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Abstract: Vegetable vendors play an important role in the daily life of common people in urban India. It is
often observed that the vegetable vendors locate themselves in certain places, which are suitable for both the
vendors and buyers. Therefore, predicting their location is a significant factor in urban planning at a micro level,
i.e., tier Il cities. Thus, the current study formulates a model for the identification of the location of vegetable
vendors in an Indian tier 1l city. In this paper, an attempt has been made to find a tool that would predict the
location of vegetable vendors, taking the Indian city of Raipur (Chhattisgarh) as a case. Analytical Hierarchy
Process and Logistic Regression methods are used to predict the location. The tool, thus, arrived and hence
successfully predicted (with about 88% accuracy) the location of vegetable vendors of Raipur.
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Introduction

A large portion of the global population today
resides in urban areas; and therefore, the suitability of
site selection by a vendor plays a crucial role in urban
setup. Weber [1] the first to explicitly establish the
location theory, aimed at minimizing the total trip

distance between a warehouse and a group of spatially
scattered consumers. Working & Hotelling [2]
formulated the "principle of minimum differentiation”
theory. About two decades later, Isard [3] revisited
Weber's work [1] in his study of industrial location,
land use, and related issues. This work was further
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expanded by Margaret & Samuel [4].

Studying the selection of a location is a critical
aspect of economic geography, regional planning, and
development [6]. It may also be noted that besides
other factors that typically affect the success of a
business, location is an important factor. However,
there have been very few studies that have explored the
location behavior of Indian street vendors; and
therefore, there is a need to better understand their
location preferences [7, 8].

Indian cities are classified as X (tier | cities in
India), Y (tier Il cities in India), and Z (tier Il cities in
India) categories by the government, based on the
population density. The study area for this research is
Raipur, Chhattisgarh, which comes under the tier Il
category [9].

Vegetables are very important constituents of an
Indian meal. Vegetable vendors play an important role
in (supply chain) and serve as an important source of
buying vegetables in tier Il cities. In the tier | cities, the
source of vegetables for a household is mostly from
online delivery. Whereas in tier 1ll cities, mostly the
households have their own farms and produce. Hence,
a tier 11 city has been taken for the study.

1. Literature Study

'‘Location' has been defined as placing business,
facility, or group of facilities of a specific size and type
within a specific area [10]. The topic “location” has
received keen attention from economists, urban
planners, and policymakers, as the location of any
business, does affect several regional development
factors [10]. Thus, location theories became an integral
part of economic geography.

The location selection is a key aspect of strategic
investment decisions in the behavior of street vendors
that is affected by a number of variables in addition to
production costs and profit. Most of these factors have
been categorized in various ways. For example,
location factors such as land use, drainage, parking
areas, road types, accessibility, waste disposal, street
light facilities, water supply, and population have all
been prioritized, especially when it comes to vegetable
vendors [11].

Important location factors include raw materials,
transportation, markets, labor, capital, industrial
energy, and community, according to the literature
analysis [12, 13]. The primary objective of this study
was to predict the location of vegetable vendors. To
fulfill this objective, AHP (Analytical Hierarchy
Process) and Logistic Regression Methods, are being
used as primary tools.

2. Method

The adopted method comprises four major
components: 1) selection of criteria 2) development of

the Analytical Hierarchy Process (AHP) structure, 3)
selection of sample size, and 4) logistic regression. For
this research, the criteria and attributes of the location
of vegetable vendors are selected from the literature, as
well as from various experts’ opinions.

2.1. Selection of Criteria

In this study, 110 papers were selected from the
literature relating to the location of various issues. Out
of these, 70 papers largely talked about issues relating
to deciding a particular location, while 40 papers are
related to several issues and problems that vegetable
vendors face. Access, environment, market, and
population are some of the primary identified criteria.

Fig. 1 illustrates the criteria selection process. To
further reduce the attributes, an 'experts’ opinion’ was
conducted (sieving process) to refine the attributes
further. The experts' opinions were averaged using a 7-
point Likert scale. Notably, the average value was
allowed if the values were higher than or equal to 4, as
in the 7-point Likert scale 4 was the mid values, which
stands for “Neither Disagree nor Agree”.

110 Papers for
locational criteria

l l

70 Papers for 40 Papers for
locational criteria locational criteria

| |
|

Experts’ opinion for
the sieving process of
criteria for the
location of vegetable
vendors

Fig. 1 Criteria selection process (Developed by authors)

2.2. Development of the AHP Structure

AHP is one of the most frequently used multi-
criterion decision-making (MCDM) techniques [14]. It
handles several criteria relatively easily; specifically, it
involves pairwise comparison, priority vector, and
ranking principles [15-19]. AHP was developed by
Saaty in the 1970s [15].

Criteria and attributes obtained
from literature study
Hierarchically structuring for
location of vegetable vendor
Weight calculation for every
criteria and attribute by pairwise
comparison
Calculating Global weight for each
criteria and attribute by multiplying
the criteria weight with each of its
attribute weight

Consistency check

If the consistency is
less then or equals to l
0.1 then it is acceptable

Ranking the weighted criteria and

attributes

Fig. 2 AHP application procedure (Developed by authors)
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Here, the objective of using the AHP was to obtain
the experts’ opinions and calculate the weights of the
criteria and attributes. The application process is
explained in Fig. 2. After gathering the required
information from the literature review, the AHP
structure is followed for the vegetable vendor's location
criteria. The AHP method follows a general procedure
that is:

1. Problem statement and derivation of goal.

2. ldentification and selection of criteria and
attributes to achieve these objectives.

3. A matrix is created between the sets of criteria
and attributes. The comparisons are made between
these sets. Furthermore, weights are obtained by
comparisons between attributes for each criterion.

4. The consistency of responses is confirmed by
calculating the consistency ration (CR).

5. By analysing the calculated weight ranking is
determined [19-21].

| coaL |

CRITERIA | ATTRIBUTES |

Roadside Dumping
(C14)

Type of Road (C, 5)

Access (Cy)

Accessibility (C; 3)

Street Light (Cy.4)

Landuse (C; 4)

Environment (C;) Drainage (C;5)

GOAL
(Identification of location of vegetable vendor)

Waste Disposal (C,3)

Type of Parking (C5 1)

Market (C3) Water Supply (C3,)

Parking Space (Cs3)

Population (C,) Population count (C4 4

Fig. 3 The hierarchical structure of vegetable vendor location
selection (Developed by authors)

2.3. ldentification of Criteria and Attributes

The criteria for location were established using
relevant literature and the experience of domain experts
[22]. The study's goal, criteria, and attributes were
further split down into the study's hierarchical structure
(Fig. 3).

The nomenclature of the criteria and attributes are
related to each other. In this case there are 4 criteria
(C4, Cy, Cs, Cy) and attributes are named on the basis of
criteria in the form of sub numbering (Cy4, ....C14).
Also, it shall be mentioned that when deciding where to
put the vegetable vendors, planners must take into
account four crucial criteria in level 2, which are access

(Cy), environment (C,), market (C;), and population
(Cy). In the next level 3, Fig. 3 shows 11 attributes are
assigned for the location identification, which are
accessibility (Cy;), street light (C;,), road side
dumping (C.3), water supply (Ci4), a type of road
(Cys), waste disposal (C,.), land use (C,,), drainage
(C23), parking space (Cs,), a type of parking (Cs), and
population count (Cy.1).

2.4. Data Collection

The expert’s opinion was circulated through a
questionnaire by email to sixty decision-makers. They
were chosen from a cross-section of the society
comparison of the vegetable vendors, architects, urban
designers, town planners, business analysts,
management analysts, and users.

In the paper of Chen [23], the 70 percent response
rate was considered for the expert’s opinion survey.
The response rate of this study was 75 percent of the
total survey, which was taken into consideration. The
respondents were asked to assess the relative
importance of the criteria and attributes in relation to
the overall objective of identifying the location of
vegetable vendors.

A pairwise comparison is the process of comparing
criteria and attributes in pairs to determine which of
each criterion and attribute is preferred, has a greater
amount of a certain weight, or if the two entities are
identical [24, 25]. Each criterion with the criteria and
attributes with the attributes were compared pairwise to
determine their relative importance, and then the
weights were calculated using the nine-point scale
developed by Saaty [15]. This 9-point scale measures
the intensity of relative weight (importance or well-
being).

When the intensity of relative importance is ‘1 it
means that both the activities are of equal importance
and both have equal contribution in achieving objective
‘1’. When the importance value measures 3’ it
indicates that one of the activities has moderately high
importance over another. The importance value 5’
indicates that one of the activities has much stronger
importance than the other. The intensity value
measuring ‘7’ indicates that one activity is strongly
flavored and it demonstrates dominance over the other
activity. The scale value ‘9’ indicates that one of the
activities is of the highest possible order of affirmation
and it is an extremely importance activity than the
other one. The intermitted values 2, 4, 6, and 8 indicate
the middle judgment values.

2.5. Final Ranking

Table 1 highlights the weights for the criteria and
attributes used to identify the location of vegetable
vendors and their ranking. The attributes were ranked
using global weights, which were derived by
multiplying the relative weights of each attribute by the
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relative weights of the criteria. Based on the global
weights obtained, the attribute with the highest score is
the priority.

2.6. Selection of the Sample Size

According to the Municipal Corporation of Raipur,
there are 7336 street vendors, of which 1700 are in the
category of vegetable vendors [26]. The sample size
taken for the city of Raipur was 300 on an arbitrary
basis, and the survey was conducted using GPS
essentials for the geotagging of the location of
vegetable vendors in Raipur.

2.7. Logistic Regression

It is possible to obtain the prediction, using machine
learning algorithms because of their explainability and
transparency. To the prediction, there are some
supervised machine learning algorithms; some of which
include Random Forest, ANN, Naive Bayes, and
Logistic Regression [27, 28]. Logistic regression is
specifically used as a quantitative statistical method for
prediction [29]. Logistic regression studies the
relationship between a categorical dependent variable,
and a set of independent (explanatory) variables [30].

The Logistic Regression technique produces a
continuous spatial s-curve model for predicting the
location of vegetable vendors with values ranging from
0 to 1. Values close to 1 indicate a high probability of
presence, whereas values close to O indicate a high

probability of absence [30, 31]. Here, binary logistic
regression is used as a prediction for good or bad
locations for vegetable vendors is predicted. Binary
logistic regression (LR) is a regression model in which
the target variable has only two possible values, 0 or 1
[32].

3. Results and Analysis

The evaluation criteria for location decisions were
established using relevant literature and the experience
of domain experts [22]. In Table 1, the relative and
global weights for the location selection of vegetable
vendors are shown:

3.1. Data Incorporation in the Prediction Model

Attributes in Table 1 are taken forward for the
logistic regression model for the location prediction of
the vegetable vendor.

The attributes in the Table are accessibility, street
light roadside dumping, water supply, a type of road,
waste disposal, land use, drainage, parking space, a
type of parking, and population count. Then, the
weights of the attributes and alternatives are
incorporated in the logit function to predict the location
of the vegetable vendor. The approach of training and
testing data demonstrate under fitting and over fitting
of the data with varying scores.

Table 1 Relative and global weights for each criterion and attribute in vegetable vendors' location selection (Developed by authors)

Criteria Local Score (W;) Attributes Local Score (W;,) Global Weights (W; X W;,) Ranking

Access (Cy) 0.265 Roadside Dumping (C,;)  0.053 0.011 10
The Type of Road (C; ) 0.331 0.071 5
Accessibility (Cy.3) 0.384 0.083 3
Street Light (Cy4) 0.232 0.050 8

Environment (C,) 0.258 Landuse (C,4) 0.559 0.163 2
Drainage (C,.) 0.184 0.054 7
Waste Disposal (C,.3) 0.257 0.075 4

Market (Cs) 0.118 The Type of Parking (C;;) 0.268 0.029 9
Water Supply (Cs.,) 0.084 0.009 11
Parking Space (Cj3) 0.648 0.070 6

Population (Cy) 0.359 Population Count (C, 1) 1 0.384 1

1 1.000

3.2. The Process for the Logistic Regression
Implementation

The Machine learning-free software Kaggle
Notebook containing the prediction model, which was
developed using Python programming code. For the
implementation of the proposed system, the following
Kaggle Notebook procedures are carried out:

1) Adding data to a Pandas Data frame library
using the Load Data method.

2) Then, confirming the data
null/missing/NaN (Not a Number) values.

3) To evaluate or interpret the data,
(Exploratory Data Analysis [34]) was performed.

4) Feature Engineering (FE) is selected when

frame for

EDA

encoding data and assigning weights based on scale
input data [34]. In which it refers to the manipulation,
addition, deletion, combination, mutation of data set for
better training of the model, and greater accuracy.

5) The data is then separated into two parts testing
data (20%) and training data (80%).

6) A logistic regression model was built using
training data, and it was then verified using the final
20% of testing data.

7)  After finishing these steps, a mock evaluation
was conducted for the city Raipur and inspected for
over and under-fitting data frame.

8) The data is optimized for the removal of over-
or-under fitting with hyper-parameter as a controller.
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9) The remaining 20 per cent of unlabeled data
was then predicted based on the preceding processes.

In Fig. 4, there are two scores: the Train Score and
the Test Score. The prediction model is tested using the
many points that fall between these scores. Hyper-
parameters are the parameters that are explicitly
defined to control the learning process. Based on this,
the model had three regularization parameters (C) that
fall into this category and have values of 10, 10, and
10°°. The best score model is accepted with a difference
of 5%-10% between the train score and test score. The
model scores 99.16% train score and 90.00% test score
in 10™. Whereas, 98.33% train score and 90.00% test
score were found for 10°. Then, for 10°®, 96.66% was
the train score and 88.33% test score.

1.0 98.33

== Train Score
—&— Test Score

06
05

108 1079 102 10! 104 107
C
Fig. 4 Graph representing the train and test results of the model

(Developed by authors)
Note: C - hyper parameter

The model 10° was rejected because the prediction
score was found to be 78%. In the cases of 10™ and 10°
° both models were eligible because the model
difference was less than 10% and their respective
prediction scores were 86% and 88%. Since the 10
model was less precise than the 10° model, therefore
the model 10 is adopted.

The 10 value model was found appropriate, with a
difference of 8.33% between its train and test scores of
98.33 and 90.00 respectively. To validate the model, 50
new locations of vegetable vendors across Raipur City
were studied. The model was found to be successful in
44 of 50 locations for Raipur city, achieving a
prediction accuracy rate of 88%.

4. Conclusion

This paper suggests that vegetable vendors locate
themselves in space based on waste disposal, land use
zones, drainage, parking space, population,
accessibility, distance from facility, availability of
conveniences, and all-weather roads are attributes. The
model works with 88% prediction accuracy in the study
area. This model can be used in similar types of cities
for the generalization; further more testing in similar
cities is suggested.

The model can help design more effective planning
proposals for the location of vegetable vendors. This
would help the planners and developers to identify and
earmark the probable location of vegetable vendors in
cities such as Raipur.

Based on the findings of the study, all individuals
involved in urban planning, development, and decision-
making may benefit from this research.

The paper is novel because it incorporates a major
service provider i.e., vegetable vendor who is a source
of one of the basic requirements of human being that is
vegetables and finding a location for vegetable vendor,
which is an unignorable element in the planning of a
city, which will be a helpful futuristic approach. This
research’s implication is in the similar Indian cities,
i.e., tier Il cities. This research will help in future
planning of the similar Indian cities to locate the
vegetable vendors.

The tool has further scope to incorporate other types
of cities or other types of informal sectors for better
utilization. Research in these areas may help in the
development of tools like these in the future. Future
development of similar tools may be facilitated by
research in these fields.
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