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Abstract
Objective: This study delivers a survival analysis of persons involved in road accidents in National Capital Region. Methods/
Analysis: The data were obtained from the Metropolitan Manila Development Authority (MMDA) through Metro Manila 
Accident Recording and Analysis System (MMARAS) program from January 2012 - June 2017 with respect to time t (day 
of the accident), and covariates age, gender, weather, time period, location, accident factor, vehicle, junction type, junction 
control, collision type, and the death of a person involved in a road accident, under Cox Regression and Kaplan-Meier 
Estimates. Findings: Through the study, the researchers found out that out of 42,877 persons involved, only 962 persons 
or 2.24% died, and most of the people counted in are male which implies that men have greater risk of death than women. 
The probability risk was given the equation , where  is the survival function,  is the cumulative hazard function which was 
determined with use of Cox Regression. Application/Improvements: For the government, this research can be used to 
monitor road accidents and can be a basis on planning seminars for the drivers related to road safety. For the citizens, this 
can be utilized to give awareness on several events related to road accidents. This study will be more useful if the available 
data would be more updated, and for each accident, all details will be recorded.

1. Introduction
In 2017, the World Health Organization (WHO)1 men-
tioned that in a year, greater than 1.25 million die around 
the globe because of road accidents and without any 
action to this, road accidents could become the sev-
enth leading reason of death by 2030. In the same year, 
the Philippine Star cited Philippine Statistics Authority 
(PSA)’s data which showed that 34 Filipinos are dying 
every day in road accidents2 even though there are a lot 
of road safety national laws enacted in the country such 
as Car Seatbelts (RA 8750)3, Motorcycle Helmets (RA 
10054)4, Speed Limit (RA 4136)5, the Anti-Drunk and 

Drugged Driving (RA 10586)6, and the most recent, the 
Anti-Distracted Driving Law (RA 10913)7.

A road accident refers to any action involving at least 
one road vehicle, occurring on a road open to public, and 
in which at least one person is injured or killed. Acts with 
the intention of murder, suicide, operational disasters are 
excluded. This kind of accident becomes a casual thing in 
the everyday lives of the people wherein it is in the news 
on the television, radio, and in the social media. Due to 
that, most of them neglect this and disregards the risks 
involved in their driving and due to that, accident occurs.

Based on the data collated by the Metropolitan Manila 
Development Authority (MMDA) for the National Capital 
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Region, through its Metro Manila Accident Recording 
and Analysis System (MMARAS) program8, the number 
of vehicular accidents rose in 2016 by 13,707 to 109,322 
from the 95,615 the previous year where 16,416 were 
injured and worst, 426 people died in road accidents. 
It can be grasped that as the years pass, the number of 
vehicular accidents increases.

According to formerly known Department of 
Transportation and Communications (DOTC)9 now 
Department of Transportation (DOT), there is a rise of 
14.6% to the number of deaths due to road accidents 
each year where 79% is caused by driver’s error, and 11% 
because of defective vehicle condition.

However, this increase stated in the number of acci-
dents is not valid to generalize about the state of the road 
accidents. Thus, we need to study these data statistically. In 
this study, the researchers consider road accidents and its 
impact on human lives and properties in the Philippines’ 
National Capital Region.

The National Capital Region (NCR) is composed of 
17 local government units (LGUs) of 16 cities: Caloocan, 
Malabon, Navotas, Valenzuela, Quezon City, Marikina, 
Pasig, Taguig, Makati, Manila, Mandaluyong, San Juan, 
Pasay, Paranaque, Las Pinas and Muntinlupa, and one 
municipality: Pateros. Each LGU in Metro Manila is headed 
by a Mayor. According to Philippine Statistics Authority 
(PSA) under its Census of Population10, the total popula-
tion of the region as of August 1, 2015 was 12.89 million 
with a growing rate of 1.78% in the period 2010-2015. Also, 
12.8% of the population is in Metro Manila.

Some researchers have modeled several types of math-
ematical models about road accidents worldwide: the 
vehicle type involved in Metro Manila11 severity and dura-
tion of a road accident in Shanghai12, and survival of a 
person in a road accident in Ghana13 but we cannot apply 
some of these models in the Philippines because of the 
difference in the factors of their respective countries that 
are not applicable to the country. Few researchers attempt 
to have statistical research about road accidents in the 
Philippines due to limited information available about it. 
One is the article entitled “A Logistic Regression Analysis 
on the Influence of Accident Factors on the Fatalities of 
Road Accidents in Metro Manila”, where a total of 29,409 
accidents were studied after tallying all the accidents 
with the complete information on all the considered fac-
tors such as age, gender, junction type, weather, location, 
time and vehicle type are the independent variables. The 
model formulated in this study shows the relationship 

of the dependent variable and the significant factors in 
terms of odds-ratio concept. The findings show that all 
the independent variables except for age are statistically 
significant in the accident fatality of road accidents from 
2006 to 201614.

The Metropolitan Manila Development Authority 
(MMDA) for the National Capital Region, through its 
Metro Manila Accident Recording and Analysis System 
(MMARAS) program has been releasing reports on the 
statistics on road accidents in the past years. In these 
reports, these factors include to possible contributors of 
the death of persons involved in road accidents. These fac-
tors include age, gender, time period of accident, location, 
type of vehicle, junction type, junction control, weather, 
and collision type. However, even though there are factors 
identified by the agency, nobody has modeled the death 
and survival of the persons involved, and the probability 
that the person will die and survive a road accident with 
the given factors.

1.1 Research Paradigm
The researchers used the Input-Process-Output model, 
a functional graph that determines the inputs, processes 
required and the outputs15. It serves as a guide in ana-
lyzing the survival analysis of the persons involved in 
vehicular accidents in National Capital Region.

Figure 1. Research Paradigm.

The researchers input the data of the persons having 
the said factors, used two main processes: Kaplan-Meier 
Estimates, and Cox Regression. The survival functions 
for the persons involved in road accidents, the probabil-
ity risks, the survival functions and the hazard functions 
of persons involved in road accidents with the factors are 
outputs that are expected.
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1.2 Statement of the Problem
To achieve the objective of the study, the researchers need 
to answer the following questions:
•	 What is the risk profile of the persons involved in 

terms of:
•	 Age;
•	 Gender;
•	 Time period;
•	 Location;
•	 Type of vehicle;
•	 Accident factor;
•	 Junction type;
•	 Weather;
•	 Collision type; and
•	 Junction control?

•	 What are the survival functions of persons involved 
in road accidents according to gender with respect 
to the groups in:
•	 Time period;
•	 Location;
•	 Type of vehicle;
•	 Accident factor;
•	 Junction type;
•	 Weather;
•	 Collision type; and
•	 Junction control?

•	 What is the hazard function of persons involved in 
road accidents with respect to the covariates?

•	 What are the probability risks of death of persons 
involved in road accidents based on the covariates?

1.3 Scope and Limitations
A total of 42,877 observations and ten variables were used 
in this research, wherein the vehicular accidents happened 
in NCR from January 2012 to June 2017 with the follow-
ing factors: age, gender, time period of accident: ante 
meridiem (A.M.) or post meridiem (P.M.), location which 
is divided into districts: Central District - Quezon City, 
Eastern District - Mandaluyong, Marikina, San Juan, and 
Pasig, Northern District - Caloocan, Malabon, Navotas, 
and Valenzuela, Western District - Manila; Southern - Las 
Pinas, Makati, Muntinlupa, Paranaque, Pasay, Pateros, 
and Taguig, type of vehicle: bike, motor, tricycle, fx or taxi, 
bus, van, truck, and unknown vehicle (unidentified vehi-
cles), accident factor: human error, vehicle defect, others 
(slippery roads, run over a stone, road defect, etc.) or 
none, junction type: K-junction, T-junction, Y-junction, 

Rotunda, U-turn slot, cross roads, others (bridge, parking 
area, tunnel, underpass, etc.) or not at junction, junction 
control: traffic lights, school zone or none, weather: rain 
or fair, and collision type: angle impact, head on, rear-end, 
side swipe, self-accident, hit and run, hit object, hit parked 
vehicle, hit pedestrian, multiple collision, others (combi-
nation of two or more types of collision type) or none. 
The data needed for this study were obtained from Metro 
Manila Development Authority-Metro Manila Accident 
Recording and Analysis System (MMDA-MMARAS).

2. Method
This section includes the description of the data gathered, 
statistical treatments or methods used in this study in 
order to attain the main purpose of this paper.

2.1 Data Gathering Procedure
In this study, all of the data were obtained from the Metro 
Manila Development Authority through its program, 
Metro Manila Accident Recording and Analysis System 
(MMARAS). The researchers sent a formal letter of 
request to their good office on August 9, 2017. It was also 
stated in the letter that the data will be used in the study 
confidentially. The data was verified also.

2.2 Kaplan-Meier Estimation
The Kaplan-Meier Estimation is a non-parametric survival 
analysis tool utilized to approximate the two survival prob-
abilities curves that deals with different times of survival 
particularly when some of the subjects do not continue in 
the study. The following are the assumptions of Kaplan-
Meier Estimation: all subjects are results of random 
sampling from the population which means they are inde-
pendent; the individuals which are censored have the same 
view of survival like those who continue in the study; this 
observations are cannot be examined and may make way 
to partiality that reduces S artificially; the Kaplan-Meier 
survival estimate has a sense that at each unique time of 
survival, the step function changes except during the times 
of censoring (unless a time of survival occurs together with 
the time of censoring); and the examined event happens at 
a time which is precise. The late listing of the event exam-
ined usually cause false inflation of S16,17.
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2.3 Cox Regression
Cox regression is a non-parametric tool used for examin-
ing the possible effects of different variables during the 
time a specified event occur. The general hazard function 
is defined by a baseline hazard function scaled by another 
function which is the model’s (time-independent) covari-
ates. In terms of the hazard model formula, it is written as

( ) ( ) 1
0,

n

i i
i

X

H t X h t e
β

=
∑

 =   .

One of the significant features of this formula which 
is related to the assumption of the proportional haz-
ards is that the baseline hazard is a function of t, but X 
is excluded. On the other hand, the shown exponential 
expression includes the X’s, but t is excluded. The X’s here 
are called time-independent X’s, and β’s are the coeffi-
cients of the covariates15.

2.4 Probability Risks
The risk of dying in a road accident is given by

( ) ( ),, 1 H t XR X Death e−= −

where ( ),H t Xe−  is the survival function with respect to 
its cumulative hazard function ( ),H t X , given by Cox 
Regression16-17.

3. Results and Discussions

3.1 Risk Profile of Persons Involved in Road 
Accidents in National Capital Region
The risk profile of 42,877 persons involved in road acci-
dents in National Capital Region. Out of this number, 
only 962 persons (2.24%) led to death.

As for the gender, majority of the persons involved in 
these vehicular accidents are male, which is about 77.71% 
or 32,573 of the survivors and 88.77% or 854 of those 
instances that died. Moreover, female persons involved 
were only limited to 22.29% of those who survived and 
11.23% of those who died. It can be implied that male 
drivers and passengers were more prone to accident than 
female due to the fact that most of the drivers were male. 

According to age, notice that the ages from 20 to 29 
years old were more prone to road accidents. This is almost 

similar to the report of Philippine Statistics Authority 
(PSA) cited in Rappler18 where the most frequent victims 
of road crashes between 2006 and 2015 in the Philippines 
are those who belong the age group of 20-24 years old. 
On the other hand, the age brackets with less number of 
involvements of persons in vehicular accidents were the 
following: 0 to 9, 70 to 79, 80 to 89, and 90 to 99 years old, 
therefore this age brackets tends to be less likely prone to 
vehicular accidents. These findings on age can be attrib-
uted to the experience and the maturity that older drivers 
have in comparison to the younger drivers19.

In time periods, 54% of the persons who survived 
were in PM, and having almost the same percentage of 
the persons who died was in AM.

Regarding the location, Central District, which 
involves Quezon City, had the greatest number of acci-
dents within Metro Manila, comprising 35% of the 
overall number of road accidents, followed by the 
Southern District having 31.60% and 28.17% in those 
who survive and those who do not. In an article entitled 
“Mathematical Modelling of Road Accidents in Metro 
Manila11”, it is also stated there that Quezon City is the 
place where accidents occur mostly due to its biggest land 
area among the cities in Metro Manila.

On the type of vehicle, it can be seen that almost 70% 
of the persons involved are using motorcycle which sup-
ports the fact that this type of vehicle is one of the major 
reasons of accidents and deaths worldwide specifically in 
Brazil20,21, Ghana22, in United States23, and in Europe24.

For the accident factor, majority of the events have no 
recorded accident factor, followed by the human error. 
On the other hand, others and vehicle defect had only a 
small portion of the accidents. In junction types, most of 
the time, the accidents happened not in junction or in 
an intersection, while the other junction types such as 
cross roads, K-junction, T-junction, Y-junction, U-turn 
slot and rotundas have only small numbers of accidents. 
With regards to weather, it can be observed that almost 
99% of the time, the accidents happen in a fair weather 
and the remaining 1% is what the rain weather covers in 
the number of accidents. It can also be noticed that not 
having collision has the greatest number of cases covering 
47% and 40% respectively to the cases of death and alive 
in road accidents. Lastly, accidents that have no junction 
control have the greatest percentage of the accidents hap-
pened garnering 97%.
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Table 1. Risk Profile of Persons Involved in Road 
Accidents in National Capital Region

 

3.2 Survival Functions of Persons Involved 
in Road Accidents According to Gender with 
Respect to the Groups to each Covariate 
using Kaplan-Meier Estimates

3.2.1 Time Period
Figure 1 and 2 shows the survival functions of persons 
involved in road accidents according to gender with 
respect to time period. It can be seen that both male and 
female have high survival rates. For long-time obser-
vation, it shows that women have the higher survival 
chances than male during AM but on the other hand, they 
have the lower survival chances during PM.

Figure 2. Survival Functions according to Gender Groups 
with Respect to Time Period.

Figure 3. Survival Functions according to Gender Groups 
with Respect to Location.
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3.2.2 Location
As shown in Figure 3, both male and female have high 
survival chances when involved in vehicular accident with 
respect to its location. Also, it can be seen that as a road acci-
dent occurs at Eastern, Northern, Southern, and Western 
Districts, women have high survival chances than men. 
However, the survival chances of females decreased on the 
latter part of the observation period in Northern District, 
implying that males can survive higher than females if the 
vehicular accident happens in Northern District.

Figure 4. Survival Functions according to Gender Groups 
with Respect to Type of Vehicle.

3.2.3 Type of Vehicle
Figure 4 exhibits the survival function of persons according 
to their gender with respect to the type of vehicle involved 
in the accident. Upon utilizing the data gathered within the 

study’s time frame, it shows that females have high survival 
chances than males if the vehicle involved in the accident is 
bike, motorcycle, tricycle, car, fx or taxi, bus, van, or truck. 
Conversely, if the vehicle involved in the accident is jeepney, 
it shows that during the last days of the study period, 
the probability of women surviving a vehicular accident 
dropped lower than men. Hence, males can survive higher 
than females if the vehicle involved in the accident is jeepney.

Figure 5. Survival Functions according to Gender Groups 
with Respect to Accident Factor.

3.2.4 Accident Factor
The Figure 5 shows the survival functions of persons 
according to their gender with respect to the accident 
factor of the vehicular accidents. The different accident 
factors that were used in the study are human error, vehi-
cle defect, other accident factors such as slippery road, 
running over a piece of stone, losing of balance in driv-
ing, and passing thru red light. Though both genders have 
high chances of surviving the accident despite of the dif-
ferent accident factors, it shows that females have higher 
survival chances than males.

3.2.5 Junction Type
Figure 6 shows the survival functions of persons involved 
in road accidents with respect to the junction type present 
in the accidents. Both male and female have high survival 
chances whenever the accident happens not at junction, 
cross roads, T-junction, U-turn, rotunda, and others such 
as bridge or flyover, railroad track, parking area, tunnel 
or underpass. On the other side, men have lower sur-
vival chances than of women. At Y-junction, there are no 
records of death in a vehicular accident involving females. 
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But it can be shown in the figure above that male still has 
above 50% survival chances if a vehicular accident occurs 
at a Y-junction.

Figure 6. Survival Functions according to Gender Groups 
with Respect to Junction Type.

Figure 7. Survival Functions according to Gender Groups 
with Respect to Weather.

3.2.6 Weather
Figure 7 displays the survival functions of persons 
involved in accident according to their gender with 
respect to weather. Weather in this study was classified 
either fair or rain. Both male and female have high sur-
vival chances whatever the weather is. However, whether 

the road accident happens during a fair or rainy weather, 
it shows that women have higher survival chances than 
men.

Figure 8. Survival Functions according to Gender Groups 
with Respect to Collision Type.

3.2.7 Collision Type
Figure 8 indicates the survival functions of persons 
according to their gender and the collision type happened 
in each accident. It shows that even if there is either a col-
lision happened such as head-on, rear-end, side-swipe, 
hit and run, hit parked vehicle, multiple collision, and 
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self-accident or not, females have higher survival chances 
than males. If there is an object or pedestrian that was 
hit, or other collision types, it shows that men have high 
survival chances than women, but if the collision type 
occurred was an angle impact, there is an almost equal 
survival chances for both genders.

Figure 9. Survival Functions according to Gender Groups 
with Respect to Junction Control.

3.2.8 Junction Control
The Figure 9 demonstrates the survival functions of per-
sons according to their gender with respect to the junction 
control involved in each vehicular accident. Both genders 
have high chances of survival whether there is a junction 
control or none. Upon comparing the survival chances 
of males and females, it shows that the former has better 
survival chances than the latter.

3.3 Hazard Function of Persons Involved 
in Road Accidents with Respect to the 
Covariates under Cox Regression
The researchers wanted to formulate a mathematical 
model that can estimate the risk of a person to die on a 
road accident in National Capital Region, and through 
Cox Regression, the hazard function has been obtained 
and written as:

( ) ( )1 2 30.0065 0.704 0.008 0.757, 0.00002795 t x x xH t X e + += �

( )4 5 6 7 8 90.210 1.147 1.355 0.958 1.327 0.121x x x x x xe − − − − − + �
( )10 11 12 13 14 150.173 1.284 0.837 0.885 0.982 1.046x x x x x xe + + − − − − �
( )16 17 18 19 20 210.908 1.630 1.090 0.354 0.360 0.112x x x x x xe − − − − − − �
( )22 23 24 25 26 278.170 0.401 1.429 0.352 0.916 0.066x x x x x xe − + + − − + �
( )28 29 30 31 32 330.126 8.611 0.402 0.524 0.550 0.605x x x x x xe − − + − − �
( )34 35 36 37 38 390.944 0.045 1.378 0.135 0.620 0.010x x x x x xe + − + − + + �

( )401.107 xe

where t  is the time the accident happened from 

January 1, 2012 to June 30, 2017 and  x  are the covariates: 

1x  is the weather, 2x  is the age of the persons involved in 

road accidents, 3x  is the gender, 4x  is the time period, 

5x  is Central District, 6x  is Eastern District, 7x  is 

Northern District, 8x  is Southern District, 9x  is human 

error, 10x  is vehicle defect, 11x  is others, 12x  is bike, 13x  

is motorcycle, 14x  is tricycle, 15x  is car, 16x  is jeep, 17x  

is FX or taxi, 18x  is bus, 19x  is van, 20x  is truck, 21x  

is cross roads, 22x  is K-junction, 23x  is T-junction, 24x
.  is Y-junction, 25x  is U-turn slot, 26x  is rotunda, 27x  

is other junction type, 28x  is traffic lights, 29x  is school 

zone, 30x  is angle impact, 31x  is head on, 32x  is rear-

end, 33x  is side-swipe, 34x  is self-accident, 35x  is hit and 

run, 36x  is hit object, 37x  is hit parked vehicle, 38x  is 

hit pedestrian, 39x  is multiple collision, and 40x  refers to 

other collision type.

3.4 Probability Risks of Persons Involved in 
Road Accidents that Lead to Death Based on 
the Covariates
The probability risk of death of a person involved 
in a road accident is determined by the model 

( ) ( ),, 1 H t XR X Death e−= − , where ( ),H t Xe−  is the 

probability of survival in terms of a cumulative hazard 
rate function, came from Cox Proportional Hazard Rate 
Model and through appendices, it can be verified.

Through substitution of the Cox Proportional Hazard 
Rate Function into the model, the probability risk func-
tion is written as:

( ) 0.0065 0.704 0.0081 20.00002795, 1 (
t x xeR x Death e
+ +−= − �

0.757 0.210 1.147 1.355 0.958 1.327 0.1213 4 5 6 7 8 9x x x x x x xee
− − − − − +

�
0.173 1.284 0.837 0.885 0.982 1.04610 11 12 13 14 15x x x x x xee

+ − − − −

�
0.908 1.630 1.090 0.354 0.360 0.11216 17 18 19 20 21x x x x x xee

− − − − − −

�
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8.170 0.401 1.429 0.352 0.916 0.06622 23 24 25 26 27x x x x x xee
− + + − − +

�
0.126 8.611 0.402 0.524 0.550 0.60528 29 30 31 32 33x x x x x xee

+ − − + − −

�
0.944 0.045 1.378 0.135 0.620 0.01034 35 36 37 38 39x x x x x xee

+ − + − + +

�
1.107 40 )

xee
+
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x
if in K junction

−
=  −

23

0,    
,

1,   
if not inT junction

x
if inT junction

−
=  −

24

0,    
,

1,   
if not inY junction

x
if inY junction

−
=  −

25

0,     
,

1,    
if not inU turn slot

x
if inU turn slot

−
=  −

26

0,    
,

1,   
if not in rotunda

x
if in rotunda


= 



27

0,  
,

1,      
if not

x
if inother types of junction


= 



28

0,     
,

1,      
if not intraffic lights

x
if it is intraffic lights


= 



29

0,     
,

1,      
if not in school zone

x
if it is in school zone


= 



30

0,    
,

1,   
if not angleimpact

x
if angleimpact


= 


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31

0,    
,

1,   
if not head on

x
if head on


= 



32

0,   
,

1,  
if not rear end

x
if rear end

−
=  −

33

0,   
,

1,  
if not side swipe

x
if side swipe

−
=  −

34

0,   
,

1,  
if not self accident

x
if self accident

−
=  −

35

0,     
,

1,    
if not hit and run

x
if hit and run


= 



36

0,    
,

1,   
if not hit object

x
if hit object


= 



37

0,     
,

1,    
if not hit parked vehicle

x
if hit parked vehicle


= 



38

0,    
,

1,   
if not hit pedestrian

x
if hit pedestrian


= 



39

0,    
,

1,   
if not multiplecollision

x
if multiplecollision


= 



40

0,     
.

1,    
if not other collisiontype

x
if other collisiontype


= 



4. Conclusions
After scrutinizing the data carefully, the researchers con-
clude that most of the persons involved in road accidents 
are male. In addition to that majority of the covariates of 
this study reveals that women have higher chances of sur-
viving a road accident than men. Therefore, it can also 
be said that female involvement in vehicular accidents is 
very little. Also, Kaplan-Meier Estimations showed that 
men have lower survival rates than women. Persons aging 
from 20 to 29 years old were more prone to road acci-
dents than the other age groups which support the World 
Health Organization (WHO)’s Key Facts1 that road traffic 
injury is one of the leading causes of death among people 
between 15-29 years old. People riding motorcycle are 
also prone in road accidents which comprise a big num-
ber of the cases in this study. Overall, a person involved 

in a road accident has a high probability of surviving it 
which is above 50%. Lastly, the developed probability risk 
of death in persons involved in road accidents determined 
by Cox Regression will help the government to create laws 
and have a strong implementation to improve the qual-
ity of the traffic situation that will lessen the chances of 
death furthermore the number of accidents happening in 
National Capital Region.

5. Recommendations
Based on this study, road accidents in National Capital 
Region is alarming due to its growing number. Then it 
is apparent and well perceived that issuance of profes-
sional driver licenses for public and private conveyance 
vehicles must be strictly observe and examined in order 
to realize whether the public safety and road accidents 
diminished or avoided. Mitigating the situations on road 
accidents, researchers recommend the that the drivers 
must undergo rigid seminars on traffic rules and regula-
tions; Psychological and aptitude tests should be given to 
drivers prior to issuance of their licenses; and rules on 
junction and junction control should always be observed. 
In addition, using or referencing to the mathematical 
functions and probability risks generated and presented 
in this study could help government officials and other 
concerned agencies to formulate and implement laws on 
road safety. Future studies of this matter are also recom-
mended.
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