated
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freight trip delivery rates [9], analysis of trip generation characteristics for special land use truck
traffic [10]; and consideration of the supply chain decisions made by individual businesses [11].
The basic advantage of a vehicle trip-based survey is that it considers a freight vehicle as a unit,
and so a large amount of data can be obtained by various surveys related to the vehicle counts
like traffic volume study, screen counts and cordon study. In addition, while considering the
vehicle trip survey, considering the empty vehicle trip is not much of a problem as it observes
only a trip made by a goods vehicle in either of the direction, which means the return trip with
some other goods would be considered as a separate unit in the survey. Thus, data availability
is quite easy and at a lower cost using this method

Although the vehicle trip survey method is better compared to commodity flow, it also has
some disadvantages. First, it is unable to model any economic value for the study area based on
the vehicle trips survey. This is merely the number of trucks moving in the study area, relating
it to the amount of various production and consumption pattern is quite difficult. Further, the
use of this method becomes even more complicated when more than one mode of transport is
likely capable of movement of goods between a pair of locations, which is the usual real-life
scenario. Hence, this model alone is also unable to completely model the freight movement.
For understanding and modeling the actual freight movement, we need to understand the two
dimensions of it, that is, the volume or weight and the vehicle trips, which corresponds to the
freight generation and freight trip generation, respectively. Volume or weight of freight
generated can be well estimated using the commodity flow method, for forecasting the freight
trips generated from the vehicle trip-based models, would give better estimates. Combined
studies taking data both from commodity flow and vehicle trips can be modeled to get complete
freight flow models, which is probably the way forward.

3.3. End consumer goods movement study

Apart from the trip generation models at the establishment level of various types, another
area that is explored in freight studies is the end consumer goods movement. This can be defined
as the movement of goods from the retail outlets/points to the point where their end
consumption takes place. End consumer goods movement can be a conventional approach
wherein the consumer makes the trip for purchasing the goods, or internet or
telecommunication-based order is placed for a specific goods/commodity that has been
purchased. Estimation of the total number of housing shopping trips by using such variables as
household size, number of workers, number of licensed persons, and number of vehicles [12].
Further, a general transportation rates model to find the main factors that affect the total number
of shopping trips in North American metropolitan areas, adding to classical models some
hypothesized factors, which note the effects of new technologies, such as e-commerce,
teleshopping and grocery home delivery services [13]. Similar other studies have been
conducted by other researchers in different cities [14-16]. Recently, a study on economic and
policy analysis of e-commerce and traffic congestion was reported [17].

3.4. Online shopping and delivery pattern study

In the case of online shopping, the customer goes to a website/mobile application and
browses through the goods displayed via text and graphic information. After selecting, the
customer pays electronically either using a credit card or some other form of electronic payment
or even cash on delivery when the goods are shipped directly to the customer’s home [18].
While substantial literature is available on the impact of online shopping and travel behavior of
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the customers, there are two schools of thought, first is that the customer would first go to the
physical stores to make an actual selection of the goods, and then would browse for online
shopping, which would eventually increase the overall vehicle kilometers traveled (VKT) [19].
The second is that online shopping would gradually act as a complete replacement of the old
travel patterns and there would be consolidation of the city logistics [20, 21]. On the freight
side, among other things, the possibility of cheaper online goods due to economies of scale
would increase demand, which, in turn, would increase the number of deliveries made.
Additionally, online ordering increases the potential for goods to travel further as they can be
ordered from anywhere in the world. The combined outcome of all factors indicates that e-
shopping will reduce travel on the net. However, on the contrary, there may be negative impacts
due to increased travel, even if those impacts are likely to be localized and/or small in
magnitude for the most part [22].

In India, in the recent past, some researchers have worked to model freight transport for
urban areas as well as regional levels. Documented findings for the research in these areas
include the development of freight trip generation models for Chennai, India, with
disaggregated survey data at the establishment level [23]. Development of a static freight
distribution model of commodity flows over the city’s transport infrastructure using data
collected from a cordon survey of freight vehicles in Ahmedabad [24]. Analysis of the role of
Non-Motorized Transport (NMT) in goods movement both in core commercial areas as well as
in the old city in Delhi [25]. Inbound and outbound forecasting models for freight generation at
Mumbai port [26]. Recently, a study was conducted to access the transferability of freight
generation models for seven different cities in the state of Kerala, India [27].

4. DATA COLLECTION AND ANALYSIS

As per the data registered with the Office of Textile Commissioner for the year 2011-2012,
there are about 6.2 lac plain power loom machines, 513 processing units, 140 textile markets
and 8 textile parks in Surat. There are more than 60,000 traders associated with the industry
here. Recently, value addition units like embroidery and laces have grown and it is estimated
that there are more than 1.25 lacs of these machines currently installed in the city. The exact
number of the machines or units are not available as the industry is highly segmented and small-
scale operation makes it difficult to have exact data. The industry does not have any controlling
manufacturing policy; hence, the data obtained are only close estimates from the concerned
authorities. It was understood that after every segment of textile, goods travel to ring road
trading market area, making additional 4-5 trips of textile goods during the process of
manufacturing of finished goods from grey cloth.

From the literature review and meeting with personnel, factors were identified and a
questionnaire survey form was made. A survey was conducted by visiting the weaving units
located in different parts of the city. Two hundred and fifty weaving units were approached, of
which 122 owners agreed to the survey. The questionnaire survey form was divided into sub-
sections. The various subsections of the form are- establishment information, owner's
information, weaving machine details, building use and area details, cluster details, employee
details, work hours details, parking facility, cargo produced/received details, details of the trip
starting from the weaving unit, details of the trip ending at the weaving unit and establishment
related details.
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From the data collected, it was understood that different machines require a different number
of employees and area, production varies as per machine type, work time, the method used for
manufacturing, even some machines produced finished goods (for example, jacquard machine
produced sari). As owners were reluctant to share data; some part of the data was not obtained
as required for establishing relationships for a trip generation while some data points were found
outlying the other data points. Some data points were not within the 95% confidence interval.
As the outcome of the textile industry is dependent on all these factors and deviation in these
factors causes deviation in the outcome. Such samples were considered as outliers and a
relationship was formed for data obtained for plain power loom machines only, as plain power
loom machines account for 96.57% of the total weaving machines in the study area. From the
122 samples, 42 samples were used for the trip generation model. It was observed from the
overall information obtained from the survey that the freight trip generation (FTG) and quantity
of cloth produced from a unit have a very strong positive correlation. Hence, the quantity of
cloth produced is considered as a surrogate measure for estimating FTG from the production
units. From the data analysis, it is observed that the quantity of cloth produced and termed as
output is largely dependent on three factors of production that are as follows,

e Number of weaving machines installed
e Number of employees at the unit
e The total floor area of the unit.

Linear regression equations were derived for these factors toward understanding the effect
of these factors individually on trip generation and quantity of cloth produced by the plain
power loom machine. Figures 3 - 5 shows the linear regression results for trips generated and
the quantity of cloth produced. Other factors like road width, municipal facilities, and electricity
supply have a negligible impact on the production of textiles in the city

4.1. Relationship between output and number of weaving machines

In linear regression analysis, the quantity of cloth produced is a dependent factor and the
number of weaving machines installed at the establishment is an independent factor. Some units
have waterjet or rapier type of weaving machine, wherein area requirement is more as compared
to the regular power loom machines. As stated by the owners of the weaving unit, the quantity
of production varies from unit to unit due to the method of production adopted by the unit.
Figure 3 shows the graph for the 42 observations noted at the power loom units. The linear
regression equation is given as:

Q = 11.666 + 1.3579 * Npm(R2 = 0.9189) 1)

where,
Q = Quantity of cloth produced per month in 1000 m,
Npm = Number of power loom machines at the unit (in number).

The linear equation implies that one machine can produce 1.35 thousand meters of cloth per
month. From Figure 2, it can be observed that the same number of machines produce different
amounts of cloth in some cases. Production is dependent upon the quality of raw material,
manufacturing techniques used for production and work hours of the machine. From the graph,
it is observed that the same number of machines have a variety of amount of cloth production
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Fig. 3. Linear relation graph for production output and number of machines
4.2. Relationship between output and number of employees

For power loom units, which consist of most weaving units in the city, the number of
employees required for the operation of the unit is dependent on the type of weaving machines
and additional activities undertaken during and after the fabric production. The survey showed
that there are different categories of workers employed in the weaving unit. The different
workers are the power loom unit workers, TFO workers, winding workers, etc. It was observed
that one worker could handle 12 power loom machines for one shift. The number of workers
depends on the number of machines at the unit and work hours of the unit, which is the reason
for the point lying away from the trendline as shown in Figure 4. The linear regression equation
is given as:

Q = 8.7637 + 6.2756 * Ne (R2 = 0.7909) (2)

where,
Q = Quantity of cloth produced per month in 1000 m,
Ne = Total Number of employees (in number).

The linear equation implies that one employee produces 6.27 thousand meters of cloth per
month. As shown in Figure 3, points are away from the trendline, the reason for this is the work
hours of the unit and the type of fabric variety produced at the unit. The numbers of workers
are different for the same number of machines reason being that the work hours of the unit
varies. Staff scenario is different for different units. In some units, the owner plays the role of
staff, at some places, staff workers work for 2-3 units at different times of the day, whereas for
some units, staff work for a single unit. The number of staff depends on the need and quantum
of working of the unit. It is observed in certain production units that additional staff is required
for winding, warping and resizing of the fabric, which does not add to the total production
output from the unit.
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Fig. 4. Linear relation graph for production output and number of employees
4.3. Relationship between output and total floor area of the establishment

From discussion with owners of weaving units, it was understood that power loom machines
are mostly placed on G + 1 floors. In rare cases, they are placed on the upper floor; on the upper
floors other activities of manufacturing (TFO or warping, etc.), storage (warehouse), office
uses, and use by embroidery units usually occur. Owners were not able to provide the specific
area details (that is, the area under manufacturing of grey cloth), which is the main reason for
the variation of points from the trend line as shown in Figure 5. The linear regression equation
is given as:

Q = 3.18 + 0.112 = A(R2 = 0.9026) ©)

where,
Q = Quantity of cloth produced per month in 2000 m,
A = Total floor area at the unit (in sq. mt.).

The linear equation implies that one sg. mt. of the area produces 112 meters of cloth per
month. As explained before, it is difficult to find the exact area under the machine, which results
in variation in the results. At the same time, for the same area, working hours play an important
role in estimating the quantity of cloth produced. Linear regression derived for the quantity of
cloth produced per month in 1000 m shows results for individual factors as summarized in
Table 1.

To find the combined effect of these factors on trip generation and quantity produced, the
multi-linear regression should be derived. A multi-linear regression model was prepared for
estimation of the quantity of cloth produced per month based on independent factors such as
the number of power loom machines, area of the unit and number of employees. This multi-
linear regression model gives a combined result of the independent variable on the dependent
variables.
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Tab. 1.
Summary of linear regression for the quantity of
cloth produced per month in 2000 m

Linear regression equation for the Remark
quantity of cloth produced per
month in 1000 m
Q=318+0.112*A One sg. mt. of an area can produce 112 m
of cloth per month

Q=11.666 + 1.3579 * Npm One machine can produce 1357 m of cloth
per month

Q =8.7637 + 6.2756 * Ne One employee can produce 6275 m of
cloth per month

5. RESULTS

Quantity produced in thousand meters per month is a dependent variable in the multi-linear
regression model. The total number of power loom machines at the unit, total floor area of the
unit and the total number of employees employed at the unit in all shifts are the independent
variables in the model. Multi-linear regression model for quantity produced in thousand meters
per month is given as:

Q = 2.6282 + (0.6836 * Npm) + (0.4615 * Ne) + (0.0528 * A)
(R2 = 0.9461) (4)
where,
Q = Quantity of cloth produced in 1000 m per month,
Npm = Total number of machines at the unit (in number),
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Ne = Total number of employees at the unit (in number),
A = Total Floor Area of the unit (in sq. mt.).

As per the data collected, there are 6.2 lac power loom machines, 25,000 weaving units, and
the average area of one unit from the survey is obtained as 970 sg. mt. The number of employees
is considered as per the thumb rule that one worker can handle 12 machines for one shift of 12
hours. From this data, the magnitude of trips generated per month due to a weaving unit can be
estimated.

Quantity produced in thousand meters per month = 1751923.269
Quantity produced in thousand meters per day = 58397.4423

As per the model, approximately 58.39 million meters of cloth production per day will be
generated due to the power loom unit. From the interviews with the industry experts, it was
derived that light commercial vehicles having a laden weight capacity ranging between 0.6 to
1.5 tons are commonly used for transportation of textile goods in the city. In this study, an
average loading capacity of 1 ton per vehicle was considered. Further, from the interviews with
the power loom operators, it was discovered that the approximate weight of 1000 meters of
cloth is around 75 kilograms. Thus, the total number of trips generated due to textile production
in the city can be estimated from the total production output.

Total freight trips resulting from textile production in the city =
The total quantity of cloth produced (in 1000 m) x  Average laden capacity of LCV

Approximate weight per 1000 m of cloth
Total trips from textile production are = 4380 LCV trips per day.

Figure 2 shows the location of all the segments of the textile industry in Surat along with the
transit terminals. It can be observed that most weaving units and transportation hubs are
concentrated near the central part of the city where the ring road market is located. This setup
leads to textile freight movement within the central part of the city. This textile freight
movement creates a hindrance to the normal traffic of the city. The estimates of the multi-linear
regression model for the quantity of cloth produced shows 58.39 million meters of cloth
production per day and the generation of approximately 4400 LCV freight trips per day.
This huge number of trips creates traffic congestion in the ring road area. The estimated trips
are only the trips for carrying grey cloth from the weaving unit to the ring road trading area.
Further trips are not estimated in this study. The set-up of different segments of the textile
industry in different parts of the city attracts textile freight movement within the city.

6. CONCLUSIONS

City sprawl plays an important role in the increase and mixed traffic flow conditions of the
urban traffic and textile freight movement. Initially, textile segments were located on the
outskirts of the city, hence, causing no traffic problems to it. However, gradually, city sprawl
took place and segments came near to the city boundary, increasing traffic problems. Presently,
due to the further sprawl of the city, most segments of the industry are within the city limits.
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This results in the ring road textile market area acting as a central trading hub located centrally
within the city limits for the industry. Linear regression model for trips generated and quantity
of cloth produced showed a linear relationship between dependent and independent variables
satisfying the value of R2. A multi-linear regression model for Trips generated and quantity of
cloth produced by the plain power loom machine was formed. The estimates of the multi-linear
regression model for the quantity of cloth produced showed 58.39 million meters of cloth
production per day and generation of approximately 4400 trips per day (approximately 750-800
trips per hour for an average peak of 2.5-3 hours during morning and evening times).
Accordingly, these trips included trips from the weaving unit to the ring road market or export
(that is, single trip); further trips or the trips attracted for delivery of raw material to the weaving
unit are not included. There is a dearth of data in this sector due to its highly decentralized
nature, otherwise, there is wide scope for the study of the trips generated and attracted by the
setup of the textile industry in the city.
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