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Abstract

This study aims to evaluate the spatial correlation between influential factors and
warehouse location decisions to identify potential patterns. The objectives include
identifying key parameters and analyzing the spatial distribution of existing
warehouses. Additionally, the study seeks to examine the correlation between these
influential factors and the locations of warehouses. By identifying the desirable
spatial distribution of warehouse locations for future planning purposes. Through a
comprehensive analysis of these factors and their spatial relationships, the study
aims for an approach to developing a multi-decision-making model leveraging
Geographic Information System (GIS) technology to identify optimal warehouse
locations in Hyderabad, India. This locates the spatial correlations between
influential parameters and warehouse positioning decisions while presenting

potential patterns in the process.

The objectives of the study include the identification and analysis of various factors
influencing warehouse location decisions. These factors include transportation
infrastructure, rental values, land availability, proximity to the city center, freight
terminals, airport approachability, and connectivity to major highways such as the
national highway, state highway, and state outer ring road, freight route proximity to
commercial land use, distance from proposed truck terminals, and travel time
contours are considered as parameters influencing warehouse location decisions. By
addressing these objectives, the study attempts to identify a desirable spatial
distribution for warehouses within Hyderabad. The optimal locations are determined
using the weighted overlay method, which integrates multiple influential factors to

identify strategic warehouse sites in 3 scenarios.

Furthermore, the research assesses the alignment of truck terminal sites with the
strategic positioning of warehouses. This evaluation enhances the efficiency of the
urban logistics ecosystem and contributes to the optimization of transportation
logistics. By combining several crucial aspects, the research provides policymakers,
urban planners, and stakeholders in logistics and supply chain management with

insights and potential trends.
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Policymakers involved in land use preservation and urban planning can leverage the
findings of this research to strategically allocate space and maintain optimal land
usage. By utilizing insights from the identified ideal warehouse locations,
policymakers can facilitate the provision of common utilities such as common railway
siding, parking facilities, and driver amenities. This proactive approach not only
enhances logistical operations but also fosters sustainable urban development and

supports the seamless functioning of the supply chain

Keywords: Logistic facilities, Warehouse location selection, multi-criteria decision
making, Freight planning, Logistics facilities, Warehouse planning, Land use.

Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030 Page vi



Location of Logistics Facilities, “A Spatial Analysis of Critical Land-Use Factors”
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CHAPTER 1: INTRODUCTION

1.1 Background

Over the past five years, India has emerged as the world's fastest-growing major
economy, primarily driven by a surge in demand for goods and services. This
economic expansion has opened up significant opportunities for Indian citizens, with
over 22 million people finding employment in various sectors. Recognizing the
pivotal role of logistics in sustaining economic growth, the Government of India is
actively pursuing measures to enhance the sector's performance.(Sinha, 2021). This
endeavor encompasses the development of dedicated rail-based freight corridors
and logistics and economic corridors, aimed at strengthening capacity and
connectivity across the nation.

Furthermore, efforts are on track(Sinha, 2021). These initiatives are integral to
supporting the logistics sector by facilitating the smoother movement of goods and
fostering greater integration within the economy.

India aims to address the challenges plaguing its logistics sector by optimizing freight
transport systems and enhancing infrastructure networks. These endeavors are
essential for sustaining economic growth development a favourable environment for
businesses to thrive and maximizing the benefits of India's budding economy.

The Logistics Efficiency Enhancement Program (LEEP) is a government initiative
aimed at enhancing logistics efficiency through a combination of infrastructure
development and technological advancements(Sinha, 2021). These parks are
equipped with modern mechanized warehousing facilities tailored to meet the
specific needs of various commodity groups.

the logistics parks will offer cold storage facilities to accommodate perishable goods,
as well as racked warehousing space suitable for storing palletized cargo such as
parcels and apparel. By incorporating a higher proportion of mechanized material
handling processes, these logistics parks aim to minimize storing and handling

losses, thereby improving overall efficiency in the supply chain.

Additionally, LEEP incorporates the adoption of technological and digital solutions to
further optimize logistics operations. These solutions include goods tracking

systems, which enable real-time monitoring and management of cargo movement.
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By leveraging both infrastructure enhancements and technological innovations,
LEEP seeks to drive significant improvements in logistics efficiency, ultimately

benefiting businesses and consumers.

1.1.1 Freight transportation in India

Since 1951, the share of freight transportation handled by rail in India has
experienced a continuous decline, standing at a mere 18 percent in 2020, while road
transport dominates with a share of 71 percent (Sinha, 2021). This decline can be
attributed to insufficient rail capacity, particularly on high-density routes. However,
various factors suggest that rail transport could offer a cost-effective and efficient
alternative for a significant portion of India's freight needs. Firstly, the country's
commodity mix predominantly consists of bulk goods, which align well with rail's
capabilities for bulk handling. Additionally, considering that freight often travels over
long distances in India, rail transport can capitalize on economies of scale compared
to road transport. Moreover, India's geographical configuration, characterized by a
low coast-to-landmass ratio, favours rail and coastal transport modes over road
transport in many regions of the country. Furthermore, the role of rail extends
beyond bulk freight; through intermodal transportation, which combines rail and road
transport for containerized goods, rail can compete for a market share in higher-
value, non-bulk goods. Thus, despite its declining share, rail transportation presents
significant potential to cater to India's diverse freight requirements, offering both cost-
effective solutions for bulk goods and competitive options for higher-value
commaodities through innovative intermodal practices(Sinha, 2021)

1.1.2 Significance of warehouse location

The strategic selection of warehouse positions plays a crucial role in the competence
and effectiveness of supply chain operations. In the realm of logistics and
distribution, understanding the spatial correlation between influential factors and
warehouse location decisions is crucial for optimizing network design, minimizing
costs, and enhancing overall operational performance. By exploring this complex
relationship, organizations can uncover valuable insights that can lead to more
informed decision-making processes and identify potential patterns that can desire

competitive advantage. This study aims to explore the spatial dynamics that
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underpin warehouse location decisions, shedding light on the interplay between key
factors and geographical considerations to provide a comprehensive understanding
of how businesses can strategically position their facilities for maximum impact.
Through a systematic analysis of these correlations, this research seeks to offer
actionable recommendations for organizations looking to enhance their supply chain
capabilities and achieve sustainable growth in an increasingly complex and
interconnected global marketplace.

In the Indian scenario, with its vast geographical expanse and diverse market
demands, the spatial correlation between influential factors and warehouse location
decisions holds significant importance. Understanding these correlations can unvell
patterns that can guide businesses in making informed decisions to enhance their
supply chain performance.

India's rapid economic growth, escalating population, and evolving consumer
preferences have led to a surge in demand for efficient logistics and warehousing
solutions. Factors such as proximity to transportation networks, access to key
markets, availability of skilled labor, land costs, infrastructure development, and
government policies all influence the strategic placement of warehouses across the
country. Analyzing the spatial relationships between these factors and warehouse
locations can provide valuable insights into the underlying patterns that drive
decision-making processes.

By leveraging advanced analytical techniques such as spatial data analysis,
geographic information systems (GIS), and machine learning algorithms, industries
can discover hidden correlations and trends within their warehouse location data.
This deeper understanding can help organizations optimize their distribution
networks, reduce transportation costs, minimize delivery times, and ultimately
enhance customer satisfaction.

this study aims to explore the spatial correlation between influential factors and
warehouse location decisions in the Indian. By identifying potential patterns and
relationships, this research seeks to provide actionable insights for businesses
looking to strategically position their warehouses for maximum operational efficiency

and competitive advantage in India's rapidly evolving market landscape.
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1.2 Aim:

To assess the spatial correlation between influential factors and warehouse location

decisions to identify potential patterns.

1.3 Objectives:
1. Identify key parameters and analyse their spatial distribution of existing

warehouses.

2. Evaluate factors influencing warehouse location decisions (transportation

infrastructure, land costs, tariff, rental value land availability, etc.)
3. Examine the correlation between influential factors and warehouse locations.

4. Identify the desirable spatial distribution of warehouse locations for future

planning.

1.4 Need:
It explores the spatial dynamics of logistics facility placement by analyzing critical
factors and uncovering patterns influencing warehouse location to reserve land for

future development

1.5 Scope:
The study's scope is confined to identifying the key parameters influencing
warehouse location decisions, and factors influencing these choices to identify

patterns

1.6 Limitations:

The study limits major parameters due to constraints in time and data availability.

1.7 Research question:

e What is the ideal location in a city to establish warehouse facilities?

e Can we predict which location is suitable to propose a future logistics
warehouse while considering parameters like land value, land use,
transportation facilities (nearby highway, freight corridor bypass, etc.), and
driver requirements?

e Can reserve land for warehouses for further years in the master plan?
Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030 Page 5
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1.8 Utility of research:

. The research on spatial analysis of warehouse locations offers practical and

innovative advancement.
. Implications for policy and future research directions.

. These findings will have the potential to contribute significantly to the

improvement of more efficient and effective logistics management practices.

1.9 Methodology:

The research commences with an in-depth review of background literature, focusing
on the location of logistics facility centers. These centers serve multiple functions,
including transportation, loading, and unloading, as well as parking facilities and
other essential amenities. The initial phase involves framing the aim and objectives
of the study, followed by an examination of case studies from various countries to
understand best practices in locating logistic centers. Successively, the literature on
global best practices is reviewed to inform the research process.

Primary data is collected through surveys, while secondary data is gathered from
diverse sources, including the Central Warehouse Corporation, Food Corporation of
India, and Cotton Corporation of India. The study area is comprehensively
understood through an analysis of existing logistics facilities, identification of
influencing factors, and consideration of land use factors. Key parameters are
identified and their spatial distribution within existing warehouses is analyzed.
Moreover, the correlation between factors affecting warehouse location is explored,
employing techniques such as the superposition of geographic factor layers to
identify patterns and spatial correlations.

Detailed information regarding private and government warehouses, encompassing
their capacities, commodities, and origin of commodities, is obtained from truck
drivers, warehouse owners, operators/managers, and other key players in the
warehouse sector.

The research methodology is guided by insights from the literature, particularly
focusing on data analysis techniqgues and methods. These include various
approaches to conduct weighted overlay methods, considering parameters such as
city center proximity, major road networks, and accessibility to airport and freight

terminals.
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A comprehensive research methodology, outlined in seven steps (shown in Figure
1)ranging from background study to result analysis and documentation, is derived
from the literature review. This structured approach ensures a rigorous and
systematic investigation into the location determinants of logistics facilities,
facilitating informed decision-making in this critical aspect of supply chain

management.
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Figure 1 Research Methodology

CHAPTER 2. LITERATURE:

Logistics Center Definitions
1. A Logistics center is a center in a defined area within which all activities
related to transport, logistics, and the distribution of goods.
(EUROPLATFORMS EEIG. (2023, March 7). Definition - EUROPLATFORMS EEIG.

https://www.europlatforms.eu/definition/)

2. The logistics center is a special intermodal hub in the transportation system,
including different logistics facilities, where separate operators provide several
services, connected to transportation, logistics, and distribution in established

geographical coverage(Yazdani & Mu, n.d.)

Logistics centers, which encompass specialized warehouses and buildings, are
fundamental components within the logistics and freight transportation sectors.
These facilities are strategically positioned to ensure streamlined access to vital
transportation infrastructure, primarily road networks, and are located to fulfill the
specific requirements of logistics operations. Various factors, including proximity to
transportation hubs, land accessibility, and monitoring involvement, shape logistics
facilities' establishment. Particularly within urban settings, logistics facilities exhibit
diverse characteristics in terms of size, types, and positioning, with present-day
facilities increasingly integrating features such as technology, sustainable practices,
and proximity to consumer hubs to effectively address the dynamic needs of the
logistics industry(Buldeo Rai et al., 2022). Consequently, the location of logistics
facilities emerges as a pivotal consideration, necessitating a delicate balance
between factors such as consumer proximity, land availability, and logistical

intricacies to optimize operational efficacy and meet market demands.

2.1 Logistics Sprawl

Logistics sprawl refers to the phenomenon where warehouses and distribution
centers move from urban areas to suburban or exurban locations. This trend is
driven by the need for more space, proximity to transportation networks like

highways and airports, and the availability of cheaper land in suburban areas.
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Logistics sprawl can have implications for transportation infrastructure,
environmental factors like emissions and congestion, and the overall organization of
supply chains in metropolitan areas like

. Logistic sprawl contributes to increased truck travel distances, impacting
vehicle kilometers traveled (VKT) and subsequently escalating pollution levels, also
disrupting employee settlement patterns and travel routines.

. Centralized and clustered land settings demand shorter trips and fewer stops
for product delivery compared to decentralized and dispersed land use, thereby

affecting the efficiency and quality of logistics operations.

2.2 Case study of the Tokyo metropolitan area

The transformation in logistics practices has brought significant changes in the
spatial distribution of logistics facilities, a phenomenon observed globally, particularly
in the past couple of decades. There has been a notable shift toward the
decentralization of logistics facilities, often referred to as "logistics sprawl!" observed
in numerous urban centers (Sakai et al., 2018)This decentralization is argued to
result from various factors, including limited available land, soaring land prices, and
congestion issues near urban cores, alongside evolving functional and physical
requirements for logistics facilities(Sakai et al., 2018). Despite widespread concerns
regarding the impacts of logistics sprawl, discussions on public policies aiming to
situate logistics facilities in socially beneficial locations are notably scarce. This gap
in discourse can, in part, be attributed to the dearth of detailed shipment data
essential for conducting comprehensive evaluations of the impacts of logistics facility
locations on urban freight traffic.

This study aims to examine the performance of logistics systems concerning the
locations of logistics facilities, with a distinct focus on the influence of the types of
commodities handled by these facilities. this research studies the impacts of
commodity types on logistics system performance. The analysis utilizes the concept
of the "distance optimality gap" (DOG), which serves as a measure for evaluating the
efficacy of logistics facility locations. This measure is determined by assessing the
disparity between actual travel distances and the optimal travel distances for
shipments to and from a facility. The optimal travel distance, refers to the total
distance traveled by goods vehicles (GVDT) achievable at an ideal, though

hypothetical, location.
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In the study (Sakai et al., 2018)examining the correlation between commodity types,
spatial characteristics, and the optimal distance of logistics facilities in the Tokyo
Metropolitan area (TMA), approximately 23 square kilometers, and accommodating a
population of 42 million, data was drawn from the Tokyo Metropolitan Freight Survey.
This survey provided detailed establishment-level records about distribution centers,
top terminals, residential areas, intermodal facilities, and oil terminals. The dataset
encompassed information gathered from various stakeholders including
manufacturers, wholesalers, retailers, and transport service providers. A total of
2147 samples were collected, encompassing data on factors such as floor area,
commodity type, number of vehicles, trip details, and origin and destination points.

JOLBG ) o Difference
NN : between the
actual and
optimum trip
distances (km)
80 or larger

80
Foods Daily goods Raw materials

" el o\ i . — 40

20

Machinery Chemical goods Mixed goods

Figure 2 Facility-specific distance optimality gap (DOG) depicted at actual locations

The objective "The relationship between commodity types, spatial characteristics,
and distance optimality of logistics facilities” (Sakai et al., 2018)The study
categorizes logistics facilities based on the type of commodity they handle and
explores the concept of "distance optimality gap,” which is defined as the gap
between the minimum travel distance possible and the actual distance traveled by
goods vehicles. The research aims to find the complex relationship between the
location of logistics facilities and the distance optimality gap, highlighting how factors
like commodity types and spatial characteristics influence the efficiency of logistics

operations. Additionally, it provides insights into the impact of urban freight
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distribution, land use, city logistics, and logistics sprawl, emphasizing the importance
of detailed data on logistics facilities and shipments for formulating effective
approaches to improve the distance optimality of logistics land use.

The finding is certain facilities near urban centers exhibit large DOGs, optimal
locations vary by commodity. Despite challenges in determining the social benefits of
locating logistics facilities in outer edge areas, data highlights the necessity of
flexible land use regulations and detailed analysis of shipment data for effective

policy formulation.

2.3 Case study of the Paris metropolitan area

A comprehensive investigation into logistics terminal optimization within the Paris
metropolitan area centers on the operational dynamics of a prominent parcel delivery
enterprise, DB Schenker. The study endeavors to determine the most advantageous
terminal locales based on two pivotal criteria: the minimization of total Euclidean
distances between terminals and pick-up/delivery points, and the pragmatic
constraint of limiting the number of terminals to mitigate logistical sprawl

consequences.

DB Schenker's terminal placements closely align with the optimal sites deduced by
the model, suggesting a strategic alignment with operational optimization. Employing
a polycentric operational model, DB Schenker operates multiple terminals, each
strategically serving its designated territory. This decentralized approach enables
proximity to customers, although constrained by the financial considerations
associated with terminal proliferation.

Refinement in delivery and pick-up allocation to existing terminals could yield a
noteworthy reduction of 2 km in average Euclidean distance. Furthermore, terminal
relocation presents an opportunity for an additional 1.6 km reduction. The
segregation of deliveries and pick-ups in analysis yields minimal variance in optimal

terminal placement, reinforcing the efficiency of the overarching strategy.
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Figure 3 Density of deliveries (left) and pick-ups (right) for two months, 2.5 km2 grid

Optimal terminal positioning, prioritizing distance minimization, invariably situates
terminals beyond the city center. This strategic placement not only enhances
operational efficiency but also aligns with environmental imperatives by curbing
pollution through the facilitation of a polycentric organizational framework. (Shown in
Figure 4Figure 4 the current locations of terminal and the optimal locations of the
terminals
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Figure 4 Current location of terminals (black) and optimization results (orange) for 4 and 5
terminals

The organizational configuration closely approximates the theoretical outcomes, with
a notable diminishment in the total distance between customers and terminals. For

DB Schenker, this organizational proximity translates to a reduced carbon footprint
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by minimizing access distances to clientele—a testament to the efficacy of the
polycentric operational model.

2.4 Telangana State Logistics Policy 2021-26 Overview

The Telangana State Logistics Policy 2021-26 is a strategic initiative designed to
transform the logistics landscape in Telangana. Aligned with national goals, it aims to
enhance efficiency, reduce costs, and attract private investments in the logistics
sector. The policy encompasses various initiatives to bolster infrastructure, improve
service quality, integrate modern technologies, and enhance skill development within

the industry.

2.4.1 Sector Transformation and Economic Impact

The logistics sector in Telangana is undergoing significant transformation driven by
the Telangana State Logistics Guidelines 2021-2026. This proactive approach by the
Government of Telangana aims to enhance the state's economy and create
employment opportunities. By streamlining infrastructure, improving service quality,
and integrating modern technologies, the state aims to catalyse growth in the

logistics industry.

2.4.2 National Context and Challenges

India's logistics sector, valued at USD 215 billion in 2020, is expanding rapidly.
However, logistics expenses in India remain higher than the global average due to
underdeveloped infrastructure, fragmented warehousing systems, and regulatory
complexities. Enhancing the logistics sector can boost exports and drive economic
growth, with a 10% reduction in logistics costs potentially increasing exports by 5-
8%.

2.4.3 Policy Focus Areas

Government Initiatives: The Government of Telangana is committed to boosting the
logistics sector through strategic initiatives and the establishment of logistics-focused
industrial zones such as Hyderabad Pharma City and NMIZ in Zaheerabad. These
initiatives aim to augment manufacturing capacities and streamline distribution

domestically and internationally.

2.4.4 Policy Purpose and Vision:
The policy aims to enhance the ease of logistics, reduce costs, and attract private
investments. It focuses on developing robust infrastructure, improving service quality,

increasing technology penetration, and enhancing skilled manpower availability.
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2.4.5 Policy Tenure:
Spanning five years from the date of notification, the policy is designed to facilitate
effective execution through private sector participation, skill development, and

technological advancements.

2.4.6 Implementation Framework:

The framework includes building logistics infrastructure, strengthening transportation
networks, developing skills, and supporting technology and quality standards. It
incentivizes the development of Multi-Modal Logistics Parks and Integrated Logistics

Parks and promotes the use of high-capacity commercial fleets.

2.4.7 Infrastructure Development:

Telangana aims to become a cost-effective logistics hub by developing
infrastructure, enhancing service quality, and integrating modern technologies. The
policy includes initiatives like the allocation of land for common logistics

infrastructure and support for technology upgradation.

2.4.8 Strategic Location and Industrial Policies

Telangana's strategic location and robust industrial policies like TS-iIPASS position
the state as a key player in the logistics domain. By identifying logistics as a thrust
sector, the state aims to leverage economic growth to enhance manufacturing,
agriculture, and food processing industries. Projects like Kaleshwaram and Mission
Kakatiya have boosted paddy cultivation, positioning Telangana as a significant rice

producer.

2.4.9 Expected Outcomes and Benefits

The policy is expected to attract investments of Rs. 10,000 Crores into the state's
logistics infrastructure and create over 100,000 direct employment opportunities, with
additional indirect employment prospects. By fostering innovation and incentivizing
private sector participation, Telangana aims to enhance its competitiveness in the

global market.

2.4.10 Conclusion
The Telangana State Logistics Policy 2021-26 represents a comprehensive strategy
aimed at optimizing logistics operations, enhancing infrastructure, and fostering

economic growth. By aligning with the National Logistics Policy, it ensures coherence
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and uniformity across regional and national operations, promoting a robust, resilient,

and sustainable logistics ecosystem in India.

2.5 Introduction to the National Logistics Policy (NLP)

Introduced on September 17, 2022, the National Logistics Policy (NLP) aims to
revolutionize India's logistics sector by reducing costs and enhancing efficiency. By
lowering logistics costs, which currently stand at 13-14% of GDP, to align with those
of developed countries, the policy seeks to increase the competitiveness of Indian
products both domestically and internationally. It provides a comprehensive
framework to address logistical challenges and promote the seamless movement of

goods across the country.

2.5.1 Development and Objectives

The development of the NLP has been a meticulous process, taking eight years to
formulate. This reflects India's commitment to thorough groundwork before
implementing policies to ensure their successful execution. The policy aims to tackle
last-mile delivery issues, improve transportation efficiency, save time and money for
manufacturers, and prevent wastage of agricultural products. By enhancing
coordination and streamlining processes, the NLP seeks to accelerate sectoral
growth, foster value addition, and stimulate entrepreneurship.

2.5.2 Core Framework

At its core, the NLP lays down an interdisciplinary, cross-sectoral, and multi-
jurisdictional framework to develop the entire logistics ecosystem. It aims to make
the logistics industry more efficient and cost-effective, boosting economic growth,
creating employment opportunities, and enhancing the competitiveness of Indian
industries in the global market.

2.5.3 Infrastructure and Stakeholder Engagement

One of the key objectives of the NLP is to create modern infrastructure of world-class
standards by engaging all relevant stakeholders in a holistic planning and
implementation process. This collaborative approach is expected to enhance
efficiency and synergy, particularly in alignment with initiatives like PM Gati Shakti,

which focuses on multi-modal connectivity.

Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030Page 16



Location of Logistics Facilities, “A Spatial Analysis of Critical Land-Use Factors”

2.5.4 Enhancing International Trade

Recognizing logistics as the backbone of India's international trade, the policy aims
to promote seamless movement of goods to diversify exports and enhance the
competitiveness of Indian industries. By reducing logistics costs from 16% of GDP to
the global average of 8% by 2030, the NLP aims to unlock significant growth
potential in the sector. The Indian logistics market is projected to reach $215 billion in
the next two years, with a CAGR of 10.5% through 2025.

2.5.5 Key Steps for Implementation

To achieve its objectives, the NLP outlines four significant steps:

e Integration of Digital Systems (IDS): Digital integration of various systems

across seven departments to streamline processes and improve efficiency.

e Unified Logistics Interface Platform (ULIP): Facilitates shorter and smoother
cargo movement by enabling real-time exchange of information in a

confidential manner.

e Ease of Logistics (ELOG): Enhances the ease of doing business in the

logistics sector through transparency and accessibility.

e System Improvement Group: Monitors all logistics-related projects regularly to

ensure effective implementation.

2.5.6 Expected Outcomes and Benefits

The NLP is expected to minimize logistical challenges, boost exports, and benefit
small businesses and individuals engaged in the sector. It is anticipated to stimulate
economic growth through employment generation, inter-state and international trade,

and overall enhancement of the logistics ecosystem.

2.5.7 Synergy with Other Initiatives

The transformative potential of the NLP is amplified when combined with other
connectivity and infrastructure improvement programs such as Gati Shakti,
Sagarmala, and Bharatmala. These initiatives aim to create a single-window e-
marketplace, streamline logistics facilitation, and harness the potential of waterways

for cost-effective transportation alternatives.
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2.5.8 Recent Improvements and Future Developments

Notable improvements have already been observed in Indian ports, with increased
capacity and reduced turnaround times for cargo ships. Additionally, the
development of air cargo ports, cold storage facilities, and multi-modal hubs
nationwide is expected to further enhance freight movement efficiency.

2.5.9 Complementary Actions

India's Comprehensive Logistics Action Plan (CLAP) complements the objectives of
the NLP by focusing on reducing logistics costs to global benchmarks by 2030.
Through the adoption of advanced technology, such as paperless trade operations
and unified tax systems like GST, the logistics sector is poised for significant

transformation.

2.5.10 Conclusion

The National Logistics Policy is a transformative initiative aimed at revolutionizing the
logistics sector in India. By reducing costs, enhancing efficiency, and promoting
seamless movement of goods, the policy is expected to drive economic growth,
create employment opportunities, and bolster the competitiveness of Indian
industries in the global market. With a comprehensive framework and collaborative
approach, the NLP lays the foundation for a modern and efficient logistics
ecosystem, propelling India towards its goal of becoming a $5 trillion economy by
2024-25.

2.6 Major factors

A comprehensive review of various papers relevant to my study has been shown,
focusing on the techniques, tools, and parameters employed in different case
studies. Among the diverse methodologies examined, the use of multi-criteria
decision-making (MCDM) techniques stands out as particularly significant. A total of
14 articles were analyzed to identify the key parameters and methods utilized in
these studies.

The reviewed literature highlights the importance of MCDM in addressing complex
decision-making scenarios involving multiple conflicting criteria. Various techniques
under the MCDM umbrella, such as the Analytic Hierarchy Process (AHP),
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), and others,
are frequently employed. These methods facilitate a structured and objective
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evaluation process, aiding in the prioritization and selection of optimal alternatives
based on predefined criteria.

Key factors include proximity to transportation infrastructure (highways, railways,
airports, seaports), industrial zones, and production centers, as well as population
density and available land for expansion. Economic considerations such as land
costs, construction expenses, and operational expenditures are critical.
Environmental and social factors, including environmental impact, traffic implications,
and local employment, play significant roles. Infrastructure connectivity and the
ability to integrate intermodal transport systems are essential for efficient logistics
operations. Additionally, strategic considerations such as land availability for
redevelopment and specific constraints of the area are important. These parameters
collectively facilitate informed decision-making, aiming to optimize logistics

efficiency, cost-effectiveness, and sustainable development.
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CHAPTER 3. STUDY AREA

3.1 Site Selection Criteria

In recent years, the warehouse industry has experienced significant growth,
sustained by increased government investment, enhanced infrastructure, and
expanded access to global markets. This growth trajectory is estimated to continue
over the next 3-5 years, signaling a structural shift towards a more organized and
consolidated  logistics sector (Logistics — Invest Telangana. (n.d.).

https://invest.telangana.gov.in/logistics/. ).

Establishing dedicated freight corridors, coupled with advancements in
containerization, inland waterways, and expanded air and rail connectivity, has
catalyzed a surge in activity within the logistics sector.

Hyderabad has emerged as a prominent investment destination, strategically
situated to connect several industrial corridors across the country. Notably, the
award-winning Hyderabad Airport serves numerous international destinations, further
enhancing the city's attraction for investors and businesses.

According to the United Nations World Cities Report of 2016, Hyderabad's
population is projected to exceed 10 million by 2030. This population growth is driven
by various factors, including the city's thriving information technology (IT) sector,
renowned educational institutions, and ongoing infrastructural developments.
Hyderabad's robust economy and favorable living conditions also contribute to its
magnetism, attracting individuals and families seeking enhanced career prospects
and quality of life.

The existing projects like Mangalapally Logistics Park, a world-class facility spanning
22 acres, stands as India's first integrated logistics park developed under a public-
private partnership (PPP) model. Additionally, the state government is leading the
development of a radical logistics park at Batasingaram in Hyderabad, spread across
40 acres and investments worth Rs 50 crores. This initiative, featuring warehousing,
parking, and retail facilities, aligns with the state's ambition to establish 10-12 more
logistics parks within the next two to three years, envisioning Hyderabad as a global
logistics hub.

Furthermore, Telangana's logistics policy, complemented by initiatives such as ease

of doing business, the proposed Pharma City, and TS-IPASS, positions the state to
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scale up its presence in the sector significantly. With the potential for fivefold growth
within three years, Telangana is composed of substantial expansion in the logistics
industry. (Logistics - Invest Telangana. (n.d.).

https://invest.telangana.gov.in/logistics/ )

Upcoming projects The Indore-Hyderabad Economic Corridor, spanning 713
kilometers, serves as a crucial expressway linking Indore in Madhya Pradesh to
Hyderabad. Connecting through the patancheru cluster of NH-161 in Telangana,
spanning 40 kilometers, is a pivotal component of this corridor. Scheduled for
inauguration in March 2024, this corridor is anticipated to boost inter-state
connectivity, stimulating economic growth and fostering regional integration, while
concurrently diminishing logistics travel time and costs.

Hyderabad's expanding logistics industry, backed by strong infrastructure,
government support, and strategic location, positions the city as a major player in
India's logistics sector. With ongoing expansion plans and connectivity projects,

Hyderabad promises sustained growth, making it an ideal study area for the thesis.

3.2 City Profile

Hyderabad, the capital of the Indian state of Telangana, holds a crucial position in
Southern India. Beyond its demographic significance, Hyderabad has transformed
into a prominent investment hub, strategically connecting various industrial corridors
across the nation. Its geographical stretch, administered by the Hyderabad
Metropolitan Development Authority (HMDA), spans over 7257 square kilometers,
accommodating a population of 97 lakhs (shown in Figure 5). Within this vast region,
the Greater Hyderabad Municipal Corporation (GHMC) governs an area of 625
square kilometers (Census, 2011), hosting a population of 69 lakhs. it ranks as the
fourth-most populous city in India These administrative boundaries delineate the
study area, offering a comprehensive focus on the socio-economic dynamics within
Hyderabad and its immediate surroundings. As a blooming metropolis, Hyderabad
embodies a confluence of tradition and modernity, attracting businesses, investors,
and a diverse populace seeking opportunities and prosperity. Its strategic location,
rising population, and infrastructural development emphasize its significance as a
key player in India's economic landscape, composed for further growth and

advancement in the years to come.
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In Hyderabad, warehousing activities primarily gravitate towards three key clusters:
Medchal, Patancheru, and Shamshabad. During the financial year 2023, the
manufacturing sector led the highest volume of transactions. This surge can be
attributed to government initiatives like Make in India and the implementation of
Production Linked Incentive (PLI) schemes, aimed at boosting manufacturing.
Remarkably, occupiers in the manufacturing realm largely from pharmaceuticals,
paints, electricals, and equipment manufacturing industries. The demand from these
sectors has witnessed significant growth, experiencing a year-on-year increase of
98% in absolute volumes, reaching 0.18 million square meters (2.0 million square
feet) during the financial year. This robust growth highlights the resistance of
Hyderabad's warehousing market, fuelled by supportive policies and the dynamic

needs of the manufacturing landscape (Frank, 2023)
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Figure 5 Map of HMDA boundary
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CHAPTER 4- DATA COLLECTION

The primary survey focused on three major warehouse clusters around Hyderabad:
the Medchal cluster in the north along the Hyderabad-Nagpur highway (NH-44), the
Patancheru cluster in the west on the Mumbai-Hyderabad highway (NH-65), and the
Shamshabad cluster in the south along the Bangalore-Hyderabad highway (NH-44)
(shown in Figure 6). The survey included a detailed questionnaire, cluster
observations, interviews with truck drivers, engagement with clients and
stakeholders, and consultation services. the primary survey focused on on-the-

ground assessments and interactions.

A

Nehru Outer Ring Rd

LEGEND

) HMDA Boundary
= ORR_HYD

[] medchal

[] shamshabad

[ patancheru

+ airport

0 5 10 15 20km
BN

Figure 6 Warehouse Clusters in Hyderabad
Additionally, the survey gathered secondary data on the locations, capacities, and
details of Food Corporation of India (FCI), Central Warehousing Corporation (CCl),
and Central Warehousing Corporation (CWC) warehouses, including their offices in

Sanath Nagar and Nampally, Hyderabad.
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DATA COLLECTION ]

| PRIMARY DATA ) ( SECONDARY DATA ]

» Warehouse questionnaire- 111 + Locations of FCI, CCl, and CWC warehouses and details
» Cluster observation- 12 - Proposed logistics park in and around Hyderabad-HMDA
« Truck drivers-45 (Hyderabad Metropolitan Development Authority)

» Clients and stakeholders « City freight-restricted routes -Cyberabad police

« Consultancy service -4 commissioner office

« Empty warehouse location warehouse capacity, rental
value, circle rate, land value (from magic bricks, circle
rate, Google Maps)

* Knight Frank - India warehousing market report

Figure 7 Data Collected

Also, layouts of proposed logistics parks in and around Hyderabad, under the
Hyderabad Metropolitan Development Authority (HMDA). It also identified city freight-
restricted routes enforced by the Cyberabad and Hyderabad police, with specific
mention of the Cyberabad police commissioner's office, Gachibowli police station,
and the absence of information for the Rachakonda zone. Additionally, the survey
examined empty warehouse locations, their capacities, rental values, circle rates,
and land values using sources like Magic Bricks, circle rate data, and Google Maps.
Furthermore, insights from Knight Frank's India Warehousing Market Report were
incorporated to provide a comprehensive understanding of the overall warehouse
market dynamics. The secondary survey utilized existing data sources and market
reports to supplement and validate the findings. This combined approach ensured a
holistic understanding of warehouse clusters, logistics parks, city regulations, and

market trends in and around Hyderabad.

The data collected from the three major warehouse clusters around Hyderabad
Provides valuable insights into their respective characteristics. In the Medchal
cluster, encompassing an extensive area of 39.1 square kilometers with a perimeter
of 35.6 kilometers, the survey comprised 38 warehouse questionnaires, 3 cluster
observations, and interactions with 18 truck drivers. This extensive data collection
process paints a comprehensive picture of the warehouse landscape, offering a
detailed understanding of the operations and logistics in the northern region along

the Hyderabad-Nagpur highway.
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Figure 8 Medchal cluster
The Patancheru cluster in the west, covering 9.73 square kilometers with a perimeter

of 29.4 kilometers, the survey included 32 warehouse questionnaires, 5 cluster

A

observations, and engagement with 15 truck drivers.
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Figure 9 Patancheru cluster
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The gathered information sheds light on the distinctive characteristics of this cluster
on the Mumbai-Hyderabad highway, providing a perspective on its warehouse

infrastructure and operational dynamics.

Lastly, in the Shamshabad cluster in the southern region along the Bangalore-
Hyderabad highway, the survey covered an expansive area of 27.55 square
kilometers with a perimeter of 42.9 kilometers. The data collection process involved
39 warehouse questionnaires, 4 cluster observations, and interactions with 12 truck
drivers. This thorough examination of the southern warehouse cluster offers insights

into the logistical intricacies and operational patterns in the vicinity of Shamshabad.

Overall, the data collected from these clusters not only quantifies the physical
dimensions of each area but also explores into the specifics of warehouse
operations, cluster dynamics, and the experiences of truck drivers, contributing to a
comprehensive understanding of the warehouse landscape in and around
Hyderabad.
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Figure 10 Shamshabad cluster
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CHAPTER 5- ANALYSIS

The Multi-Criteria Decision Making (MCDM) method stands as the preferred
approach for assessing land suitability, particularly in the context of determining ideal
locations for warehouses. This method employs a Weighted Overlay technique,
which integrates various factors to evaluate and prioritize potential sites. In this
particular study, a comprehensive selection of 10 parameters has been identified
through primary surveys and interviews with warehouse consultancy services,

coupled with direct observations.

The chosen parameters encompass a wide spectrum of considerations crucial for
determining land suitability for warehouse establishments. Firstly, the rental value
serves as a fundamental aspect, reflecting the economic viability and potential return
on investment for warehouse developers. A higher rental value indicates areas of
greater demand or strategic significance within the market. proximity to the city
center emerges as a pivotal criterion. Warehouses situated closer to urban centres
often benefit from enhanced accessibility, facilitating efficient transportation and
distribution networks. This proximity not only reduces transit times but also
potentially minimizes operational costs associated with logistics and supply chain

management.

Additionally, proximity to key transportation hubs such as airports, railway stations,
and major road connections is essential. These factors directly impact the efficiency
and effectiveness of distribution channels, enabling seamless connectivity to broader
markets and facilitating timely deliveries.

The consideration of freight-restricted routes further refines the assessment,
ensuring that selected sites offer unconstrained access for vehicles, thereby avoiding

potential logistical monitoring constraints.

proximity to commercial spaces assumes significance, as it can influence synergistic
opportunities for businesses operating within the same vicinity. This proximity may
adopt collaborative ventures, optimize resource sharing, and potentially attract

secondary industries or services, thereby enhancing the overall business ecosystem
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The availability of land parcels is a critical determinant, particularly in regions
characterized by high demand and limited supply. Assessing the accessibility and
availability of suitable land for warehouse development is essential for ensuring

feasibility and avoiding potential land use conflicts or zoning restrictions.

Finally, evaluating travel time to the city center provides valuable insights into the
overall accessibility and convenience of a chosen location. Minimizing travel
distances not only reduces transportation costs but also enhances operational

efficiency and responsiveness to market demands.

The Weighted Overlay method synthesizes these diverse criteria by assigning
weights to each parameter based on their relative importance and impact on land
suitability. By incorporating stakeholder preferences and expert insights gathered
through surveys and consultations, this approach facilitates a comprehensive and

systematic evaluation of potential warehouse sites.

5.1 Primary Survey Analysis

5.1.1 Types of Commodities

In the diverse landscape of warehouse commodities, Patancheru, Shamshabad, and
Medchal clusters in Hyderabad showcase distinctive specialization across six
categories. In Patancheru, the warehouses predominantly house grains, flour mills,
groceries, and dairy products. This cluster emerges as a hub for essential food
items, emphasizing its role in supporting the local and regional supply chain for daily

sustenance.

Shamshabad, on the other hand, assumes a different profile, focusing on the storage
and distribution of raw materials, construction materials, and plywood. This
specialization underscores Shamshabad's significance in catering to the construction
and manufacturing sectors, playing a pivotal role in supplying the foundational

elements for various industries.
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Group Commodity Type included

Dairy products,Agriculture,fish and stock farm and packed food

Foods products

Daily goods Furniture, household products, light industrial products

Raw materials woods, minerals, metals, chemicals, construction material

Engineering and general machineries, electronics goods, transport equipment ,
machinery precision instruments and apparatus

Mixed goods goods from more than one shipper, including parcels

empty No goods

Figure 11 Types of Commodities

Meanwhile, the Medchal cluster is a storage of packed food and agricultural needs.
With a focus on processed and ready-to-consume items, Medchal contributes to the
efficient distribution of packaged foods and agricultural essentials, serving the

evolving demands of the market.
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Figure 12 Number of warehouses in each Clusters

These specific commodity distributions within each cluster showcase a strategic
alignment with the unique economic activities and demands prevalent in the
respective regions. The specialization not only enhances the operational efficiency of
warehouses but also reflects the adaptability of these clusters to cater to the diverse
needs of their surrounding communities and industries. This understanding of
commodities within each cluster contributes to a more targeted and efficient logistical
network, fostering the growth and resilience of Hyderabad's warehouse ecosystem.
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5.1.2Storage Area
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Figure 13 Storage Capacity of each cluster
There are 38 warehouses with floor areas spanning from 1000 to 10000 square feet

and Patancheru has the most warehouses ranging from 1000-10000 (shown in

figurel3)
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Figure 14 Map Depicting size of warehouses
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5.1.3 Rental Value

Among the three clusters, Shamshabad stands out with the highest observed rental

value, commanding an average cost of 21.7 rupees per square foot. Following
closely is the Medchal cluster, where the rental value is slightly lower but still
significant at 19.5 rupees per square foot (shown in Figure 15). Patancheru, while
maintaining a competitive position, records a comparatively lower average rental
cost of 19.2 rupees per square foot. This rental value hierarchy reflects the varying
economic dynamics and demands in each cluster, with Shamshabad leading in
terms of real estate expenses, closely trailed by Medchal, and Patancheru securing

a position with a slightly more affordable average per square foot cost.
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Figure 15 Scatter plot illustrating the corelation between Area vs Rental
Out of a total of 89 warehouses, the majority, specifically 50 warehouses, are under

lease agreements.(shown in figure 16.)
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Figure 16 Ownership of warehouses in each cluster
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5.2 Parameters

5.2.1 Rental Value

One challenge is that our method might not fully grasp intricate spatial patterns or
trends. To determine the rental prices of warehouses across the city, we employ a
technique called IDW (Inverse Distance Weighting) Interpolation. This method entails
collecting around 150 data points from sources like Magic bricks and 99acres. These
samples are spread out across the city, noting rental values at different locations (X,
Y coordinates). This approach helps us estimate rental prices in areas where we
don't have direct data by considering the values of nearby locations. However, it's
important to recognize that this technique may not capture all the complexities of

how rental prices vary across different parts of the city.
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Figure 17 Rental Value
By calculating weights based on distances, an interpolated surface is generated. it's

important to acknowledge that this technique has limitations, as it may not fully

capture complex spatial patterns or trends.
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5.2.2 Freight-restricted routes

Hyderabad, a budding metropolis, strategically divides its expanse into three
distinctive police zones - Rachakonda, Cyberabad, and Hyderabad. The city's
intricate traffic management system incorporates specific regulations for the mobility
of heavy commercial vehicles, imposing restrictions on Interdistrict and National
Permits on all roads. However, these restrictions do not extend to the Outer Ring
Road (ORR) and its service roads, providing a dedicated corridor for seamless
vehicular movement. The ORR emerges as a crucial lifeline for unconstrained
logistics and transportation activities, avoiding the restrictions imposed on other city

roads. (shown in Figure 18)

In an attempt to optimize traffic flow and reduce congestion, the city enforces strict
measures on freight vehicles during peak hours. From 7:30 am to 11:30 am and 4:00
pm to 10:30 pm, heavy commercial vehicles, including those with interdistrict and
national permits, face restrictions within the city limits. This time-sensitive approach
aims to balance the influx of traffic, ensuring smoother commuting experiences for

residents and maintaining efficient logistics operations.

FREIGHT RESTRICTED
ROUTE-MAJOR
ROADS-COMMERCIAL
LANDUSE -TRUCK
TERMINAL

f\' .
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A Proposed truck terminals
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Figure 18 Freight Restricted Routes
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5.2.3 Commercial land-use

Freight transportation tends to gravitate towards the commercial hubs within the city,
while warehouses are positioned on the outskirts, at the peri-urban edges. These
trips typically originate from the outermost areas of the city and move towards its
center. The flow of freight aligns with the bustling activity of commercial zones(shown
in Figure 18), drawing goods towards areas of high economic activity. Meanwhile,
warehouses strategically situate themselves on the periphery, providing convenient
access to transportation routes while still being relatively close to urban markets. As
goods move from the outskirts towards the city, they serve to replenish stocks, fulfill
orders, and meet the demands of businesses and consumers within the urban core.
This spatial arrangement optimizes the logistics of freight movement, ensuring
efficient supply chain operations while supporting the dynamic needs of urban

commerce.

5.2.4 Major Roads

One of the crucial aspects influencing the choice of warehouse locations is the
presence of major roads, with existing clusters often found along National Highways
44 and 65. These major roads encompass State Highways, National Highways, and
the outer ring road surrounding the city. Warehouses situated closer to these main
roads tend to command higher rental prices. This is because easy access to
transportation routes facilitates smoother movement of goods in and out of the
warehouses. Being near major roads reduces transportation costs and enhances
efficiency in supply chain operations. As a result, warehouses strategically position
themselves along these vital transportation arteries to capitalize on the logistical
advantages they offer. This proximity to major roads not only ensures convenient
connectivity but also reflects the premium placed on accessibility and logistical

convenience in determining warehouse rental values.

5.2.5 Proposed Truck Terminals

The significance and effectiveness of transport terminals focus on two primary
attributes: location and accessibility. Location plays a pivotal role as it determines a
terminal's ability to cater to a large population concentration or industrial activity,
essentially defining its market area. Equally critical is the terminal's accessibility to
other terminals, both locally and regionally, as well as its integration into the broader

regional transport system.
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A proposed network of nine truck terminals has been meticulously designed to fulfill
these objectives, considering estimated tonnage demand and factors such as
population growth, economic activities, and URDPFI guidelines. Among these, two
terminals are recommended for immediate development by 2021: one on NH-65 at
Batasingaram, heading towards Vijayawada, and another on Sagar Road at
Mangalapally. Terminals at Shamshabad on NH-44 and Khandi on NH-65, directed
towards Pune, are estimated necessary for development between 2021 and 2026.
Pragnapur on SH-1 and Bhuvangiri on NH-163 are slated for development between
2026 and 2031. The remaining terminals are earmarked for development between
2031 and 2041 (Logistics - Invest Telangana. (n.d.).

https://invest.telangana.gov.in/logistics/ ).

Although the Batasingaram terminal is initially proposed to cover 40 acres of land,
long-term plans anticipate an expansion requiring approximately 100 hectares. Each
major and minor truck terminal is projected to occupy approximately 100 and 20

hectares

5.2.6 Travel Time Contour

The travel time contour within Hyderabad is intricately linked to the proximity of key
industrial clusters to the central business district (CBD). Shamshabad emerges as
the closest to the CBD, offering an advantageous location for businesses and
warehouses operating in the southern region. Following Shamshabad, the Medchal
cluster takes its place, strategically positioned along the Hyderabad-Nagpur highway.
Meanwhile, Patancheru, situated on the Mumbai-Hyderabad highway, falls third in
line concerning proximity to the CBD. This spatial arrangement not only influences
the travel time dynamics for freight vehicles but also plays a pivotal role in shaping
the economic and logistical landscape of each cluster. As Hyderabad continues to
evolve, the harmonization of traffic regulations, strategic location planning, and a
comprehensive understanding of travel time contours become integral components
for the city's sustainable growth and efficient urban logistics. The travel time contour
map is generated using real-time data, updated at 30-minute intervals, depicting the
accessibility from the city center. It illustrates that Shamshabad can be reached

within a 30-minute timeframe.
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Figure 19 Travel Time Contour
5.2.7 Proximity to the Airport
Being close to the airport in Shamshabad, located south of the city, is a big
advantage. The closer a warehouse is to the airport, the better it is for cutting down

travel costs.
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Figure 20 Proximity to Airport
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5.2.8 Proximity to City Center

In this scenario, the heart of the city acts as a magnet for freight, drawing it toward
the center within a 15-kilometer radius (figure 17). Given this, the outskirts of the city
emerge as the prime choice for warehouses. This is because there's more land
available, and it comes at a lower cost compared to central areas. Warehouses
strategically positioned on the outer edges benefit from ample space to store goods
while keeping land expenses in check. Moreover, being on the outskirts doesn't
hinder access to the city center since freight naturally moves towards it. Therefore,
locating warehouses on the outer periphery proves advantageous both in terms of
land availability and cost-effectiveness, while still maintaining convenient proximity to

the city's focal point for freight movement.
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Figure 21 Proximity to City centre

5.2.9 Freight Terminal

In Telangana, there's a network of freight terminals designed to streamline logistics.
With 102 loading locations and 97 unloading locations, along with 5 container rail
terminals and 6 private freight terminals, these hubs play a vital role. The study
focuses on fourteen freight terminals (shown in Figure 22) encircling the city,

recognizing their significance in reducing logistics costs and travel time for goods.
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By strategically distributing goods among these terminals, companies can optimize
their supply chain operations. These terminals serve as pivotal points for the efficient
transfer of goods, minimizing the distance traveled and the time spent in transit.
Ultimately, this leads to cost savings for businesses and faster delivery times for
customers. Thus, the integration of freight terminals into the transportation network
enhances the overall efficiency and effectiveness of the logistics ecosystem in

Telangana.
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Figure 22 Proximity to Freight Terminals

5.2.10 Rasterization of Layers

These 10 layers are into raster layers with pixels sized at 10 meters by 10 meters
each. This means we'll represent each layer as a grid of squares, with each square
measuring 10 meters on each side. Each layer captures different aspects related to
land parcel availability, rental values per square foot, distances from various key
points like the city center, airport, and freight terminals, as well as travel time
contours and proximity to commercial land use.
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By converting them into raster layers, we can analyze and visualize these factors
spatially, helping us understand how they vary across the area of interest. This raster
data will provide valuable insights for decision-making in urban planning,

transportation logistics, and real estate development, among other fields.

Multi Decision Criteria
Making-warehouses

The parameters are
provided with buffers in
different ranges indicating
their reachability.

!

10 layers are regarded as
parameters, these layers are
transformed from vector to
raster format with a pixel size

of
10 meters * 10 meters.

!

In this scenario, each pixel

carries a weight based on

the layer's weighting when

multiplied by the weight of
the layer.

l

they are overlaid using the
weight overlay method.

Figure 23 Multi- Decision Criteria Overlay
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multi decision criteria making-warehouses

Reasoning

The warehouse with the lowest
rental valuve is the most preferred
option for reducing logistic costs.

The outer periphery of the city is
the most desirable location due
to maximum land availability
and minimum land costs.

The closest proximity to the
5 airport is the most favorable for
minimizing travel expenses.

Opting for the nearest distance
5 to the freight terminal is highly

advantageous in reducing travel
expenses.

Enhancing connectivity, the
location is strategically
positioned near the city's major
roads, facilitating ease of
transportation.

Warehouses tend to avoid
freight-restricted routes as they
do not facilitate transportation

efficiently.
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Figure 24 MDCM Weightage

As that trips from the warehouse
5 are drawn towards commercial
areas, proximity to commercial

land use is highly preferable.

Proximity to truck terminals
makes areas highly suitable.

Access to land parcels is
essential for development
purposes or for allocating space
in a master plan.

In travel time contour, the most

4 preferred areas are those
requiring the least amount of
time for travel.
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5.3 Scenario -1
OBSERVATION, PRIMARY SURVEY, AND CONSULTANCY SERVICES OPINION

The importance of various decision criteria is determined based on observations,
primary surveys, and opinions from consultancy services. Major roads carry the most
weight, making up 18% of the overall decision-making process. Rental value comes
next, accounting for 15% of the total weightage. Using the weighted overlay method,
it's found that the core area and intermediate ring are the most balanced locations for
setting up warehouse clusters. This means these areas are neither significantly
advantageous nor disadvantageous when considering all the factors involved. By
giving more weight to factors like major roads and rental value, decision-makers aim
to find optimal locations for warehouse clusters that offer good accessibility and
reasonable rental costs, leading to more efficient distribution and logistics

operations.
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Figure 25 Scenario 1
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5.4 Scenario -2
LITERATURE REVIEW

Based on findings from the literature review, the importance of various decision
criteria is determined. Major roads are given the highest weightage, accounting for
14% of the overall consideration. Proximity to the airport and land parcel availability
carry equal weight, each at 13%. Using the weighted overlay method, it's concluded
that the core area and intermediate ring emerge as the most suitable location for
establishing warehouse clusters. This means these areas are deemed optimal when
considering all the factors analyzed. By prioritizing factors like major roads and
proximity to key facilities, decision-makers aim to identify locations that offer
favorable conditions for warehouse operations, such as good accessibility and ample
space availability. This approach ensures that warehouses are strategically

positioned to facilitate efficient logistics and distribution activities.
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Figure 26 Scenario 2
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5.5 Scenario -3
PROPOSED TRUCK TERMINALS ARE THE MOST PRIORITY

The importance of various decision criteria is determined by prioritizing proposed
truck terminals, which carry the highest weightage at 30%. Using the weighted
overlay method, it's found that the intermediate ring emerges as the prime choice for
establishing warehouse clusters. These locations are considered the most suitable.
Notably, the truck terminals are positioned on the outer edge of the city. This
strategic placement aims to optimize logistics operations, as it allows for easy
access to transportation routes while minimizing congestion within the city center. By
giving priority to the placement of truck terminals, decision-makers aim to enhance
the efficiency and effectiveness of the supply chain network, ultimately benefiting

businesses and consumers alike.

LEGEND

truck termianls
Band 1
[ UNSUITABLE
NEUTRAL
HIGHLY SUITABLE
e freight_terminals

[ medchal
[ patancheru
I shamshabad

0 5 10 15 20km
N

Figure 27 Scenario 3
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The current distribution of warehouse clusters aligns closely with the findings of the
weighted overlay method outlined in the existing literature. This indicates that the
chosen locations are highly favorable for establishing warehouse clusters.
Additionally, the validation process further confirms the suitability of assigning
weightage based on the literature review. By comparing the actual locations of
warehouses with the results obtained from the literature review, we strengthen our
confidence in the decision-making process. This validation underscores the
robustness of the methodology employed, as it demonstrates a consistent alignment
between theoretical findings and real-world applications. As a result, decision-
makers can have increased assurance in the reliability and effectiveness of the
weighted overlay method for determining optimal warehouse locations. This
alignment between theory and practice enhances the overall credibility and
trustworthiness of the decision-making process, ultimately leading to more informed

and successful outcomes in warehouse management and logistics planning.

5.6 Optimal location

The most suitable scenario, as identified through the literature review which is
scenario-2, combines land availability, freight terminals, and appropriateness of the
location. By superimposing these parameters, the highlighted areas represent the
most ideal locations. These areas are not only near a freight terminal but also
possess ample land availability and are deemed highly suitable according to the
literature review. This integrated approach ensures that the selected sites optimize
both logistical efficiency and land utilization, making them prime locations for
establishing warehouse facilities and supporting streamlined supply chain
operations.
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LEGEND
Weighte_literature
Band 1
I UNSUITABLE
I NEUTRAL
HIGHLY SUITABLE
o freight_terminals

0 5 10 15 20km
)

LEGEND
rastered_landavailability
Band 1

1
3
| B

o freight_terminals

0 5 10 15 20km
)

Figure 29 Land-use
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Figure 30 Optimal Location For Forthcoming Warehouses

The most favorable sites for future development are situated along National Highway
163 and National Highway 65, linking Warangal and Vijayawada, respectively. The
proposed Batasingaram and Mangalapally logistic parks are situated in highly

suitable locations.
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CHAPTER 6. PROPOSALS & RECOMMENDATIONS

6.1 Proposals

1. Preserving and securing highly suitable land in the master plan is crucial for
accommodating clusters and preventing unplanned organic clustering throughout the
city. By conserving these areas, urban planners can strategically manage

development to optimize space usage and promote efficient infrastructure utilization.

One approach to conserving these clusters involves providing shared amenities to
enhance their functionality and sustainability. These shared amenities can include
various facilities custom-made to support the needs of businesses and logistics
operations within the cluster.

2. Railway sidings and freight terminals are essential components of a logistics park,
facilitating seamless transportation of goods via rail. Integrating these facilities into
the cluster conserves valuable land and enhances connectivity, allowing businesses

to efficiently transport goods to and from the park.

Common parking facilities address the parking needs of employees, visitors, and
delivery vehicles within the cluster. Centralized parking areas optimize land usage
and reduce congestion, ensuring smooth traffic flow and enhancing the overall
accessibility of the cluster. Loading and unloading points are vital for the efficient

movement of goods within the logistics park.

Efficient space utilization for heavy and light goods is essential for maximizing the
productivity of businesses within the cluster. Designing flexible warehouse spaces
that accommodate a range of storage and distribution needs ensures that

businesses can operate efficiently while optimizing the use of available land.

Additionally, other amenities such as green spaces, recreational areas, and
communal facilities can contribute to creating a vibrant and sustainable cluster
environment. These amenities enhance the quality of life for employees and
residents within the cluster while promoting social interaction and community
cohesion, preserving highly suitable land for clusters in the master plan and
providing shared amenities are essential strategies for promoting sustainable urban

development and preventing haphazard growth. By integrating these amenities into
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the cluster, urban planners can create vibrant and efficient logistics parks that
support economic growth and enhance the overall livelihood of the city.

6.2 Recommendations

Facilitating the transportation of goods via railways for import and export purposes
offers numerous benefits to logistics operations. Rail transportation provides a cost-
effective and environmentally friendly alternative for moving goods, especially over
long distances. By utilizing railways, businesses can transport a wide range of

goods, from small-scale items to heavy cargo, efficiently and reliably.

Moreover, integrating railways into logistics operations enhances overall efficiency by
reducing transportation time and costs. Railways offer faster transit times compared
to road transport for long-distance shipments, helping businesses meet tight
deadlines and customer demands. Additionally, railways often have lower operating
costs per ton-mile compared to other modes of transportation, resulting in cost

savings for businesses.

Overall, leveraging railways for transportation within logistics operations not only
facilitates import and export activities but also boosts efficiency, reduces costs, and
contributes to sustainable logistics practices.
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ANNEXURES
Annexure A- Survey Format

WAREHOUSE QUESTIONNAIRE

Disclaimer: This survey is for educational purposes only and is a part of the academics of Master of Planning at the School of
Architecture, Bhauri (Bhopal- M.P.). This survey aims to study the location of logistics facilities.

3TEHIOT: Ag HI&TOT Shaer A& 3682 & forw 8 3R Fepet 3T anfdhearar, iy ($oTer-#1.9.) & AR 3T canrfeler & Forre
ATSHAHT &I Ueh G & | S FARTUT T 36637 26X o G5 AT R aRasst TR F1 33 =T ¢

Location (Google coordinates): Established year:
Owner detalils: Operational timings:
Dedicated Parking for Warehouse (yes/no) If yes, number:

What are the primary commodities stored in your warehouse (commodities and current volume/size)

How would you describe the nature of your Perishable Durable
commodities

Shelf life of commodity: [1-3 days C0One week CO0One month 06 months 01 year CIMore than a
year

Services and infrastructure available Water supply, Source of water supply?

Electricity (max voltage required)

Nearest Fire station

Nearest Hospital

Local Transport availability.

What is the total storage capacity of your warehouse:

Rental value of warehouse (sqg. ft/ month):

Do different commodity prices influence the rental value? The reason, why?

commodity origin

Modes of transportation:

Abutting land descriptions: EAST

WEST
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NORTH

SOUTH

Recent tenants/depositors of the warehouse commodity (last 3 years)?

Observation

What type of warehouse is it: (1 Cold storage Obulk storage Cdry storage [0 E-commerce [JRailside

Approach Road details (road width and road condition):

Built condition: Clear Height (in m):

Proximity to rail side/ railway proximity to airport proximity to highway

station

Current land Price as per sqg. ft | 1) Market Rate 2) Ready reckoner rate (Circle
(in INR): rate)

Nearest warehouse OGovernment OONearest warehouse

(km) warehouse (km)

Other:
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N e —— CLUSTER OBSERVATION

’é? A, W e w1 e, e ST, WA TR
'\s\ C\,}’ School of Planning and Architecture, Bhopal
=

An Institute of National Importance, Ministry of Education, Government of India

Disclaimer: This survey is for educational purposes only and is a part of the academics of Master of Planning at the School
of Architecture, Bhauri (Bhopal- M.P.). This survey aims to study the location of logistics facilities.

3TESHIOT: qg HI&TOT Shaler A& 3682 & forw 8 3R Fepet 31T anfehearar, iy ($aTer-#1.9.) & AR 3Tt canrfeler & Forre
3THTSHT FT Ueh 2T § | 30 TAETOT T 36T AT & TS 1T R aRkagt IReeT & eTae e &

Cluster namelvillages under cluster

What kind of warehouses are predominant in the
cluster?

How accessible is the cluster in terms of road
infrastructure/ links?

What is the total area/total number of the
warehouse cluster?

Is there room for expansion of the cluster/abutting
land use?

How skilled is the workforce within the cluster?

Are there training programs for employees to
enhance their skills, if any mention?

common facilities

facilities details

1) Toilets/ refreshments

2) Canteen/ dining spaces

3) Loading and unloading spaces

4) Dedicated Parking

other details:
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==, o vd e R, e TRUCK DRIVERS

fé% %, W i 5 e, R Hera, MR TR
) j’ School of Planning and Architecture, Bhopal
v

An Institute of National Importance, Ministry of Education, Government of India

Disclaimer: This survey is for educational purposes only and is a part of the academics of Master of Planning at the
School of Architecture, Bhauri (Bhopal- M.P.). This survey aims to study the location of logistics facilities.

IHEAHIOT: Tg FARTT shefel ATeTeh 3522 & ToIT § 3R Tt 3T nfhearer, Y (HIUTeT-7.97.) & A 3Tt Cellfoiar & Forq
HATSHAHT &I Ueh G & | S FARTUT T 3653 26X o G5 AT iR aRasst TR F1 33l a3 ¢

Survey location

Driver age:

Origin:

Destination:

Journey time:

Operation hours:

Waiting time to load and unload:

Are there designated areas with
amenities such as restrooms and
break rooms for drivers?

Are there designated parking and
staging areas for trucks?

Are there designated areas for
drivers to wait during loading and
unloading?

Is there secure parking for trucks
during stops?

Who decides the Route Planning
and Navigation?

Are you aware of restricted routes
in the city?

How is communication handled
between the warehouse and
drivers?

Are the tariff structures and fees
transparent (tariff per day)? How
are additional charges
communicated to drivers?

What amenities do you desire during the journey break?

OToilets Oparking Odormitory ODhaba/ canteens Ofuel station O mechanic stations
Ocharging stations

Are there provisions for mandatory rest breaks as regulations, if yes how long?

1) Less than 2hrs 3) 5-10hrs

2) 2-5 hrs 4) More than 10hrs

other details:
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CLIENTS AND STAKEHOLDERS

Disclaimer: This survey is for educational purposes only and is a part of the academics of Master of Planning at the
School of Architecture, Bhauri (Bhopal- M.P.). This survey aims to study the location of logistics facilities.

HEAHIOT: Tg FARTT shefel ATeTeh 3222 & ToIT § 3R Tt 3T nfehcerer, Y (HIUTeT-7.77.) & A 30Tt Cellfeiar & Ford
HATSHAHT T Ueh 5T & | S FARTUT T 3643 2M6X o G5 AT R aRasst TR F1 33l a3 ¢

survey location

Client details/company name:

Proximity to Company:

Awareness about restricted routes:

Origin (of goods):

Destination (of goods):

Route usually preferred

How do you contact a warehouse of storage?

OAdvertisement Oconsultancy services

O known warehouse Cown warehouse

other:

Desired rental value (sg. ft/month):

How crucial are transportation links (roads,
highways, ports) for your logistical needs?

Are there specific transportation requirements
that the warehouse must meet?

Desired Storage Capacity:

Are there seasonal fluctuations that impact your
storage requirements?

What security measures are necessary for the
goods stored in the warehouse?

Are there specific industries or businesses you
prefer to be near?

What insurance is essential for your goods
stored in the warehouse?

Major needs of a warehouse/ how important is the

parameter on a scale of 10:

Nearest to manufacturing unit:

Near to Delivery location; if any mention the place:

Low rental value

Transportation availability

Low land value

Commodity specific

Parking facility

storage required

Warehouse type

Safety and Security

Pest control

Insurance

Operational timings

Other details:
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— gmumgammeas  CONSULTANCY SERVICE

p
%) é?(}\!; School of Planning and Architecture, Bhopal
s —

An Institute of National Importance, Ministry of Education, Government of India

Disclaimer: This survey is for educational purposes only and is a part of the academics of Master of Planning at the
School of Architecture, Bhauri (Bhopal- M.P.). This survey aims to study the location of logistics facilities.

3TESHIOT: qg HI&TOT Shaer A& 3682 & forw 8 3R Fepet 31T anfdhearar, iy (3arer-#1.9.) & AR 3T canfeler & Forre
3THTSHT FT Ueh 7T § | 30 TARTOT T 36T AN & TSH 1T R aRkagat IReeT & eTae e &
consultancy name/location:
no.of clients in a year :
platform for advertising

What is the minimum and maximum storage
capacity requested for:

does storage needs fluctuate seasonally or
over time?

what security and safety cautions clients
require

what are the major commodities, among
your client's age

What is the average rental cost?

do you have collaborative partnerships with
other businesses?

how do you reach out to transport operates
do you provide insurance?
other details:
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Annexure — B Rasterised Layers
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Figure 31 Rasterized Layer of Rental Value
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Figure 32 Rasterized layer of City Proximity

Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030Page 59



Location of Logistics Facilities, “A Spatial Analysis of Critical Land-Use Factors”
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Figure 33 Rasterized layer of city Proximity
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Figure 34 Rasterized layer of Freight Terminals
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Figure 35 Rasterized layer of Airport Proximity
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Figure 36 Rasterized layer of Major roads Connectivity
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COMMERCIAL
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Figure 37 Rasterized layer of Commercial Landuse
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Figure 38 Rasterized Layer of truck Terminals
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LAND AVAILABILITY
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Figure 40 Rasterized layer of Travel Time Contour
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