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kilometers without pavement can reach up to 80%. Such a rate is alarming, considering that inter-
nationally the United Nations promotes actions for road security since road accidents are among
the most common causes of death causes in the world. Then, employing data from Sutran, the

Keywords: current research has analyzed how the severity of accidents can affect road administration in Peru

Accidents roads in 2021. Hence, the multinomial logistic regression was employed due to the nature of the
Roads data. It was found that regional routes had a higher risk than national roads when estimating the
National roads probability of having many dead and injured people because of a road accident.

Regional roads
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1. Introduction

One global challenge that must be handled seriously is traffic safety. According to World Health Organization (2018), car
accidents are one of the foremost leading causes of death causes for people from 15 to 29 years old. Moreover, it became the
fifth death cause worldwide. It is stated that the primary causes of traffic accidents include people, cars, roads, the environ-
ment, and interactions between these variables (Pembuain et al., 2019). Therefore, all user safety concerns should be consid-
ered during road design and construction to reduce the likelihood of traffic accidents.

Some variables contributing to traffic accidents include excessively narrow or non-compliant roadways, sharp curves, steep
downhill and uphill grades, surface degradation to the pavement, and unlit roads (Ahmed, 2013). Ironically, the road infra-
structure that is supposed to ensure the users' safety and comfort is the reason for accidents (Cuenca et al., 2018). Conse-
quently, a thorough study should be done to reduce traffic accidents caused by road infrastructure and to understand the effects
of each element that forms road infrastructure on traffic accidents (Jirovsky, 2015)

It is necessary to understand that the road network design impacts crash risk because it affects how drivers view their sur-
roundings (Ahmed, 2013). Then, the road guides drivers on what they should be doing. For instance, a road flaw that causes
a collision directly is one example of a nasty road engineering factor (Cuenca et al., 2018). Another is when a road user is
misled by a road environment feature, leading to human error (Pembuain et al., 2019). The Haddon Matrix is a framework for
connecting the sequence of events in a traffic incident to the categories of crash-contributing elements (Williams, 1999). This
matrix identifies three distinct types of characteristics that affect traffic accidents: human factors, vehicle factors, and road/en-
vironment factors. Road factors are compounded by road elements and the wayside (Williams, 1999). A study in the United
States claimed that 3 percent of road crashes are solely attributable to roadway factors, whereas 34 percent of road crashes are
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caused by a combination of roadway factors and other variables (American Association of State Highway and Transportation,
2011). Another research revealed that 17% of all expressway impacts in the Republic of Korea were caused by environmental
and road-related variables (Ahmed & Vveinhardt, 2018)

Therefore, the United Nations has arranged a global effort through its Global Plan for the Decade of Action for Road Safety
2011-2020 (World Health Organization, 2013). The organization emphasized the requirement to improve the inherent security
and safety of road networks for the benefit of all users of the roads (Rassokha et al., 2021). It can be accomplished by taking
steps such as more cautious road planning, design, construction, and operation to identify dangerous road locations or sections
where excessive numbers or severity of crashes occur and take corrective action as necessary. Also, it is encouraged to develop
new infrastructure that satisfies mobility and access needs with safety standards (World Health Organization, 2013). By com-
pleting and disseminating studies on the commercial case for safer road infrastructure, one of the pillar activities also stresses
research and development in safer roads and mobility (World Health Organization, 2013).

Peru has seen an increase in traffic accidents (Superintendencia de Transporte Terrestre de Personas, 2021). Here, the number
of automobiles rises by 10% per year, and it seems that there is no solution for the accidents tool (Posada, 2018). Additionally,
in the following decades, this tendency appears to double or even treble (Direccion de Seguridad Vial, 2021). It indicates a
substantial need for the country's road system, which has an offer-to-demand imbalance of more than 72 billion dollars (Bon-
ifaz et al., 2020). Therefore, it makes sense that overused roadways would become hazardous for both automobiles and pe-
destrians (Jirovsky, 2015). To determine the potential influence of the inadequate Peruvian road systems on automobile acci-
dents in a country with only 1300 kilometers of motorways, 20 000 kilometers of two-way roads, and more than 140 000
kilometers of unpaved roads, it is essential (Bonifaz et al., 2020).

The Peruvian bureaucracy classifies the Peruvian roads into three: the national road system, the regional system, and the local
(Superintendencia de Transporte Terrestre de Personas, 2022). Data availability on car accidents is focused on national and
regional road systems. Hence, those road systems were taken into consideration. It is essential to mention that the national
road system has about 80% of its kilometers pavemented. However, the regional road system has only 16% of its kilometers
pavemented (Superintendencia de Transporte Terrestre de Personas, 2021). Therefore, is there any link between the road
system on car accidents? This study aims to answer that question.

Consequently, this study employed secondary sources like relevant academic literature and official databases to analyze the
possible relationship between road classification and accidents in Peru. Moreover, this study intends to know the odds of
having an accident on those roads.

2. Literature review

Pembuain et al. (2019) stated that the prevention of road accidents starts with planning, designing, constructing, and improving
the road infrastructure. Moreover, they noted that the government was obliged to ensure road security. Sun et al. (2021)
examined how the different types of roads in a northern Chinese region affected traffic accidents. The study was able to
comprehend the link between the different types of roads in this Chinese province and the number of traffic accidents by using
the road traffic accident dataset for the Guizhou Province from 2009 to 2018. The following are the categories of roads used
in this study: administrative roads, functional roads, public urban roads, and urban expressways. According to the report, the
province's administrative roadways were the riskiest. The geographic features of this region of China may have contributed
to this discovery. Tsubota et al. (2018) aimed to establish the relationship between road pavement and road accidents. This
study points out the importance of good road maintenance, established as a risk factor in the analysis. The pavement condition
was classified according to their age. Here, the period of construction or its total repair was counted. The Poisson regression
model was employed to analyze the collected data. After the analysis, a positive relationship between pavement age and
accident risk and the differences in risks according to road condition was found. Shiomi et al. (2017)investigated the link
between geometric road characteristics and the likelihood of an accident. This study concentrated on urban settings where
crosswalk length and setback distance affect automobile accidents. This study discovered a link between these traits and the
likelihood of a car collision.

The studies above showed that road design was related to the occurrence of accidents. From all the literature reviewed, the
current research will focus on the investigation of Sun et al. (2021) since it aims to establish the possible association between
the political classification of roads and road accidents.

3. Methodology

The current research had as its primary data source Sutran's database. This database had information about the occurrence of
accidents and road classification. As stated before, the Peruvian road security authority -i.e., Sutran- classifies the national
roads into national, regional, and local. The accident classifications were classified according to the effects they had on people.
Then, it was classified as accidents that left wounded people and accidents that occasioned death—the database dating from
2021. Hence, the classification was according to the seriousness of the accident. It started from 0 to 4 as follows: 0 for acci-
dents that did not have any wounded or dead people, 1 for accidents that affected people in the first quantile, 2 for accidents
that were in the second quantile, 3 for accidents that left affected people in the third quartile and 4 for accidents that left
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involved people in the fourth quantile. Since the data were categorical, it was necessary the employment of the Multilogic
model and the usage of the Stata package.

3.1 Multiple logic regression

An extension of binary logistic regression is multiple logistic regression. Its primary distinction is that it permits the dependent
variable to have more than two categories (Schafer, 2006). The probabilities of categorical membership are assessed by this
regression, similar to binary logistic regression (Starkweather & Kay, 2002). Although the normal distribution, linearity, and
homoscedasticity assumptions are not required for this regression, verifying the variables' independence is still essential
(Schafer, 2006). In other words, it forbids any connection between membership decisions made for one category and those
made for another. There are methods for assessing this condition. One approach is using the Hausman method; however,
alternate tests like the Small-Hsiao or McFadden test may also be used (Vijverberg, 2021).

Furthermore, a sizable sample is necessary for this form of regression. Therefore, a critical sample size is required to provide
reliable results. The logistic regression leads to multiple logistic regression (El-Habil, 2012). As a result, the model is
Logit[P(Y = 1)] = a + Byx; + -+ + Brx; whether we let K designate certain predictors for a binary outcome, Y, by x/,
exp (a+P1x1++PrXk

x2,...,xk,. If we give a value for 7 (x), then: m(x) = e — ——
11T T PEAk

In this case, f; shows the impact x; on the logs of Y=1 and at the same time managing other x;. Similarly, exp (8;) arises as
the multiplicative effect of a unit increase in x; while controlling other x;. If the study has n observations with p-regressors
and multiple categories in the qualitative response, adding one logit into a base level is mandatory, while the other needs to
be created around it (Schafer, 2006). Add that to the model; any category can be taken as the base level. Hence, for theoretical
motivations, the k category will represent the base level (El-Habil, 2012). Furthermore, 7; is the observation odd in the Jh
category. To find a relationship between this odd and a set of explanatory variables x4, x, ..., the multiple logistic regression
will be: log [% =ag;+ BrjXi t o+ Bpjxp;. If m is added to the unity, it reduces to: log (nj (xi)) =
exp (@o1+PB1jX1i++BpjXpi)
1+Zf=_11 exp (@o1+B1jX1i++BpjXpi)

Consequently, for j =1, 2, ..., (k-1), the multiple logistic regression obtains the required results.

4. Results

Table 1

Number of cases between road administration and injured quantiles
Road

Injured 1 2 Total

1 1258 59 1317
44.28% 51.30% 44.55%

5 771 28 799
27.14% 24.35% 27.03%

3 382 7 389
13.45% 6.09% 13.16%

4 430 21 451
15.14% 18.26% 15.26%

Total 2841 115 2956
100% 100% 100%

Table 2

Number of cases between road administration and deaths quantiles
ROAD

DEADS 1 2 Total

1 2544 98 2642
89.55% 85.22% 89.38%

4 297 17 314
10.45% 14.78% 10.62%

Total 2841 115 2956
100% 100% 100%

Table 3

Accident probabilities with deaths by road administration

Road administration Margin Standard Error z P>z 95% confidence interval

1 0.10 0.00 1821  0.00%** 0.09 0.11

2 0.15 0.03 4.47 0.04** 0.08 0.21

*** significant at 1%, ** significant at 5%
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Table 4
Accident probabilities with injured people by road administration (quantile 2)

Road administration Margin  Standard Error z P>z 95% confidence interval
1 0.27 0.00%** 32,53 0.00%**  0.26 0.29
2 0.24 0.04** 6.08  0.04** 0.17 0.32

*** significant at 1%, ** significant at 5%

Table 5

Accident probabilities with injured people by road administration (quantile 2)

Road administration Margin  Standard Error z P>z 95% confidence interval
1 0.13 0.01 21.01  0.00%**  0.12 0.15

2 0.06 0.02 2.73 0.01** 0.02 0.10

*** significant at 1%, ** significant at 5%

Table 6

Accident probabilities with injured people by road administration (quantile 4)

Road administration Margin Standard Error z P>z 95% confidence interval
1 0.15 0.01 22.51 0.00%** 0.14 0.16

2 0.18 0.04 5.07 0.00%** 0.11 0.25

*** significant at 1%

Table 1 shows the number of cases registered of accidents and injured people because of them. The column called roads was
classified between national and regional roads assigning them the number 1 and respectively. In the case of wounded people
that these accidents occasioned, that column was classified in quartiles. Therefore, it is seen that most accidents caused injured
people inside the quartile one in both road types. Analogously, quartile three was the one that had the least quantity of acci-
dents. It is essential to clarify that the data shown in Tables 1 and 2 follow Sutran's database and were classified jointly. That
is the reason there are no quantile two and quantile 3 in the deaths caused by accidents in Table 2. Table 2 shows that both
road types had the majority of generated deaths by accidents in quartile one.

Table 3 shows the accident odds with deaths by road administration. In that table it is seen that in regional road type, there is
an increasing risk of 15% percentage points of having an accident with subsequent death. Surprisingly Table 4 shows that
national roads had a higher probability of having a car accident with few injured people than regional roads. The trend is the
same for Table 5 since it found that it was more probable to have an accident with injured people on national streets than in
regional ones. It is necessary to mention that both results focus on the number of injured between quartile two and quartile
three because of car accidents. However, the situation changes for the wounded of quartile fourth, which hosts the highest
cases of injured people, because it is shown that it is riskier to have this kind of accident on regional roads than on a national
one.

5. Discussion

The current analysis classified the severity of accidents by the number of people affected. Hence, the quartiles were employed
to organize them. Recent research found that the most severely injured and deadly accidents are riskier on regional roads than
on national ones. Moreover, accidents that leave wounded people on average are more probable on national roads than on
regional one. It might have a relationship with the roads' security, as Pembuain et al. (2019) claimed. Similarly, the current
research results match the findings of Sun et al. (2021) in China since they concluded that provincial or regional roads were
the riskiest.

As stated before, more than 80% of kilometers of regional roads are not pavemented, which might cause such severity when
accidents happen. Then, it matches the findings of Shiomi et al. (2017) and Tsubota et al. (2018) since they mentioned that
specific road characteristics seem to increase the likelihood of accidents. Here, it is mandatory to note that all the analyzed
regional roads were placed in the Andean and Jungle areas. These areas are by themself difficult because of their geographic
conditions, but the risk is higher due to the lack of safe roads to connect their people.

6. Conclusion

The lack of safe roads makes road connectivity in Peru more difficult. This country has outstanding scenery due to its privi-
leged localization in South America. However, it also made its geography difficult due to the high quantity of mountains,
rivers, and canyons, among other features that causes heterogenous altitudinal zonation in the country. Those factors, added
to the lack of infrastructure in this country, added risks of having deadly and severe road accidents, especially on regional
roads. A similar situation is the Chinese case analyzed by Sun et al. (2021) since China is also a country with many geograph-
ical accidents, making road connectivity harder. It was then somewhat expected that similar results would be found. Conse-
quently, it might be plausible for Peruvian authorities to follow the Chinese policies to reduce such risk on their roads. Alt-
hough it was not found in the literature, a remarkable case of managing the hazardous geography to construct safe roads is
Ecuador and Colombia, Peruvian neighbors.
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The execution of projects to improve the secure road connectivity of the country must be prioritized since it can represent the
difference between staying alive or dying when a road accident happens. Of course, vital education is vital to educate drivers
about safe driving. However, as claimed, it is not enough (Ahmed, 2013). Consequently, all governmental efforts should be
put into improving the road quality of this beautiful but dangerous country.
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