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Abstract Review History

Rail transportation holds a significant position among transportation modes due to its cost- Received: Nov 14, 2024
effectiveness and high safety. However, the intersection of road and rail networks at level Revised: Aug 11,2025
crossings reduces the safety of these points due to the direct connection of the rail infrastructure Accepted: Nov 8, 2025
with road users and pedestrians. The growth of rail and road networks due to increased

population and travel has increased the number of these crossings, which has led to an increase in  Keywords

the number of accidents, which are usually of high severity, and this has caused additional costs Grade crossing

and delays. Therefore, there is a need for systematic methods to prioritize crossings to improve  accident prediction
safety.

The present study includes sections of introduction, literature review, data description,
statistical collection and analysis, modeling, validation, discussion, and results. This study aims
to examine the factors influencing the number of accidents at these crossings and propose a
method for prioritizing authorized level crossings in Iran, with an emphasis on improving safety.
The research is based on 10 years of data up to 2022, demographic block data from 2006, and the
characteristics of 130 level crossings. It employs the Zero-Inflated Poisson (ZIP) model, which
offers higher accuracy than previous studies conducted in Iran. Additionally, this study seeks to
diversify the influential variables and explore their relationships with accidents at level

crossings.The model consists of two components: The Poisson component, which examines the

Statistical models

Zero-Inflated Poisson
model

number of accidents at the studied crossings, is influenced by factors such as road usage type, the
male-to-female population ratio within an 8 km radius of the crossing, the distance to the nearest
intersection, the total number of passing trains, the total population within an 8 km radius, and
the number of railway tracks at the intersection. Given the positive coefficients of these factors in
the model, an increase in any of them is expected to result in a higher number of accidents at the
crossings. However, an increase in the number of railway tracks at the intersection leads to a

reduction in accidents. The second component, the logistic component, evaluates the probability

of no accidents occurring at a crossing. Factors such as the presence of an alternative route when
the crossing is closed, the male-female population difference within an 8 km radius, and the
average daily road traffic influence this probability. Specifically, an increase in the first two
factors enhances the probability of no accidents, while an increase in road traffic reduces this
probability.

These findings have several important practical applications. First, urban planners and
transportation officials can effectively use this model to identify high-risk crossings and prioritize
safety measures such as improving warning signs, increasing lighting, and installing automatic
protective barriers. Second, integrating detailed population data into rail safety assessments can
lead to more targeted and efficient safety interventions, as population distribution can
significantly affect crash risk. Third, policymakers can implement necessary changes to road
infrastructure to reduce crash risk, such as modifying steep angles at intersections and optimizing
overall traffic flow near crossings. Finally, given the proven effectiveness of alternative routes in
reducing crashes, designing additional lanes for crossings with high traffic volumes can be

considered an effective and sustainable safety strategy.
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Table 1. Characteristics of Variables Related to Crossings Affecting the Model.

. Values .
Variable Min ) Mean Max Explanations
Number of railway lines 1 0.7514385 1.348837 4 The number of rail lines present in the Crossing
The number of passing trains at night 1 9.367832 7.95 41 The number of trains passing from 6 PM to 6 AM
The number ngj?;mg trains during 1 6532002 63751 31 The number of trains passing from 6 AM to 6 PM

The distance of the passage from the
nearest road intersection

Type of road use

ADT 66
In case the passage is blocked, there is
an alternative route for it.

5625.828

Categorized numbers

Categorized numbers
2624.391

Categorized numbers

The distance in kilometers of the passage from the
nearest road intersection
Type of use and functionality of the road ( O : rural
road, 1 : secondary road, 2 : main road)
47770 Average daily road traffic
It indicates an alternative to the intersection in case it is
not available.
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Table 2. Characteristics of Demographic Variables Used in the Model

Variable Minimum Mean S.D Median  Maximum Explanations
) The total population is 5 miles from
Total population 0 106308.5 202608.1 17779 1173517 the crossing
population to The ratio of the male 0 0672626 0.825841 0.995372  10.09529 population to The ratio of the male
the female population the female population
The difference between the male The difference in the population of
female population and the -8443  2546.759 9018.567 0 116065 . pop
. population of women men from the
population
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Fig. 2. Visual Test on the Distribution of Accident Data
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Table 3. Log-Likelihood Test.

Comparison of Alternative Distributions

Distribution Est. Parameters  Log Likelihood
Zero-Inflated Poisson 2 -222.85
Poisson 1 -233.589
Negative Binomial 2 -9.99E+11
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E(u) = Exp(—1.75692212998667 + 0.399693403929521 * S1 + 1.14223671644244 * S2 (10)

+ 0.368292176186057 * S3 + 0.0257167122783253 * S4 — 0.667965609694737 * S5
+ 1.19036202206851E — 06 * S6)

E(u) = Exp(—1.9928790363313 — 0.000727703428784855 * S7 + 3.44128173088546 * S8 11)
+ 0.000225603481089144 * S9)
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Table. 4. Results of Fitting the Zero-Inflated Poisson Model on
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Log-Likelihood -145.3738

AIC 312.7477 et ol sdalie 1B (F) Jotr 3 Ol 5les laees

alaly ol e 5SS sl Jde goluesly Jol> CL:,

St il 55 e pize gl Jbe (g5lwesly 51 Jol ol O Jga=
Table. 5. Results of Model Implementation for Variables in the Logistic Regression Component

Parameter Regression Coefficien Standard Error Z-Statistic Two-side P-value

Logistic Regression Model

Intercept -1.992879 1.336677 1.49092- 0.1359825
S7 -0.0007277 0.00037367 1.957468- 0.05
S8 3.441282 1.618048 2.12681 0.0334
S9 0.0002256 0.000117 1.9583 0.05
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Table 6. Results of Model Implementation for Variables in the Poisson Component

Parameter Regression Coefficien Standard Error Z-Statistic Two-side P-value
Poisson Regression Model
Intercept -1.756922 0.4248444 -4.14E+00 3.54E-05
S1 0.3996934 0.1599273 2.499219 0.0124468
S2 1.142237 0.2707416 4.218917 2.45E-05
S3 0.3682922 1.38E-01 2.661102 0.0077885
S4 0.0257167 0.0129264 1.989478 0.0466484
S5 0.6679656- 0.2893587 2.308434- 0.020975
S6 1.90E-06 4.89E-07 2.432842 0.0149808
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Table 7. Results of Model Validation Tests

Model Variance Equality Test Mean Equality Test
F P-value Result T P-Value Result
Zero-Inflated Poisson 1752  0.0417 The hypothe§|s o_f variance equality 08268 0.41096 The hypothesis of mean equality is
is rejected not rejected.
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Table 8. Comparison of the Present Study with Mohseni et al.'s Study

Present Study Previous Study

Years of Data
Methodology
Total Population
Crossing Location
Average Vehicle Traffic
Road Pavement Type
Number of Railway Tracks
Male-to-Female Population Ratio
Total Number of Trains
Road Usage Type
Passing Train Speed

Distance from Crossing to Nearest Intersection
Male Population Difference from Female Population
Alternative Route Available if Crossing is Closed

AIC
Log-Lokelihood

91-401 88-93
ZIP NB
v
v
v v
v
v
v
v
v
v
v
v
v
312.7 314.2
-145.3 -149.1

il San oS ol Sloslas 2531 edasOLES gl yr ko
a8 Sliss L s aiib b e o808 51 01,8 ABTG «
[38,39] 5,05 il shas

et L (b 5 dlgy sl ¢ gamma) Hllad IS sl
sl e ﬁ.,l_? ediaasOlis 5 ol Slabas Je 53 ke
515 Sleseen 4 id8 gl s L aS ol Clslas
sUdad slaas Sul58l el s« [1, 3, 5, 11, 15, 18, 40, 41]
L1 555 0 03l Glapnile Lyl 4l e Olsee 1l 81 2ol

Ol O gl gn alslre 55 ooy o b JATe\) b gl sluas
OF Jds i oo Slisla [2alS Esl bl 21530 das e
L oo (Ko 5 O 3 b pite ol St (St
OlulS ce pwv alS 5 s Auldl a4 e oS sl e
3,1 Glsseen La fagsy Ll @L’ Loasl cpl 55d o0 03l
[14,11]

adaly s Cte o L olSLAS (e kS A L3 IS Coner
5l G s, L Slslay )58l eias Ol ¢ S gl
18] ol ot Al Ol Lo 5 4l ol

L1308 03 s S g 53 Sl 3y e
o=l oem b aars by cnl b dde o e g0
SO Sl bzt 5Kl 325 oS S5 S wonS Ol e eikie

Y

SRR g

Cte ol odealal ho Ol e 2\ e G0
b (el & ol Slislial 3la y e oiis 30 sdtias OLS
555 o808 53 Slislas Jilpl Comse suite Sl &S
Sl

e Jde a0 e oyl Y e b G
ol s e G&,is sl 3 gmg) o Jll A58l
S ok o ite Ay SO 8l B 015 e O Uge
Lo ys o dlasOLES A (J g b sl 53 5, S s | Olislas
[8] el jie s 2 B 5 Slislay & o0

A =100+ (Exp(B*1) — 1) (14)

(Sl sl s eslr 2 8 el S L
o) alie a5 b sls Slslad slad (558 s 3G
oo ol slaesls s wlslas - wiy (V) Jgdr 5 e
11, 3] sl Slseen O Kiasn S0s LS das

adales 5o Cde o o L 0L 4 Ols s e S
S 2 oot ek 5 Ol glaanl b S ol ol Jsul sy
Sls Glesean (oslp 3 OS5 4 Ol e s (6 1 Y
[37,2]

2 St o b sloslr wblE 505 o8 ,08 Aol



OKed 9 (ouus (o S

Ogwlgy Jo 3l 5S040 b 03l- oy gebawed saolS )35 55 Sbolas slaws i i

ADT

POPULATION
TRAINS

THE RATIO
OF THE MALE I 3%
POPULATIO...
0.00%
OF PASSING | 2.60%
THE
DIFFERENCE @ 0.02%
BETWEEN...

THE NUMBER
-0.07%

Sbslay sl 53 dly SO aalsdl sl oite i Ao ¥ IS
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