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Abstract:

Road traffic accidents are a major concern worldwide, causing significant loss of life, injuries, and economic
damage. Identifying accident-prone areas is essential for improving road safety and supporting effective
transportation planning. This study utilizes Geographic Information System (GIS) techniques to analyze the
spatial distribution of road accidents and identify accident hotspots. Historical accident data, road network
information, traffic characteristics, and location coordinates are integrated within a GIS environment for
spatial analysis. Techniques such as accident density mapping, hotspot analysis, and spatial clustering are
employed to detect high-risk locations. The generated GIS maps provide a visual representation of accident-
prone zones, enabling transportation authorities and planners to implement targeted safety measures. The
results demonstrate that GIS is an effective tool for identifying accident black spots and supporting data-
driven decision-making for accident prevention and road safety management. The study highlights the
importance of spatial analysis in reducing accident risks and enhancing the overall efficiency of
transportation systems.

Keywords: Geographic Information System (GIS), Accident-Prone Areas, Accident Hotspots, Spatial
Analysis, Road Safety, Black Spot Identification, Traffic Accidents, Density Mapping.
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I. INTRODUCTION

Road traffic accidents are a major public safety
concern worldwide, resulting in significant loss of
life, injuries, and economic damage. Rapid
urbanization, increasing vehicle ownership,
inadequate road infrastructure, and traffic
congestion have contributed to a rise in road
accidents. Identifying accident-prone areas, also
known as accident hotspots or black spots, is
essential for improving road safety and reducing
accident frequency.

Geographic Information System (GIS) has
emerged as an effective tool for analyzing and

visualizing spatial patterns of road accidents. GIS
enables the collection, storage, management, and
analysis of geographically referenced accident data,
allowing researchers and transportation authorities
to identify locations with high accident
concentrations.  Through  spatial  analysis
techniques such as hotspot analysis, kernel density
estimation, buffer analysis, and spatial clustering,
GIS helps reveal accident distribution patterns and
the factors influencing accident occurrence.

The present study focuses on the detection of
accident-prone areas using GIS techniques.
Historical accident records, road network data,
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traffic information, and geographic factors are
integrated within a GIS environment to identify
high-risk locations. The generated accident hotspot
maps provide valuable information for
transportation planners, traffic management
authorities, and policymakers to implement
appropriate road safety measures. By utilizing
GIS-based spatial analysis, the study aims to
support effective decision-making for accident
prevention, infrastructure improvement, and
sustainable transportation planning.Road traffic
accidents are a major public safety concern
worldwide, resulting in significant loss of life,

injuries, and economic damage. Rapid
urbanization, increasing vehicle ownership,
inadequate road infrastructure, and traffic

congestion have contributed to a rise in road
accidents. Identifying accident-prone areas, also
known as accident hotspots or black spots, is
essential for improving road safety and reducing
accident frequency.

II. METHODS AND MATERIALS

3.1 Materials

The present study aims to identify accident-prone
areas (black spots) in Maharashtra using
Geographic Information System (GIS) techniques.
Various spatial and non-spatial datasets were
collected from government agencies and road
safety departments. The primary data consisted of
road accident records containing information on
accident location, date, time, severity, and type of
collision. Secondary data included road network
maps, district boundary maps, traffic volume data,
and satellite imagery. Geographic coordinates of
accident locations were obtained using GPS or
geocoding techniques. The software used for
spatial analysis was ArcGIS or QGIS, which
enabled mapping, spatial analysis, and hotspot
identification. Additional tools such as Microsoft
Excel and Google Earth were used for data
preprocessing and validation.

3.2 Methodology

The methodology adopted in this study is based on
GIS techniques for identifying accident-prone
areas and consists of several sequential stages.
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Step 1: Data Collection

Accident data for a selected period were collected
from traffic police records, government
transportation departments, and road safety
agencies. The dataset included accident location,
severity, number of casualties, vehicle type, and
accident frequency. Road network data and
administrative boundary maps of Maharashtra
were also obtained.

Step 2: Data Preparation and Database Creation
The collected accident records were checked for
missing  values, duplicate  entries, and
inconsistencies. The cleaned data were organized
into a GIS database. Geographic coordinates were
assigned to accident locations through
GPSobservations or geocoding. The accident
database was then integrated with the road network
layer within the GIS environment

Step 3: Spatial Mapping of Accident Locations

All accident points were plotted on the
Mabharashtra road network map using GIS software.
This process enabled visualization of the spatial
distribution of accidents across highways, state
roads, and urban road networks. Different symbols
were used to represent accident severity levels.

Step 4: Buffer Analysis

Buffer zones were generated around major roads,
intersections, and accident locations. The buffer
analysis helped identify the influence area
surrounding accident sites and determine locations
where accident occurrences were concentrated.
Buffer distances were selected according to road
characteristics and study objectives.

Step 5: Kernel Density Estimation (KDE)

Kernel Density Estimation was applied to calculate
accident density over the study area. This
technique converts discrete accident points into a
continuous surface, highlighting areas with high
accident concentration. The resulting density map
clearly indicates zones of elevated accident risk.

Step 6: Hotspot Analysis
Hotspot analysis was performed to identify
statistically significant clusters of accidents. Areas
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exhibiting high accident frequency were classified
as hotspots, while areas with low accident
occurrence were classified as cold spots. This
analysis assists in recognizing locations that
require immediate safetyinterventions.

Step 7: Spatial Overlay Analysis

The accident hotspot map was overlaid with road
characteristics, traffic volume data, and land-use
information. This step helped evaluate the
relationship between accident occurrence and
factors such as road geometry, intersection density,

traffic congestion, and surrounding land use.Step 7:

Spatial Overlay Analysis

Step 8: Identification of Accident-Prone Areas
Based on the results of density analysis, hotspot
analysis, and spatial overlays, accident-prone areas
were identified and categorized according to their
risk level. Locations with repeated accident
occurrences and high accident density were
designated as black spots.

Step 9: Validation and Verification

Field visits and comparison with official accident
records were conducted to validate the identified
accident-prone locations. The final accident
hotspot map was prepared after verification of
results.

III. LITERATURE REVIEW:

Flexible pavements are influenced by traffic
loading, material properties, environmental
conditions, and construction quality. Several
studies have focused on improving pavement
performance through advanced analysis techniques
and sustainable materials. Ranadive and Tapase
(2012, 2013) and Tapase and Ranadive (2016,
2017) demonstrated the importance of material
optimization and finite element modeling for
evaluating pavement responses under varying
loading and environmental conditions. Further
studies highlighted the significant effects of
temperature, axle load, layer thickness, and
material characteristics on pavement performance.
Comprehensive reviews by Chandak et al. (2017,
2018) and Sayyed et al. (2021) emphasized the
roles of traffic, drainage, environmental factors,
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and systematic pavement evaluation in ensuring
pavement durability and effective maintenance.
Research on pavement failures identified
overloading, poor drainage, inadequate material
quality, and construction deficiencies as major
causes of premature deterioration (Sayyed et al.,
2019; Tapase et al., 2020; Patil et al., 2021).
Recent studies have increasingly focused on
sustainable pavement materials. The use of waste
plastic, e-waste, crumb rubber, bagasse ash, and
reclaimed asphalt pavement (RAP) has shown
promising improvements in pavement strength,
durability, and environmental sustainability
(Chandak et al., 2019; Dombe et al., 2019; Patil et
al., 2019; Sayyad et al., 2022; Tapase et al., 2022).
Similarly, research on black cotton soil
stabilization using locally available materials has
demonstrated enhanced subgrade performance for
rural roads (Chandak et al., 2021, 2025).

Studies on polymer-modified bitumen and
resource  conservation  strategies  further
highlighted the importance of innovative materials
and sustainable practices in pavement engineering
(Tapase and Kadam, 2014; Tapase et al., 2021).
Overall, the literature indicates a growing
emphasis on advanced pavement analysis and
sustainable material technologies to improve
pavement performance, durability, and cost-
effectiveness. However, challenges related to long-
term performance, overloading, and environmental
impacts continue to require further investigation.

IV. RESULTS AND DISCUSSION
Study Area: Maharashtra Study Area Map

MAHARASHTRA
DISTRICT MAP

Figure 1.Maharashtrastudy Area map
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The study area comprises the entire state of
Maharashtra, India. Maharashtra has an extensive
transportation network consisting of national
highways, state highways, expressways, urban
roads, and rural road systems. Due to rapid
urbanization, industrial growth, and increasing
vehicle ownership, the state experiences a high
number of road traffic accidents annually. GIS-
based spatial analysis was performed to identify
accident-prone areas (black spots) and understand
the spatial distribution of road accidents across
districts.
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An accident-prone area (also called a black spot) is
a road section, intersection, or highway stretch
where road accidents occur repeatedly and at a
significantly higher rate than surrounding locations.
In Maharashtra, rapid urbanization, increasing
vehicle ownership, mixed traffic conditions,
inadequate road infrastructure, and human factors
have contributed to the growth of accident-prone
zones. GIS-based studies are widely used to
identify, map, and analyze these locations for
effective road safety planning.An accident-prone
area (also called a black spot) is a road section,
intersection, or highway stretch where road
accidents occur repeatedly and at a
significantlyhigher rate than surrounding locations.
InMaharashtra, rapid urbanization, increasing
vehicle ownership, mixed traffic conditions,
inadequate road infrastructure, and human factors
have contributed to the growth of accident-prone
zones. GIS-based studies are widely used to
identify, map, and analyze these locations for
effective road safety planning. Results
District-wise Accident-Prone Areas in
Maharashtra

Accident Risk Distribution Chart

District-wise accident risk in Maharashtra
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Relative accident-prone districts identified through
GIS hotspot and density analysis.

Figure 3. Accident prone areas in Maharashtra
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District-wise accident risk in Maharashtra

Relative accident-prone districts identified through
GIS hotspot and density analysis.

Pune
Mumbai
Nashik
Nagpur
Thane
Aurangabad
Kolhapur

Satara

Figure 3.Chart of District-wise acci

Road type-wise accident distribution:

Road type Percentage of total
Accident

National 42%

State Highway 28%

Urban Road 35%

Rural road 10%

Time wise Accident Distribution:

Time period percentage
Morning(6pm-12pm) | 22%
Afternoon(12pm-6pm) | 28%
Evening(6pm-9pm) 35%
Night(10pm-6pm) 15%
The evening period recorded the highest accident
frequency due to peak traffic congestion and
reduced visibility

Kernel Density Estimation Results:

Density zone Accident Density
Very high Density >150accidents
High Density 100-150 accidents
Moderate Density 50-100accidents
Low Density 20-50 accidents
Very low Density <20accidents

The Very High Density zones were primarily
located around Pune, Mumbai Metropolitan
Region, Thane, Nashik, and Nagpur.
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Figure 5. Accident Density Estimation

The detection of accident-prone areas using GIS
provides a scientific and systematic approach for
understanding road safety issues. Traditional
accident analysis methods often rely on tabular
statistics, which make it difficult to visualize
spatial relationships between accident locations
and surrounding geographic features. GIS
overcomes this limitation by integrating accident
records with spatial data layers, enabling
comprehensive spatial analysis and visualization.

In this study, GIS techniques such as Kernel
Density Estimation (KDE), hotspot analysis, and
spatial clustering were employed to identify areas
with high accident concentrations. The results
revealed distinct spatial patterns in accident
distribution across Maharashtra. Urban districts
and major transportation corridors exhibited
significantly higher accident densities due to
greater traffic volume, population concentration,
and economic activities.

The identified hotspots correspond closely with
areas characterized by complex transportation
networks, including highway intersections,
flyovers, roundabouts, and urban junctions. These
findings agree with previous research studies
which reported that intersections and congested
road segments are major contributors to road
accidents. High vehicle density and conflicting
traffic movements increase the probability of
collisions at these locations.
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Another important observation is the influence of
road infrastructure on accident occurrence. GIS
analysis indicated that road segments with sharp
curves, inadequate shoulder width, poor pavement
conditions, and insufficient traffic control devices
experienced higher accident frequencies. Such
infrastructure deficiencies reduce driver reaction
time and increase accident susceptibility,
particularly during adverse weather conditions and
nighttime travel.

Land-use analysis also provided valuable insights
into accident patterns. Commercial areas,
industrial zones, and rapidly urbanizing regions
demonstrated higher accident concentrations than
residential and agricultural areas. Increased
economic activity in these zones generates
substantial vehicular movement, leading to traffic
congestion and elevated accident risks. The
integration of land-use information within GIS
enables researchers to evaluate how human
activities influence road safety.

The spatial analysis further highlighted the
importance of population density as a contributing
factor. Densely populated urban centers exhibited
greater accident frequencies due to increased
interactions between vehicles, pedestrians, and
cyclists. This finding emphasizes the need for
improved pedestrian infrastructure, traffic calming
measures, and effective urban transportation
planning.

The study demonstrates that GIS can effectively
support accident prevention strategies by

identifying locations requiring immediate attention.

Decision-makers can utilize GIS-generated hotspot
maps to prioritize road safety improvements and
optimize resource allocation. Moreover, GIS
facilitates continuous monitoring of accident
trends, enabling authorities to evaluate the
effectiveness of implemented safety measures over
time.

Therefore, GIS serves as a powerful platform for
accident  analysis, risk assessment, and
transportation planning. The integration of spatial
data and analytical techniques enhances
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understanding of accident causation factors and
supports the development of targeted interventions
for improving road safety.

IV. CONCLUSION

1)GISproved to be an effective tool for identifying
and mapping accident-prone areas.

2)Spatial analysis revealed that accidents are
concentrated in specific hotspots rather than being
randomly distributed.

3)Major highways, urban corridors, intersections,
and industrial regions showed the highest accident
densities.

4)Kernel Density Estimation and hotspot analysis
successfully identified high-risk accident locations.
5)Road geometry, traffic volume, land use, and
population density significantly influence accident
occurrence.

6)GIS-based accident mapping provides clear
visualization of accident patterns and risk zones.
7)The generated accident hotspot maps can assist
transportation authorities in decision-making and
planning.

8)Targeted safety measures can be implemented at
identified black spots to reduce accident frequency.
9)GIS enables efficient monitoring and evaluation
of road safety conditions over time.

10)The study concludes that GIS is a reliable and
cost-effective approach for accident-prone area
detection 1and road safety management.

11)The findings can support sustainable
transportation planning and help reduce road
accident fatalities.

12)Future studies can integrate Al, machine
learning, and real-time traffic data with GIS to
improve accident prediction accuracy and enhance
road safety strategies

V.REFERRNCES

1. Chandak, P. G., Patil, R. P., Tapase, A., Attar,
A. C., & Sayyed, S. S. (2018). Performance
evaluation of low volume rural roads: A state-
of-the-art review. In Civil Infrastructures
Confronting Severe Weathers and Climate

ISSN : 2581-7175

O©IJSRED: All Rights are Reserved

Page 2691



ISSN : 2581-7175

Changes (pp. 43-57). Springer.
https://doi.org/10.1007/978-3-319-95750-0_4
. Chandak, P. G., Sayyed, S. S., Tapase, A. B.,
Patil, O. D., & Kumbhar, S. S. (2025).
Stabilizing the black cotton subgrade soil
utilizing cow dung and sugarcane bagasse ash
for design of rural roads. In Proceedings of the
International Conference on Construction,
Real Estate, Infrastructure & Project
Management (pp. 144—158). Springer Nature.
https://doi.org/10.1007/978-981-96-3357-

4 10

. Chandak, P. G., Tapase, A. B., Patil, R. P,
Sayyed, S. S., & Attar, A. C. (2019). Utilizing
different wastes in rural roads of Karad,
District—Satara, India. International Journal of
Innovative  Technology  and  Exploring
Engineering, 9(1), 3464-3469.
https://doi.org/10.35940/1JITEE.A4906.11911
9

. Chandak, P. G., Tapase, A. B., Patil, R. P,
Sayyed, S. S., & Attar, A. C. (2021). Design
charts for black cotton subgrade soil in Karad
Taluka: A case study. Innovative Infrastructure
Solutions, 6(1), Article 3.
https://doi.org/10.1007/s41062-020-00395-8

. Chandak, P. G., Tapase, A. B., Sayyed, S. S.,
& Attar, A. C. (2017). A state-of-the-art review
of different conditions influencing the
behavioral aspects of flexible pavement. In
Sustainable Civil Infrastructures: Innovative
Infrastructure Geotechnology (pp. 300-312).
Springer.  https://doi.org/10.1007/978-3-319-
61902-6_25

. Dombe, S., Tapase, A. B., Ghugal, Y. M.,
Konnur, B. A., & Patil, A. (2019). Investigation
on the use of e-waste and waste plastic in road
construction. In D.-H. Chen, S. Kim, & A.

Tapase (Eds.), Sustainable civil infrastructures:

Innovative infrastructure geotechnology (pp.
85-99). Springer. https://doi.org/10.1007/978-
3-319-95750-0_8

. Gade, A., Kulkami, S., Tapase, A., & Bonde, S.
(2019). A cost-effective approach towards road
construction—Kondave: A case study. In D.-H.
Chen, S. Kim, & A. Tapase (Eds.), Civil
infrastructures confronting severe weathers
and climate changes (pp. 98—106). Springer.

10.

11.

12.

13.

O©IJSRED: All Rights are Reserved

International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 3, May-June 2026

Available at www.ijsred.com

https://doi.org/10.1007/978-3-319-96241-
2_10

Patil, A. M., Tapase, A. B., Ghugal, Y. M.,
Konnur, B. A., & Dombe, S. (2019).
Investigation on the use of crumb rubber and
bagasse ash in road construction. In D.-H. Chen,
S. Kim, & A. Tapase (Eds.), Sustainable civil
infrastructures:  Innovative  infrastructure
geotechnology (pp. 121-134). Springer.
https://doi.org/10.1007/978-3-319-95750-
0_11

Patil, O. D., Chandak, P. G., Tapase, A. B.,
Patil, R. P., & Patil, N. E. (2021). Critical
pavement response analysis under overloading
for design of low volume rural roads. In D.-H.
Chen, S. Kim, & A. Tapase (Eds.), Civil
infrastructures confronting severe weathers
and climate changes (pp. 25-40). Springer.
https://doi.org/10.1007/978-3-030-79641-9_3
Ranadive, M. S., & Tapase, A. B. (2013).
Investigation of behavioral aspects of flexible
pavement under various conditions by finite
element method. In P. V. Lade, J. A.
Yamamuro, & V. N. Kaliakin (Eds.),
Constitutive modeling of geomaterials (pp.
765-770). Springer.
https://doi.org/10.1007/978-3-642-32814-

5 98

Ranadive, M. S., & Tapase, A. (2016).
Pavement performance evaluation for different
combinations of temperature conditions and
bituminous mixes. Innovative Infrastructure
Solutions, 1(1), Article 5.
https://doi.org/10.1007/s41062-016-0005-5
Ranadive, M. S., & Tapase, A. B. (2016).
Parameter sensitive analysis of flexible
pavement. International Journal of Pavement
Research and Technology, 9(6), 466—472.
https://doi.org/10.1016/].1jprt.2016.10.002
Sayyed, S. S., Patil, R. P, Tapase, A., Attar, A.
C., & Chandak, P. G. (2021). Review and
assessment of flexible pavement. In D.-H.
Chen, S. Kim, & A. Tapase (Eds.), Civil
infrastructures confronting severe weathers
and climate changes (pp. 139-149). Springer.
https://doi.org/10.1007/978-3-030-79641-

9 11

Page 2692



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 3, May-June 2026

14.

15.

16.

17.

18.

19.

20.

Sayyed, S. S., Tapase, A. B., Patil, R. P., Attar,
A. C., & Chandak, P. G. (2019). Performance
evaluation of flexible pavement for critical

parameters  causing premature failure.
International ~ Journal  of  Innovative
Technology and Exploring Engineering
(IJITEE), 9(1).

https://doi.org/10.35940/IJITEE.A4950.11911
9

Sayyad, S., Patil, R. P., & Tapase, A. B. (2022).
Investigating the effect of RAP and crumb
rubber in bituminous layer for pavement
constructed in Satara District. International
Journal of Pavement Research and Technology,
15(2), 333-348.
https://doi.org/10.1007/s42947-020-00069-5
Tapase, A. (Ed.). (2021). Infrastructure
sustainability through new developments in
material, design, construction, maintenance,
and  testing of pavements.  Springer.
https://doi.org/10.1007/978-3-030-79640-2
Tapase, A. B., Chandak, P. G., Patil, R. P.,
Attar, A. C.,, & Sayyed, S. S. (2020).
Evaluation and remedial measures on
premature failure of roads in India. Journal of
Performance of Constructed Facilities, 34(1),
Article 04019112.
https://doi.org/10.1061/(ASCE)CF.1943-
5509.0001384

Tapase, A. B., & Ranadive, M. S. (2016).
Performance evaluation of flexible pavement
using the finite element method. In Geo-China
2016:  Material,  design, construction,
maintenance, and testing of pavement (pp.
141-148). American Society of Civil
Engineers.
https://doi.org/10.1061/9780784480082.014
Tapase, A. B., & Ranadive, M. S. (2017).
Predicting performance of flexible pavement
using finite element method. In D.-H. Chen, S.
Kim, & A. Tapase (Eds.), Sustainable civil
infrastructures:  Innovative  infrastructure
geotechnology (pp. 137-146). Springer.
https://doi.org/10.1007/978-3-319-61902-
6_12

Tapase, A. B., Sayyed, S. S., Patil, N., Kadam,
D., Shelar, A., & Patil, R. P. (2021).
Conservation planning of road construction

21.

Available at www.ijsred.com

raw materials: Satara—A case study. In D.-H.
Chen, S. Kim, & A. Tapase (Eds.), Civil
infrastructures confronting severe weathers
and climate changes (pp. 109—131). Springer.
https://doi.org/10.1007/978-3-030-79641-9_9
Tapase, A. B., Sayyed, S. S., Patil, N., Kadam,
D., Shelar, A., Patil, R. P., & Chandak, P.
(2022). Analytical and laboratory investigation
on the use of RAP and waste plastic for
conservative planning of road construction raw
materials. Journal of Testing and Evaluation,
50(6), 2820-2837.
https://doi.org/10.1520/JTE20210044

ISSN : 2581-7175

O©IJSRED: All Rights are Reserved

Page 2693



