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Abstract

Background: As a result of the road traffic accidents 1.25 mln. of working-age people die each year on the
roads. Frequency of the RTA is 11 times higher in our country than in Europe, that influence on demographic
and economic situation in the republic. Creation of the math modeling and prediction of traffic mortality rate in
Kazakhstan will allow to develop measure on its decrease.

Methods: Short-term dotted prediction of population mortality level of Kazakhstan was used, in particular —
methods of regressive analysis. General prognosis throughout the country up to 2021 was made on the basis of
data for 1999-2018. The more relevant method for prediction is exponential function taking into account the
features of mortality rate level trend.

Results: Prediction of traffic fatalities without division into the age-related groups for 2019 is 2132181 case
with a probability 2/3. Expected levels for 2020-2027 cases, for 2021-1927 cases.

Annual mortality decrease rate according to the 0-19 age-related at an average is 6.4% among men and 5.8%
among women, according to age group as a whole — by 6.2%; from 20 up to 64 age related group — 5.1 % on all
population category; older 65 age —group is by 2.2 %, 3.7 % among men, 2.9% among women as a whole.
Conclusion: In the foreseeable future the number of traffic deaths in Kazakhstan will tend to decrease at a
slower pace. Mortality rates due to road traffic accidents among working-age men will be 3 times higher than
women in this age group.

Keywords: Road-traffic accidents; Mortality; Prediction; Kazakhstan

Introduction
At the present time problems due to the road portant issues in healthcare and social policy in all
traffic accidents (RTA) relate to the most im- countries of the world. Approximately 1,25 mln.
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of working age people die each year on the roads
1.

According to the WHO and the World Bank by
2020 the deaths as a result of the RTA will have
become one of the main reasons of mortality in
many countries of the world (2). In the projected
rise of the road accidents world ranking as a main
reason of population deaths the important role
plays developing countries whereas in developed
countries the road traffic accidents deaths are
projected to decrease by 30% by 2020 (3).

The mortality as a result of RTA is a one of the
most serious problems of healthcare of Kazakh-
stan. Increase of population number and im-
provement of economic situation have led to the
rise of RTA number in the country. Today in
Kazakhstan the mortality due to RTA is 30.6 per
100ths. of population at an average. Our country
takes first place in European region of the WHO
by a significant margin (4). Such human losses are
comparable with losses in major military con-
flicts.

In order to enhance control under the situation
in 2008 Kazakhstan adopted a law within the
framework of which administrative responsibility
was strengthened for nonuse of safety belts, en-
tering an oncoming lane, driving under the influ-
ence of drink, etc. (5). Nevertheless, frequency of
the RTA is 11 times higher in our country than in
Europe (6, 7), that influences on demographic
and economic situation in the republic.

Increase in income among the population that
has been observing over the last few years cer-
tainly will lead to a mass nation and region mo-
torization. As a fact, it can lead to a higher level
of mortality due to RTA in the country (8).
Research on mortality level prediction due to
RTA has not been conducted previously as one
of the key factors of working-age population
death. Prediction level modeling among the
country population will play an important role in
planning and managing measures on improve-
ment of road traffic safety. We aimed to provide
mathematical and predictive modeling of mortali-
ty due to road traffic accidents in Kazakhstan.
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Materials and Methods

Short-term dotted prediction of population mor-
tality level of Kazakhstan as a result of the RTA
was carried out on the basis of the facts on RTA
mortality level for 1999-2018. Exponential func-
tion via time-series modeling of mortality level
changing as a much more effective method of
mortality modeling was used in the research (9-
11).
Our research includes three stages: studying pop-
ulation mortality over the period under review,
modeling and prediction of mortality up to 2021
on the basis of obtained models.
First stage — studying of mortality due to RTA in
Kazakhstan for 1999-2018. We determined gen-
eral (crude) markers of mortality per 100 ths. of
the population for the period under review based
on information about mortality rate due to RTA
official registration, data of the Statistical Agency
on age-sex composition population number, offi-
cial statistical data of the Ministry of Health of
the Republic of Kazakhstan. The dynamics of
traffic fatalities was studied in three age groups:
first group — up to 19 yr old, second one — from
20 up to 64 yr old and the third one — older 65 yr
old. Breakdown of abovementioned age groups
was made according to participation activity crite-
ria of certain age groups of population in the
road traffic (12).
Second stage — math modeling of mortality rate
due to the RTA in Kazakhstan over the period
under review. Selection of a proper model was
made into consideration with process content
and peculiarities of traffic fatalities dynamics in
three abovementioned age groups.
Methods of correlation analysis and time-series
models that had been built on the basis of series
of dynamics over the period and its extrapolation
were used for calculations (10, 11, 13).
We chose the exponential function of the follow-
ing form to be the most appropriate to reflect the
specifics of the examined process.

Y, = cePtu,
where cand P - parameters of the model, defin-
ing its shape;

69


http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 49, No.1, Jan 2020, pp. 68-76

! _ factor variable (time, observation sequence
number);

e - base of natural logarithms;

u, - malfunction.

In an exponential model parameter b represents
the relative size (percentage) of changes in the
level of the indicator; this parameter is assumed
to be constant. The sign of the parameter de-
pends on the nature of the series dynamics; in

our case parameter b carties a negative sign as the
dynamics of road traffic accident mortality rate in

the given period tends to decrease. Hence, as the
process evolves the absolute value of mortality
rate will decrease.

Coefficient of determination in all cases was
within the scope of from 0.83 up to 0.92. Testing
of models and regression coefficients at a level of
value 0.01 once again in all cases shoed its relia-
bility. The facts show that used as a basis a simple
linear model extremely prompt apprizes the series
trend. Calculated models are shown in Table 1 in
mortre conventional form.

Table 1: Predictive models

Object Period of monitoring
1999-2007 2008-2018
Males Y, =801+292t+¢,R>=086 Y, =2783—105t+ ¢, R?=0.90
Females Y, =218+ 111t + £, R? = 0.83 Y, = 1009 — 36t + &, R? = 0.85

Population at large

Y, = 1018 + 403t + &, R = 0.86 Y, = 3798 — 144t + &, R? = 0.92

Third stage — prediction. Further, we determined
a mortality rate predictive level due to the RTA in
Kazakhstan via extrapolation of obtained models.
Unfortunately, a comparatively short database
allowed to extrapolate the obtained models only
2-3 years in advance, in our case until 2021.

The whole statistical analysis was carried out us-
ing of SAS and Stata 12 software packages.

This article is a fragment of the doctoral thesis
paper by Alma Aubakirova.

Results

Studying of mortality rate markers due to the
RTA in Kazakhstan

We have studied crude markers of mortality due
to the RTA in Kazakhstan over the period 1999-
2018 (Table 2).

A relative stability of process operation condi-
tions has been violated. Over the period from
1999 till 2007 the level of traffic mortality at an
average increased by 2.36 cases per 100ths of
population of the country. Beginning from 2008
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the process reversed course: annually at an aver-
age the number of traffic losses became decrease
by 1.10 cases per 100ths people. As was men-
tioned in the “Materials and methods” chapter,
the highest markers of mortality were determined
in age group from 20 up to 64 yr old.

Math modeling of time-series mortality level
changes

Time-series modeling of the marker under review
throughout the research period from 1999 till
2018 shows that the series trend on traffic mor-
tality level is approximated in the best possible
way by second-degree polynomial, i.e. an equa-
tion Y; = by + byt + b3t*. What is more such
affirmation is specifically for the series of all sex-
age groups and population as a whole. Table 3
shows the obtained models of relatively male and
female parts of population as a whole with
breakdown according to their ages: up to 19 yr
old, from 20 till 64 yr old, 65 yr old and older.
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Table 2: General (crude) markers of Kazakhstan population mortality due to road traffic accidents per 100,000 pop-
ulation according to age categories, 1999-2018

5-9 53 6.1 65 59 68 90 87 108 115 96 58 84 55 64 56 51 42 40 39 37

11(4){ 44 33 38 36 34 54 57 83 93 60 50 55 59 52 41 4.1 50 42 35 32
1159_ 7.6 87 104 86 113 129 163 189 232 157 123 143 130 124 119 101 87 111 7.6 7.4
22(: 154 170 215 192 199 267 357 459 436 341 266 241 264 239 253 216 193 184 160 155
2259_ 214 192 217 224 241 308 401 505 520 369 307 301 249 281 269 21.8 188 185 148 157
33(: 21.6 215 221 232 237 304 350 497 553 363 286 292 286 260 272 231 200 202 177 132
3359_ 215 211 216 223 243 327 371 482 459 334 303 296 254 260 255 219 197 195 164 166
i&_ 214 189 219 213 235 283 358 428 426 328 295 303 275 244 230 226 199 191 182 180
Lng 176 170 199 175 214 227 312 451 389 285 270 273 265 251 266 243 196 218 179 171
55(3; 176 189 183 197 209 244 321 376 340 278 290 256 241 274 270 215 203 217 158 17.6
5559A 122 148 146 167 196 266 291 344 356 243 243 276 244 268 254 191 205 231 160 19.1
%(: 15.0 129 155 165 156 202 222 367 277 249 200 269 251 208 245 182 194 175 177 174
6659_ 112 136 172 143 177 196 251 258 245 200 221 214 191 195 214 209 141 206 152 123
77(: 127 175 123 156 152 132 233 263 253 211 199 218 21.7 184 204 119 128 173 154 134
7759 16.8 119 123 141 179 237 21.0 248 260 213 229 194 194 177 234 156 174 147 144 121
&;(4)1 134 172 169 130 85 207 229 287 209 203 153 152 153 125 111 131 151 180 11.7 173

8+ 145 48 135 124 57 58 201 158 100 77 109 66 110 131 96 101 123 45 119 81
Total 134 134 148 146 161 201 250 320 31.8 236 206 209 195 191 191 162 145 149 123 120

Table 3: Approximation of mortality rate dynamics due to the road traffic accidents in Kazakhstan, 1999-2018

No Age (;g:)oup Male population Female population Population at large
1 019 y=—1.8045x2+34.24x+154.87  y=—0.9425x2+20.216x+73.677 y=—2.853x2+55.771x+225.92
i R?=0.58 *=0.46 2=0.61
2 20.64 y=—13.789x2+293.16x+734.57 y=—4.4903x2+98.72x+148.14  y=—18.28x2+391.88x+882.71
R?=0.63 R*=0.63 R*=0.63
3 65 and older y=—0.5681x2+12.723x+58.38  y=—0.5987x2+13.041x+40.731 y=—1.1668x2+25.764x+99.111
>=0.53 2=0.54 >=0.56
Figure 1 represents the trend of traffic fatalities effective and illustrative examples, we demon-
among the population of Kazakhstan. For more strated the mortality trend in 20-64 age group.
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Fig. 1: Dynamics of mortality from traffic accidents among the population of Kazakhstan in the age category from
20 to 64 years, 1999-2018

Determination coefficients of the obtained ap-
proximations are quite significant. However, giv-
en equations (second-degree polynomial) cannot
be used in prediction of a phenomenon under
review. This is due to the fact that the main con-
dition for extrapolation is violated in the process
under the research, which is a relatively stability
of process development. That is why the me-
thodically correct formulation and modeling of
the process means using of data beginning from
2008 for analysis and prediction.

Although, a lot of processes are enough simply
approximated with using linear models (as it is
shown above), in reality social processes and
phenomenon have nonlinear feature and respec-
tively they suppose attraction of nonlinear func-
tions for its approximation as possible.

Table 4 shows parameters of exponential func-
tions reflecting traffic fatality trend during the
period from 2008 till 2018. The most important

information has coefficients at factor variable .

Table 4: Nonlinear models of the road traffic accident mortality cases in Kazakhstan by the age groups

Ne  Age group (yr) Male Female Both genders
1 0.19 y=329.88¢0.064 y=198.19¢-005¢ y=528.46e 0062
- R2=0.89 R2=0.84 R2=0.90
_ y=2423¢-0.051t y=734.48¢ 0051t y=3157.8e 0051t
2 2064 R2=0.88 R2=0.87 R2=0.89
y=126.16e-0022 y=113.05¢-0037 y=239.3¢0.029
5 65andolder R2=0.33 R2=0.74 R2=0.63

Figure 2 represents the approximation of the ex-
ponential function process.

Traffic fatality level prediction in Kazakhstan

Prognosis of mortality level in Kazakhstan for
2019-2021 is made on the basis of obtained mod-
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els. For more precise visualization of obtained
results, we represented the data in absolute num-
bers. In Table 5 possible deviations from ex-
pected level correspond to sizes of relevant
standard errors of models.
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== Under 19 years of age, y = 528.46e-0.062x R? = 0.9004
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Fig. 2: Exponential function approximation of the traffic accident mortality cases in Kazakhstan across three age
groups, 2008-2018

Table 5: The expected number of road traffic accident mortality cases in Kazakhstan for 2019

Ne Age group (yr) Male Female Both genders
1 0-19 153£18* 99+15%* 251£29%*
2 20-64 1314+125* 398+42* 1712+155%*
3 65 and older 97+13* 73E7* 169£16*

*with a probability of 2/3 (standard error)

Prediction capability for medium and long-term
perspectives are limited by the fact that models
are made on the basis of relatively short-time in-
vestigation database. In other words, the further
the prognosis horizon is the less reliable the ex-
pected outcomes are. Trend extrapolation on the

basis of models trend up to 2020 and 2021 gives
single-value prediction presented in Table 6.
Prediction of a general level of traffic fatalities
without division into the age groups for 2019 is
21274181 case with a probability of 2/3. Ex-
pected levels of the marker for 2020 is 2022 cas-
es, for 2021-1921 case.

Table 6: The expected number of road traffic accident mortality cases in Kazakhstan for 2020-2021

Ne Age group (yr) Male Female Both genders

2020

1 0-19 144 93 236

20-64 1249 378 1627

3 65 and older 95 70 164
2021

1 0-19 135 88 222

2 20-64 1186 360 1546

3 65 and older 93 67 159
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Discussion

The number of traffic fatality cases in Kazakh-
stan has a tendency for reduction with delayed
decrease rate. According to the WHO prognosis,
the same tendency is expected to be in many
countries of the world (4). In spite of prognosis
about annual reduction of number of traffic fatal-
ity, the size of the reduction will reduce every
year.

The entry into force in 2008 of the new Law on
Administrative Violations and the system of fines
and other penalties for driving violations in Ka-
zakhstan (0) radically changed the stricter condi-
tions for moving entities by cars, affecting the
increase responsibility of the population on the
roads. This is one of the key factors of the “Had-
don’s Matrix” model, which affects the degree of
road accidents (14). According to this model, fur-
ther sustainable reduction in mortality rate due to
the RTA in Kazakhstan can be facilitated by im-
proving the quality of roads and optimizing the
operation of emergency medical services. That is
why there is a need to further improve the state
policy of the country to reduce the mortality rate
of citizens due to the RTA.

When modeling the number of traffic fatalities in
Kazakhstan we had problems associated with
choosing the most suitable function. As a model
for prediction, in principle, different functions
could be used, such as autoregression, auto-
regressive moving average (ARMA), autoregres-
sive integrated moving average (ARIMA), sea-
sonal autoregressive moving average (SARIMA),
as well as Li-Carter and etc. (15, 16). There are
works on prediction of various indicators in
healthcare using various models that have suffi-
cient predictive power and reliability, where the
logarithmic function was used (17-19). However,
here we should take into account the nature of
the phenomenon under study, as in our case.
Therefore, the prediction of a specific phenome-
non in a particular country should be approached
strictly individually.

The available literature also contains interesting
works by various authors who simulated a short-
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term prediction of traffic fatalities. Among the
works using various models for predicting mor-
tality due to the RTA, most often, there are the
most recent manuscripts of Iranian scientists.
Further, we decided to conduct a brief review of
the scientific papers that interested us.

The ARIMA model was used to predict the sea-
sonality of accidents on the roads of Taybad (20).
The study analyzed data on mortality due to road
accidents for 5 years (2007-2012). However, the
use of the ARIMA method did not allow scien-
tists to identify the expected seasonality of the
studied phenomenon, which once again indicates
the difficulty of selecting the appropriate func-
tion to conduct a more accurate prediction of the
consequences of accidents.

A group of Iranian scientists conducted a short-
term prediction of road traffic deaths in the Zan-
jan province of Iran using time series modeling
(21). To remove instability from the time series,
the authors used several models at once (ARMA,
ARIMA, SARIMA). This combination of predic-
tion models allowed us to establish downward
trend mortality in the study area for the next 4
years. According to the authors, the identified
positive dynamics was achieved as a result of an
effective government policy to introduce some
new regulatory acts aimed at reducing the mortal-
ity of the Iranian population due to the RTA.
The seasonality of mortality rate due to the RTA
was determined in 2016 (22). When applying
SARIMA based on a three-year prognosis of time
series (2013-2015), the lowest mortality rates due
to the RTA are observed in the spring and au-
tumn months. Earlier in 2015 a team of scientists
from China and the USA also studied the season-
ality of traffic fatalities in China using the SARI-
MA model (23). Analysis of data for 2000-2011
using this model allowed scientists to determine
the exact monthly prediction of mortality due to
the RTA for one year in advance. Thus, the
abovementioned two independent groups of sci-
entists proved the effectiveness of the math
model of SARIMA prognosis, which allows con-
ducting a detailed prediction of the mortality rate
due to the RTA depending on the time of year.
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Taking into account the difficult meteorological
conditions in the winter and the geographical fea-
tures of Kazakhstan the SARIMA predicting
model can be successfully applied in our future
work a few years after the accumulation of the
mortality database depending on the time of year.
Unfortunately, seasonal-like statistics on road
traffic accidents in Kazakhstan is incomplete,
which in turn complicates our task.

During the literary search, we were unable to find
the results of studies by other authors on predict-
ing mortality rate due to the RTA using ETS (ex-
ponential smoothing). This only emphasizes the
originality of our work. We believe that we were
able to conduct an effective short-term predic-
tion of mortality from the phenomenon under
study with a fairly high probability (2/3).

Thus, the strength of our research is that despite
the difficulties identified during the study associ-
ated with the instability of the studied phenome-
non we have identified the most suitable method
for predicting (non-linear approximation func-
tions) mortality due to the RTA for the coming
years. This method can be further used to predict
other causes of mortality occurring in a similar
scenario.

The weakness of the study is the short-term pre-
diction, associated with a relatively short-time
database (11 years) of observations.

Longer-term prognosis can provide modified
predicting models related to per capita income. A
prediction model that depends on the level of
income of the population makes it possible to
determine later and higher peaks of mortality rate
due to the RTA than the verified time-dependent
model. Mortality from the studied cause in the
world will begin to decline only after the global
peak (up to 1.8 million deaths) in 2035. At the
same time, the lower the country's income per
capita is, the later mortality due to the RTA is (8).

Conclusion
In the foreseeable future, the number of traffic

deaths in Kazakhstan will tend to decrease at a
slower pace. Mortality rates due to road traffic
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accidents among working-age men will be 3 times
higher than women in this age group.

The radical turn in the dynamics of mortality
among the population of the Republic of Ka-
zakhstan as a result of the road traffic accidents
in the direction of decreasing lethal outcomes is
explained, first of all, by cardinal changes in the
paradigm of driver behavior on the roads. The
main reason for this change is the legislative initi-
atives undertaken in 2008 aimed at increasing the
responsibility (first of all, material and financial)
of the participants in the movement, especially
motorists.
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