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Abstract— Parking management has become a critical issue in medium-sized cities due to rapid urbanization, rising income levels, and
exponential growth in private vehicle ownership. Unlike metropolitan cities, medium-sized cities often lack structured planning,
advanced parking systems, and regulatory enforcement mechanisms. This research investigates the nature, causes, and impacts of

parking problems and evaluates various management strategies.

The study integrates literature review, field observations, and analytical methods to assess parking demand, supply, and utilization
patterns. The findings reveal that parking shortages are not solely due to lack of space but are largely caused by inefficient

management, poor policy implementation, and unregulated on-street parking.

The study concludes that sustainable parking solutions must combine infrastructure development, demand management techniques,
and smart technologies. The research also highlights the importance of localized and data-driven planning approaches for improving

urban mobility and reducing congestion.
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The dominance of private vehicles is clearly evident in India’s

L. INTRODUCTION vehicle composition. Two-wheelers alone account for a major
Urban transportation systems are under immense pressure due¢  ghare, with around 260 million units, while cars account for
to the rapid increase in vehicle ownership. Medium-sized  gpproximately 50 million units. This indicates that more than
cities, which are transitioning from traditional to modern 80-85% of total vehicles are private vehicles, which
urban structures, face unique challenges in managing traffic  gjonificantly contributes to parking demand in urban areas.
and parking. The growth trend has continued strongly in recent years. The
Vehicle Growth in India Indian automobile sector has recorded steady year-on-year
Rapid urbanization, economic development, and improvement growth in vehicle registrations and sales, with passenger
in living standards have significantly accelerated the growth of  ycpicle registrations increasing by about 8—10% in 2025, and
motor vehicles in India. With increasing income levels and  gntinued growth observed in 2026. Additionally, India’s
casy availability of vehicle financing, ownership of private  ;utomobile industry achieved record production and sales

vehicles—especially two-wheelers and cars—has increased  Jeyels in 2026, reflecting increasing demand for personal
substantially in recent years. This trend has led to a major shift mobility.

from public transport to private modes of travel in urban areas. 1) Key Reasons for Parking Problems:
Recent data indicates that India has experienced continuous
growth in vehicle population. The total number of registered
motor vehicles in the country has crossed 350 million (35
crore) as of 2022, showing a consistent upward trend over the
years. More recent estimates suggest that the total vehicle
population is approaching 400 million (40 crore) vehicles,
highlighting the rapid pace of motorization in the country.

e Rapid urbanization without proportional
infrastructure growth

e Increase in personal vehicle ownership due to rising
income levels

e Inadequate public transport systems
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e Lack of proper land-use planning

Parking is a crucial component of transportation planning
because it directly affects:
e  Traffic flow efficiency

e Road safety
e Environmental sustainability

Improper parking practices such as illegal parking, double
parking, and encroachment reduce effective road width and
lead to congestion.

Vehicles (Million)

450

Vehicles (Million)

[ el = B S SRV FU R Y
th 2 Lh O Lh O Lh O
o o o o o o o o

0
1995 2000 2005 2010 2015 2020 2025 2030

Year

Composition of vehicle
population
® Two-Wheelers = Cars
Goods Vehicles = Buses
» Others
50, 2%3%

1. LITERATURE REVIEW

A review of existing studies provides valuable insights into
parking management.

2.1 Supply vs Demand Concept

Research shows that increasing parking supply often leads to
increased vehicle usage, a concept known as induced
demand. This creates a cycle where more parking leads to
more cars, worsening congestion.

2.2 Parking Pricing

Studies suggest that pricing mechanisms are effective tools for
regulating demand. Higher parking fees in congested areas
discourage unnecessary vehicle use.

2.3 Smart Parking Systems

Modern systems use:
e Sensors
e  GPS tracking

e  Mobile applications
These systems reduce the time spent searching for parking,
which contributes significantly to traffic congestion.
2.4 Policy-Based Approaches
Strict enforcement and zoning regulations play a vital role in
parking control.
2.5 Research Gap
Most studies focus on metropolitan cities, while medium-sized
cities remain under-researched despite facing severe parking
challenges.

IIl.  PROBLEM STATEMENT

Parking issues in medium-sized cities are multifaceted and
interconnected.

1) Major Problems ldentified:

1. Unplanned Parking Growth
Parking spaces are developed randomly without

proper planning.

2. On-Street Parking Dominance

Roads are used as parking spaces, reducing their

capacity.
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3. Encroachment and Illegal Parking
Vehicles are parked in no-parking zones,

intersections, and footpaths.

4. Lack of Parking Infrastructure

Insufficient off-street parking facilities.

5. Weak Enforcement Mechanisms
Traffic rules are often ignored due to lack of strict

implementation.

1V.  OBJECTIVES OF STUDIES

The study aims to:
e Evaluate existing parking conditions in selected areas
e  Analyze parking demand and supply mismatch
o Identify behavioral patterns of parking users
e  Assess effectiveness of current parking policies

e Propose sustainable and practical parking solutions

V. METHODOLOGY

The study is based on a combination of field surveys, traffic
volume studies, parking surveys, and questionnaire surveys.
Primary data is collected through on-site observations and
measurements, while secondary data is obtained from
available records and reports. Parking characteristics such as
accumulation, duration, turnover, and occupancy are analyzed
to understand the pattern of parking demand at different
locations.

In addition, user perception regarding parking problems and
possible solutions is assessed using a structured questionnaire
survey. Analytical tools such as the Relative Importance Index
(RII) are used to rank parking issues and prioritize
management strategies. Further, future parking demand is
estimated using growth trend analysis to support long-term

planning.

5.1 Data Collection Methods

a) Primary Data:
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Field surveys

Parking occupancy surveys

User interviews

b) Secondary Data:

e  Municipal records

e  Traffic reports

e  Previous research studies
5.2 Survey Techniques

1. Parking Accumulation Study
Measures the number of vehicles parked at a given

time.

2. Parking Duration Study
Determines how long vehicles occupy parking

spaces.

3. Turnover Study

Indicates how frequently parking spaces are used.
5.3 Tools Used

e  Manual counting

e  Stopwatch for duration analysis

e Data recording sheets

5.4 Study Area Description
The study includes:

e Commercial areas (high demand)

e Residential areas (moderate demand)

e  Mixed-use zones

VI. DATA ANALYSIS AND FINDINGS

6.1 Parking Demand vs Supply

e Commercial zones show a high demand-supply gap
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e  Peak hours (evening) experience maximum

congestion
6.2 Parking Characteristics

e  Long-duration parking reduces availability

e High dependency on on-street parking
6.3 Traffic Impact

e Road capacity reduced by 30-50%

e Increased travel time and fuel consumption
6.4 Behavioral Observations

e Lack of awareness about parking rules

e  Preference for parking close to destination

Vil. DISCUSSION

7.1 Smart Parking Systems

e Real-time availability tracking

e  Mobile apps for slot booking

e Digital payment systems
Benefits:

e  Reduces search time

o Improves traffic flow
7.2 Demand Management Strategies

e Dynamic pricing (higher during peak hours)

e  Time-based restrictions

e  Permit parking systems
7.3 Infrastructure Development

e  Multi-level parking structures

e  Underground parking

e  Park-and-ride facilities

7.4 Policy Measures
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e  Strict enforcement of parking rules

e  Clear signage and marking

e  Penalties for violations
7.5 Public Awareness

e Campaigns to educate citizens

e  Promotion of public transport

Vill. PROPOSED SOLUTIONS

8.1 Smart Parking Systems

e Real-time parking availability

e  Mobile applications

e Sensor-based monitoring
8.2 Demand Management

e Parking pricing strategies

e Time restrictions

e  Zonal parking regulations
8.3 Infrastructure Improvements

e  Multi-level parking structures

e  Off-street parking development

8.4 Policy and Enforcement

e  Strict penalties for illegal parking

e Better signage and awareness
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Type of respondent

39 responses

- 0 |

When do you experience maximum parking congestion?

39 responses

Aha

On which days parking problem is highest?

39 respanses
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IX. CONCLUSION

Parking problems in medium-sized cities are no longer minor
issues but have evolved into major urban challenges affecting

mobility, environment, and quality of life.

The present study focused on the assessment of parking
demand and identification of suitable management strategies
for major commercial and public activity areas in Washim.
and

Rapid urbanization, increasing vehicle ownership,

unplanned development of commercial zones have

significantly contributed to parking-related problems in the

city. The absence of organized parking facilities and effective

65

management systems has resulted in congestion, inefficient

utilization of road space, and inconvenience to users.

From the field surveys, traffic studies, and questionnaire
analysis conducted at selected locations Zilla Parishad, Patni
Chowk, Bus Stand, Krushi Utpanna Bazar Samiti, Railway
Station, and Collector Office it is observed that parking
demand often exceeds available supply, especially during peak
hours. The parking accumulation, duration, and turnover
studies revealed that a considerable proportion of road space is
occupied by parked vehicles, thereby reducing the effective
carriageway width and affecting traffic flow.

The questionnaire survey analysis, supported by the Relative
Importance Index (RII) method, highlighted that increased
parking search time, lack of management, insufficient parking
capacity, and poor parking layout are the major parking
problems across most locations. It is also observed that four-
wheelers, goods vehicles, and three-wheelers face greater
parking difficulties due to higher space requirements and
inadequate provision of designated parking spaces.

The study further identified key causes of parking problems,
including lack of time restrictions, absence of paid parking
systems, mixed land use, lack of awareness, and weak
enforcement of parking regulations. These issues indicate that
parking problems in Washim are not only due to insufficient
infrastructure but also due to poor management and lack of
regulatory control.

Analysis of user responses shows that people prefer simple,
low-cost, and immediately implementable solutions rather
than complex and expensive infrastructure. Solutions such as
use of vacant land, separate parking arrangements, time
restrictions, and strict enforcement received higher importance
compared to multilevel parking systems.

The study concludes that parking issues in Washim are
primarily =~ management-oriented  rather  than  purely
infrastructure-related, and effective improvement can be

achieved through proper planning, regulation, and optimal

utilization of available resources.

The study clearly indicates that:
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Increasing parking supply alone is not sufficient, as it

encourages more vehicle usage

Demand management strategies such as pricing and

restrictions are essential

Smart technologies significantly improve efficiency

and reduce congestion

Localized, data-driven strategies are more effective

than generalized approaches

A holistic approach combining infrastructure, technology, and

policy is necessary for sustainable parking management.

X.  RECOMMENDATIONS
Implement smart parking solutions
Introduce dynamic pricing systems

Improve public transportation to reduce vehicle

dependency
Encourage shared mobility

Strengthen enforcement mechanisms
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XI.  LIMITATIONS OF STUDY

e Limited study area

e Time constraints

e Dependence on manual data collection

XIlI. FUTURE SCOPE

e Integration with Al-based traffic systems

e Development of automated parking systems

e Expansion to larger urban areas
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