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Abstract 
 

Rapid and uncontrolled urbanization, coupled with economic growth, has significantly increased road traffic. For 

Low to Middle-Income Countries (LIMC), it is a priority to minimize and overcome this obstacle to attain progress 

from national and international perspectives, which is one of the predominant reasons for casualties worldwide. 

For long-term planning and implementation of appropriate accident prevention strategies for this area, scientific 

investigation of accident risk and future accident prediction are necessary, which is currently a limitation. This 

study has been conducted on the 281.5 km long Dhaka-Sylhet (N2) highway, where 16 years of (2000-2015) road 

accident data have been collected. On the Dhaka-Sylhet highway (N2), the number of accidents was 137 during 

the same period, according to the highway police. This study aims to identify black spots, i.e., an area where 

accidents are likely to occur on the highway, as mentioned earlier, which shows 50 such locations and ten spots in 

particular that are highly accident-prone. Accident frequency prediction models are developed to explore the 

driving factors of accident occurrence. The findings of this study can be helpful for relevant policy analysis to 

minimize the road crash severity and frequency in the cities of low to middle-income countries (LIMC) that share 

similar characteristics of the study area. 
 

Keywords: Black-spots, GIS, accident prediction, AADT, ARI, WSI. 

 

1 Introduction 

 

The global road safety crisis is marked by the significant number of injuries and deaths due to traffic accidents. 

Factors such as rapid population growth, urbanization, speeding, reckless driving, and insufficient road safety 

investment are crucial contributors, especially in Bangladesh. According to the WHO, road traffic accidents caused 

1.35 million deaths globally, and 50 million people suffer from related health issues annually. Tragically, young 

people (aged 15-29) account for around 0.3 million deaths each year, making road accidents the leading cause of 

death for this demographic .In many low and middle-income countries (LIMCs), road accidents account for 90% 

of global fatalities, despite only 54% of motorized vehicles being owned by 82% of the world’s population . Studies 

on road accidents in Bangladesh indicate that specific areas, known as black spots, account for a disproportionately 

high number of fatalities. For instance, a study on the Dhaka-Sylhet highway showed that 42% of fatalities occurred 

in black spots, which occupy just 4% of the road’s length. Identifying and analyzing these black spots is critical 

for improving road safety and allocating resources effectively. Traffic congestion, urbanization, and a high accident 

rate have made road safety a pressing concern. In Bangladesh, buses and trucks are the major contributors to 

accidents. Furthermore, road conditions such as lighting, surface type, and road design also significantly influence 

accident occurrence. Previous studies have used methods like Kernel Density Estimation (KDE) and GIS-based 

analysis to identify black spots. This study aims to further explore these methodologies to predict accidents and 

improve safety measures on national highways. 
  

2 Data Collection & Methodology of work 
 

The study was divided into three main steps, including analyzing the accidents, locating accident-prone areas using 

GIS's spatial analysis tools, and developing an accident prediction model in the study area. Identifying the 

"Accident-prone area" is essential for ensuring public safety. The Hazardous Road Area (HRL) program is a formal 

process that aims to specify a location within the road system with an unacceptably high incidence of road accidents 

to develop appropriate treatments to reduce accidents. In this study, the following roads in figure 1 are included as 

the study area as National Highway (N2), Dhaka-Sylhet Highway. The study location comprises 286.5 Km along 

the Dhaka-Sylhet (Tamabil) Highway, starting from 15 km reference at Katchpur, Dhaka, to 286.5 km at Tamabil-

Jaflong. It is an essential portion of the National Highway network, forming the link between Dhaka and Sylhet, 

the primary connection to Bangladesh's northern and northeast parts. The road passes draw seven districts namely 

Narayanganj (LRPS to LRP023), Narshingdi (LRP023 to LRP070), Kishoreganj (LRP070 to LRP073), 

Brahmanbaria (LRP073 to LRP107), Habiganj (LRP107 to LRP190), Moulavi Bazar (LRP190 to LRP192), and 
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Sylhet (LRP192 to LRPE). The highway comprises 22.66 km from the Narayanganj district, 47.91 km from the 

Narsingdi district, 2.29 km from the Kishoreganj district, 33.04 km from the Brahmanbaria district, 83.60 km from 

the Habiganj district, 1.7 km from the Moulovibazar district, and finally 95.3 km from Sylhet district which ends 

in Tamabil.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Dhaka-Sylhet Highway (N2) 

 

2.2 Annual Average Daily Traffic 

 

Annual average daily traffic (AADT) is the total volume of vehicle traffic on a highway or road for a year divided 

by 365 day. AADT of 2013 data for N2 has been collected from the Bangladesh Road Transport Authority (BRTA). 
A growth rate (r) of 10% per year (According to RHD) was assumed for this purpose. A formula was used for 

forecasting as follows: 

A = P (1 ± r)n 

 

Where, A = Predicted year traffic volume: P = Present year traffic volume: n = years of count and a minus sign 

indicates before the present year traffic count and sign mean after the current year traffic count. 

 

2.3 Blackspot identification 

 

The accident data obtained from ARI (BUET) are compared with the physical data obtained in the field to identify 

black spots. There are different methods to identify black spots. In this survey, the Weight Severity Index is adopted 

for Blackspot determination. Different factors are assigned to the degree of severity of accidents. In this study, the 

following factors, 41 for fatal accidents, 4 for grievous accidents, and 1 for Minor accidents for road accident 

analysis, are given according to . Accidents are classified into fatal (K), grievous accidents (GI), and minor injuries 

(MI). 

A higher WSI value means a higher severity of that section; thus, a higher value is assigned for the fatal accident  

WSI = (41 ∗ k) + (4 ∗ GI) + (1 ∗ MI) 

 

2.4 GIS Analysis 

 

The factors that increase the accident risk have lower weights, and the factors that decrease the accident risk have 

higher weights. The values of the weights are based on the literature and the data obtained from the Roads and 

Highway Department, Sylhet. Considering all the available roadway factors. Higher Final weights indicate that 

the road condition is comparatively better than those with low final weights. Considering this, a prioritization 

scheme is developed according to the final weight . The final weights are calculated from the following formula  
 

Final Weight = (∑Indivudual Weights) ∗ 100/110 
 

2.5 Spatial Interpolation (Krigging) 

 

Spatial interpolation is a method that uses the known values at given locations to estimate a continuous surface 

among several types of spatial interpolation, like Kernel Density Estimation (KDE), Inverse Distance Weighting 

(IDE), Spline, and Kriging.  

A comparative study between Kriging and KDE shows that Kriging provides comparatively better results than the 

two . So, the Kriging method is used to analyze the blackspots on N-2 to find the faultiest sections. Say x and xi 

are location vectors for estimation points and observations at known locations, respectively, with i = 1… n. In this 
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study, x indicates a single point location where the number of crashes is likely to occur in estimating using nearby 

observations, xi. 

Based on n number of available crash frequencies, we are interested in estimating the number of crashes at any 

given location, denoted by Z. The expression of a general kriging model is as follows  : 

𝑍′ = 𝑚(𝑥) + ∑ 𝜆𝑖 [𝑍(𝑥𝑖) − 𝑚(𝑥𝑖)]
𝑛

𝑖=1
 

2.6 Multiple Poisson Regression 

Multiple Poison regression analysis will provide an equation that predicts one variable from two or more 

independent variables . So, the multiple regression model is of the following form, 

ln(𝑌) =  𝛽0 + 𝛽1 𝑋1 + 𝛽2 𝑋2 

 

Where, β1, β2 = regression coefficient and X1, X2 = independent variables. The multiple Poisson regression model 

is used in this study. A total of 11 variables are used. The number of accidents is the dependent variable. 

Independent variables include the number of lanes, width of the road, Surface type, Surface condition, Drainage 

facility, Frequent vehicle type, AADT, Presence of the shoulder, Edge construction, presence of median, etc. 

Accident data are collected from ARI (BUET). Other relevant data is collected from RHD. Among them, the 

independent variable selection was performed using LASSO regression, is included in Eqn. (5). A linear with 

standardized predictors xij and centered value of responses yi for i = 1, 2…, N and j = 1, 2…, p, the LASSO solves 

the l1 -penalized regression problem of finding β = {βj} to minimize, 

∑(𝑦𝑖 − ∑ 𝑥𝑖𝑗𝛽𝑗

𝑗

)2 +  𝜆 ∑ |𝛽𝑗|

𝑝

𝑗=1

𝑁

𝑖=1

 

 

That is the same as reducing the sum of squares of the form Ʃ|βj| ≤ s [42]. 

 

3. Result and Discussion 

 

3.1 Accidents and Accidents Severity  

Accident numbers reflect the number of accidents that occurred over the year, whereas severity gives an idea about 

the fatality of the particular accident. By analyzing the data, we can get a clear idea about the accident pattern, and 

we'll be able to undertake safety measures. Data collected from ARI and BUET over a year gives us the following 

chart to compare. Let us compare tardy or accident frequency on N-2. Figure 3 illustrates that the frequency of 

accidents decreased from 2000 to 2005 whereas in 2006 there was an increase in the number of accidents. Again, 

accidents decreased from 2008 to 2012 but increased from 2013 to 2015. Figure 4 shows the number of accidents 

of the "Fatal" type governs in all those years. For those 16 years, a total of 1008 accidents have occurred, and out 

of these, 838 are fatal, which is around 83%, and that varies in percentage, followed by 125 grievous accidents, 

which are roughly 12.5%, and minor accidents, which are merely 4.5%. 
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Figure 2. Number of accidents on N2 between the years 2000 to 2015. 

 

 Figure 3. Types of accidents on N2 between the year 2000 to 2015. 

3.2 Blackspot Identification: 

A highway black spot is where road accidents frequently occur compared to other road sections . This study 

identifies the accident blackspots based on the weight severity index. In the study, three years (2013-2015) of 

accident data are analyzed accordingly to determine the potential black spot and wait for the severity index value 

calculated from each spot. The locations where WSI values are higher denoted that the accident severity on that 

section of the Highway is higher, thus identified as Black spots. Based on the analysis of all the hotspots, accident 

distribution is not uniform across the highway stretches. The maximum intensity of accident has been recorded in 

location LRP013 and LRP85. Therefore, to establish that a location is more accident-prone, the final weight should 

be lower, as lower values of the final weights indicate higher accident vulnerability. However, it has been found 

that the final weight assigned to this section is 50, which suggests that it is a low accident-prone area, which 

contradicts the actual on-field condition of the highway. A higher number of accidents observed in the initial 

kilometers, but final weights might not reflect it. LRP029 and LRP039 are identified as highly vulnerable 

confirmed by both WSI and final weights. Despite having medium final weights, LRP034 and LRP035 were 

identified as highly vulnerable. Sometimes road conditions play a significant role for LRP064 and LRP065 despite 

high WSI. No reported accidents but high WSI and final weights have been observed for LRP113. Table 1 

demonstrates the WSI and corresponding final weight for all hotspots). Our total highway stretch is 286.5 km, it is 

challenging to access each km post. Also, thus, sections that have a WSI value greater than 41 are termed accident 

blackspots. By this method, we obtained 50 black spots, where 6 locations are low accident prone, 34 locations are 

medium and finally 10 locations are highly accident prone.Between the years 2013 and 2015, the N2 highway 

stretch experienced a total of 218 accidents. Of these, 162 were fatal, representing approximately 74% of the total 

accidents. In contrast, 47 accidents were classified as grievous, accounting for around 22%, while minor accidents 

were responsible for only 9, which equates to 4% of the total accidents. The stretch between km post 07 to 74 

reported the most accidents, accounting for 141 of the 218 accidents, approximately 65%. 
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It's important to note that accidents depend not only on roadway conditions but also on human behavior, making 

it challenging to incorporate all relevant factors in the proposed section.  

Figure 4. Graphical representation of Accident Blackspots 

 

 

Figure 5. 3D model of LRP222 (Latitude: 24.8569722, Longitude: 89.3502222) &  

LRP035 (Latitude: 23.9223049, Longitude: 90.1376386) 

 

3.2 LASSO Regression  

 

The LASSO regression analysis observed that the subsequent characteristics were predominant predictor of the 

“Sum of Individual Weights”: Width of the road (0.868371), Frequent vehicle type (1.105305), No. of the vehicle 

per day (1.599901), Presence of shoulders (1.798127), and Edge obstruction (2.879779). Considering the 

independent parameters such as, width of the road, frequent vehicle type, No. of the vehicle per day, presence of 

shoulders, and edge obstruction which cause significant changes in Weights value, the regression equation is given 

below: 

log(𝑊𝑒𝑖𝑔ℎ𝑡𝑠) = 3.3668 + 0.019519 × 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑜𝑎𝑑 + 0.019545 × 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑡 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑡𝑦𝑝𝑒
+  0.0.018971 × No. of the vehicle per day + 0.020966 × Presence of shoulders
+ 0.019977 × Edge obstruction 

Figure 6. The observed vs. predicted values of WSI. 
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4. Conclusion 

 

Out of the 286.5-kilometer highway stretch, we obtained 50 hotspots in various locations, approximately 17% of 

the total length of the N2 highway. Dash, we may conclude that it is one of the most accident-prone highways in 

Bangladesh. Of all 218 recorded accidents, 118 are “Fatal," which is approximately 54%. That is very high; thus, 

the mortality rate is also high in the study area. Most accidents occurred between 07 to 74 Km post, 130 of 218. 

These Km posts are situated among Narayanganj (LRPS to LRP023), Narsingdi (LRP023 to LRP070), and 

Kishoreganj (LRP070 to LRP073) districts. Most fatal accidents occurred between 31 to 47 Km post, which is 43 

in number, and these are situated in nourishing the LRP023 to LRP070 district. LRP085 has the highest WSI value, 

which is 426. The GIS analysis and the recorded accident data table show that most of the accident-prone areas are 

situated in the Narsingdi region. Spatial analysis obtained the accident rates and fatal accident rates of those roads. 

The Spatial Analysis helps identify the most accident-prone road section. The departure is not uniformly 

distributed, so a most miniature square regression model is made based on some variables. This model will help 

describe the relationship between actual accidents and the factors leading to accidents. In this study, we have 

considered eleven such factors leading to the cause of accidents according to the available data provided by BRTA 

and RHD. The regression analysis presents a correlation factor of 0.9976, which indicates that this model can 

interpret 99.76% of actual scenarios based on available roadway factors. Though it is not good, it can be accepted 

while considering human behavior.  
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