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Approximately 1.3 million people die each year on the world's roads, and

between 20 and 50 million sustain non-fatal injuries. The Global status

report on road safety is the first broad assessment of the road safety

situation in 178 countries, using data drawn from a standardized survey.

The results show that road traffic injuries remain an important public

health problem, particularly for low-income and middle-income countries.

Pedestrians, cyclists and motorcyclists make up almost half of those killed

on the roads, highlighting the need for these road users to be given more

attention in road safety programmes. The results suggest that in many

countries road safety laws need to be made more comprehensive while

enforcement should be strengthened. The Global status report on road

safety results clearly show that significantly more action is needed to

make the world's roads safer.

1.  The problem

2. The model

3. Results

4. Conclusions

Global status report on road safety (1)
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There can no longer be any doubt that the burgeoning traffic accidents

(TA) problem in the world has come of age. In fact, TA are currently the

leading cause of death for those from 15 to 29 years old in almost all

countries of America, and at least the second most important cause of

death in all the rest. Not only does this create a situation of legitimate and

vital concern to public health authorities, but there is also very reason to

believe that this toll of economic losses, injuries, and deaths will continue

to rise.

1.  The problem

2. The model

3. Results

4. Conclusions

Global status report on road safety (2)
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1.  The problem

2. The model

3. Results

4. Conclusions

Global status report on road safety (4)
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Mexico status on traffic accidents (1)

In Mexico are two sources of information: the official one which come from

the National Institute of Geography, Statistics and Informatics (INEGI) and

others more realistic as the National Council on Accidents Prevention

(CONAPRA) or the Mexican Association of Insurance Institutions (AMIS).

Obviously, sometimes the data appear with deep differences but all are

consistent in at least one way: this is a big problem. Each year die more

than 24,000 and it doesn’t look to stop increasing. A few countries have had

reduced its statistics in recently years but how did they do that? Of course,

the most of governments are very interested in gaining a deeper and more

technical view of how to manage this kind of risks or at least, how to

analyze them.

1.  The problem

2. The model

3. Results

4. Conclusions
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Mexico status on traffic accidents (2)

1.  The problem

2. The model

3. Results

4. Conclusions

Elaborated by the Observatorio Nacional de lesiones, CENAPRA 2010.
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Mexico status on traffic accidents (3)

1.  The problem

2. The model

3. Results

4. Conclusions

Elaborated by the Observatorio Nacional de lesiones, CENAPRA 2010.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, before 2000

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2000

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2001

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2002

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2003

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2004

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2005

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2006

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, 2007

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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The model (1)

1.  The problem

2. The model

3. Results

4. Conclusions

Mexico, before 2020

Aspects considered: Frequency, Severity and Age.

A generalized hypothesis is that the frequency and severity have changed

but in what way can we state that?

?
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The model (2)

1.  The problem

2. The model

3. Results

4. Conclusions

Not Reject Null 

Hypothesis (H0)

Reject Null Hypothesis 

(H0)
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In this work a semi-Markov reliability stochastic model is proposed as a useful tool for

predicting the evolution of the traffic accidents (TA) and the probability of be involved

in one by each group of age. This model, when compared to the most common

statistical data analyses, has the following advantages:

i) not only is the randomness in the different states in which the population can evolve

into considered, but also the randomness of the age attained at the moment of the event;

ii) all the states are interrelated, therefore any improvements are also considered;

iii) a large number of states can be considered;

iv) fewer and less rigid working hypotheses are needed.

A detailed theoretical analysis of semi-Markov processes was produced in Howard [3,

4]. Since then, they have been applied in a number of scientific fields including:

engineering applications (systems reliability) [3–6], finance [7], insurance, actuarial

and demographic sciences [6, 8, 9]. Semi-Markov models have also been employed in

the field of biomedicine, for example, in applications to prevent, screen, and design

cancer prevention trials, in Davidov [10], and Davidov and Zelen [11], respectively.

The model (3)

1.  The problem

2. The model

3. Results

4. Conclusions
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We search and analyze the daily

data for each state of Mexico from

2000 to 2007.

As time series, this phenomenon

has rich properties to be modeled as

an stochastic process then we had a

multivariate time series or an

spatio-temporal series.

The model (4)

1.  The problem

2. The model

3. Results

4. Conclusions
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Theoretical support

The model (5)

1.  The problem

2. The model

3. Results

4. Conclusions
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The model (6)

1.  The problem

2. The model

3. Results

4. Conclusions

Theoretical support
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2007 

2006 

2005 

2004 

2003 

2002

2001

2000 

What is common in each state? 

What is the difference among years?

The model (7)

1.  The problem

2. The model

3. Results

4. Conclusions
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H0: Both, frequency and 

severity have not 

changed

H1: Both, frequency and 

severity, have changed

Not Reject Null 

Hypothesis (H0)

Reject Null Hypothesis 

(H0)

Both have increased!

If for any state or region we say something  like:

we are controlling this problem, at national level, our state (region) is 

ranking in the same place…

First result (1)

1.  The problem

2. The model

3. Results

4. Conclusions
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not really…at least not the spatial distribution…

1.  The problem

2. The model

3. Results

4. Conclusions

First result (2)
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Not Reject Null 

Hypothesis (H0)

Reject Null Hypothesis 

(H0)

If we say something  like:

The things are going better, the rate of fatal TA are decreasing…

In fact, there are 

more deaths every 

year!

H1: The severity is 

increasing

H0: The severity is equal 

or decreasing

Second result (1)

1.  The problem

2. The model

3. Results

4. Conclusions
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1.  The problem

2. The model

3. Results

4. Conclusions

Second result (2)
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y = 1.9339x + 890.84

R² = 0.72646
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y = -8E-06x + 0.0017

R² = 7E-12
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We use the transformation to Xt=Yt-E(Yt) under trend of linear model.

1.  The problem

2. The model

3. Results

4. Conclusions

Second result (3)
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Not Reject Null 

Hypothesis (H0)

Reject Null Hypothesis 

(H0)

If we say something  like:

Is a national problem and the magnitude is the same in all the states…

There are a few 

states doing better!

H1: All the states have 

the same problem

H0: All the states have 

the same magnitude

1.  The problem

2. The model

3. Results

4. Conclusions

Third result (1)
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1.  The problem

2. The model

3. Results

4. Conclusions

Third result (2)
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1.  The problem

2. The model

3. Results

4. Conclusions
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Third result (3)
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The most of involved 

people is between 15 

and 29 years old!

Not Reject Null 

Hypothesis (H0)

Reject Null Hypothesis 

(H0)

If we say something  like:

This problem is the same for young and old people…

H1: The severity is not 

the same for all ages

H0: The severity is the 

same for all ages

Fourth result (1)

1.  The problem

2. The model

3. Results

4. Conclusions
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1.  The problem

2. The model

3. Results

4. Conclusions

Fourth result (2)
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The time elapsed from new born until the TA occurrence is estimated by the 

age at death. Then we can establish a “vulnerable cohort” according with the 

estimations of vulnerability and crude rates (Harvey Sánchez and Luis Chias, 

2008). This is not an extrapolation is a reconstruction.

t

1.  The problem

2. The model

3. Results

4. Conclusions

Fourth result (3)
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And it looks like reality?...it does…

Plot of T_07
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1.  The problem

2. The model

3. Results

4. Conclusions

Fourth result (4)
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Not Reject Null 

Hypothesis (H0)

Reject Null Hypothesis 

(H0)

If we say something  like:

The things could not be worse…

H1: We are not in the 

worst situation

H0: We are in the worst 

situation

1.  The problem

2. The model

3. Results

4. Conclusions

Fifth result (1)

The TA are 

increasing all the 

time, the groups most 

affected are 15-29, 

specially the women!
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SnapStat: Automatic Forecasting

Data variable: TOTAL

RMSE=65.8378  MAE=47.27  MAPE=3.64%
ME=10.07  MPE=0.63%
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 4/58           1427.65 1284.73 1570.58
 5/58           1309.39 1166.32 1452.47
 6/58           1501.41 1355.96 1646.86
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1.  The problem

2. The model

3. Results

4. Conclusions

Fifth result (2)
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Probabilities estimation

There is a positive correlation between annual

series and age distribution.

There is a statistically significant relationship

between the variables at the 99% confidence

level.

(Harvey Sánchez and Luis Chias, 2008).

1.  The problem

2. The model

3. Results

4. Conclusions

Fifth result (3)
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Total TA, Mexico, series 2000-2007. Forecast until 2014

The forecast model to the time series is

TA(t) = -14.16+0.62*TA(t-1)-0.49*TA (t-2)+1.32*TA (t-3)-0.23*TA (t-4)-0.18*TA (t-5)

1.  The problem

2. The model

3. Results

4. Conclusions

Final results

Among others bad things, we will experience more frequency of TA and, if 

we do nothing, the severity will increase until uncontrollable levels. In this 

sense, the WHO’s expectative are going to be optimistic.
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Among others bad things, we will experience more frequency of TA and, if 

we do nothing, the severity will increase until uncontrollable levels. In this 

sense, the WHO’s expectative are going to be optimistic.

1.  The problem

2. The model

3. Results

4. Conclusions

Final results

Well, as we will see, in Mexico the things are ugly but there is strong

evidence that if we do nothing it can be worse in the future.
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Conclusions (1)

1.  The problem

2. The model

3. Results

4. Conclusions

With this kind of models we can compare actions

and politics in the frame of WHO’s directions

with theoretical basis.

The stochastic framework allows us to try with

the accuracy of data, a big deal at this moment.

By this way, we can catch up the dynamic aspects

of the phenomenon and propose several sceneries

and simulate the evolution of the frequency and

severity.

It seems to work because we can obtain the real

data through the model with high level of

significance.

If it can tell us something about future, this is not

a beautiful one. The groups of people between 15

and 29 years old are going to be the most

impacted with this problem.

Forecast  of deaths by a TA to 2020 

per age groups.
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1.  The problem

2. The model

3. Results

4. Conclusions

In Mexico, the next decade:

•More than 2 million people will be involved in an

TA.

•At least 250,000 are going to die by a TA, more

than 70,000 will be pedestrians.

•The young people will expect to have a TA with

the highest rates. Around 100,000 fatal TA will be

in people less than 30 years old.

•The government (or someone else) is going to

expend a lot of money as consequence of this

problem (some people have calculated from 2 to

4% of GNP). If we are optimistic, could think in

something between 150’000,000,000 and

300’000,000,000 dlls (1 to 2% of GNP).

Conclusions (2)

Forecast  of deaths by a TA to 2020 

per age groups.



Safety  2010  World Conference

Harvey Spencer Sánchez Restrepo September, 2010 

Conclusions (3)

As group, we have three kind of goals:

1. Learn how the best researchers raise useful tools for understanding the

dynamic of traffic accidents,

2. develop our own tools and show to apply them for solve this and other

associated problems as well as questions from different perspectives

and approaches, and

3. train people with a multidisciplinary background so needed to meet

safety and public health problems.

1.  The problem

2. The model

3. Results

4. Conclusions
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